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181. The Configuration of Certain Diphenyl Compounds indicated 
by their Dipole Moments. 


By R. J. W. Le Févre and H. VINE. 


An attempt has been made to determine whether a diphenyl molecule in which 
large (‘‘ obstacle ’’) groups are situated in the 2: 2’-positions has a configuration in 
which carbon atoms 4: 1: 1’ : 4’ are collinear. The general plan has been to measure 
the moment of the 2: 2’-disubstituted diphenyl and compare it with the value for 
the related substance in which an additional pair of substituents has been inserted 
in the 4 : 4’-positions. The results are not in disagreement with the generally accepted 
view that the spatial arrangement of all derivatives of diphenyl is rectilinear. Small 
changes in moment with every pair of compounds have been found, but it has not 
been possible to decide whether these have arisen from departures from linearity or from 
other causes. Several of the compounds appear to be non-planar, with their benzenoid 
rings approximately at right angles. 


Att discussions of the factors determining the configuration of a dissymmetric diphenyl 
molecule (Le Févre and Turner, Chem. and Ind., 1926, 45, 831; Bell and Kenyon, 7d7d., 
p. 864; J., 1926, 3045; Mills, Chem. and Ind., 1926, 45, 883, 905) have assumed that, when 
groups of considerable size are present in the 2 : 2’-positions and are operating to stabilise a 
non-planar molecule, carbon atoms 4:1: 1’: 4’ lie approximately along a straight line. 
No direct experimental evidence for this assumption has yet been advanced, although 
the rectilinear configuration of the parent hydrocarbon and a few 4: 4’-disubstituted 
derivatives has been indicated by various X-ray and dipole-moment examinations, 

In the present work an attempt has been made to supply this deficiency by examining 
the changes in dipole moments of some 2 : 2’-disubstituted diphenyls caused by the insertion 
in the 4 : 4’-positions of two radicals whose “‘ group moments ”’ lie along their directions 
of attachment to the aromatic carbon atoms; on the view that the configuration of the 
molecule is controlled only by the properties of the two o-substituents and that the 
4: 1:1’: 4’ carbon atoms are collinear, the moment of the tetrasubstituted compound 
should not differ from that of the disubstituted one by an amount greater than that which 
might be expected to arise from intramolecular induction effects. 

Comparisons have been made among the following substances * (the necessary experi- 
mental observations are tabulated later) : 


Cl Br NO, 


NO, NO, ( NO, NO, O,Me 
NO, NO, NO, NO, CO,Me 
No, 


l Br 
(I.) (II.) ° (IV.) (V.) 
p = 5-19. p = 4-90. p = 4-92. — = 4:38. pp = 2-42. 


NO, NO, 


O,Me Me Me 


CO,Me iw Me Me 


NO, : eres 
(VI.) (VIL) (VIII.) ae) ere | 
p = 2-16. p = 1-99. p = 0-66. =9-75, °°): pak So, 
3 * All dipole moments are given in Debye waite (e.s.u, X_ 10-7), 
R 
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Without correction it would appear that the two C-X (X = Cl, Br, or NO,) vectors in 
(II), (III), and (IV) lie at angles of 165—170°; but before conclusions can be drawn from 
these data, estimations of the mutual effects of the substituents must be made. As an 
example, the case of the di- and tetra-nitrodiphenyls may be set out in some detail. A 
dipole situated at the origin (Fig. 1) and lying along the x axis will induce in a body P of 
polarisability « a moment whose vertical and horizontal components are py and pu, 
respectively. These (Smallwood and Herzfeld, 

J. Amer. Chem. Soc., 1930, 52, 1919; Frank, 
Proc. Roy. Soc., 1935, 152, A, 171) are given‘by: 


Uz = wa (3 cos? 6 — 1)(e + 2) /3er3 
Uy = 3ua (sin 6 . cos 6)(e + 2) /3er4 


and may be written as R,ua(e + 2)/3e and 
Rywa(e + 2) /3e. 

The application to the present problem is 
made on the basis of the dimensions indicated 


Fic, 1. 


J 





L (4) NO 
Ke . 





g I 
Z : 
in Fig. 2. It is supposed that the plane of the ring (1) is rotated through an angle x with 
respect to that of (2), and three axes meeting at Q have been taken, a passing through the 
centres of the two rings, d in the plane of (1), and ¢ in that of (2). Values of R, and R, 
necessary to the calculation of the component induced moments parallel to b are tabulated 
below. On account of the symmetry of the model, the sum of the components R, is zero, 
and those of R, and R, are equal. For the purpose of calculation, angles and distances 
have been measured between the centres of the nitrogen atoms. 
. 6. R,. 

(A) Induction by p, on (NO,); 150° . —0-0087 x 10*4 cm.-° 

+0-0052 
(B) Induction by p, on (NO,), 83 . +0-0034 

—0-0008 
(C) Induction by pw, on (NO,), . 150 . +0-0104 
(D) Induction by pw, on (NO,), , 157 . +0-0043 

xR, = 0-0138 x 10% cm.-* 


The resultant difference to be expected between the moments of the two substances 
under consideration, due to intramolecular induction, is therefore 


0-0138 x 10%. wa(e + 2) . 2cos 4y/3e 


The moment of the C-NO, group, pu, is 4:2; the dielectric constant of the medium, ¢, is 
assumed to be 2-4 (Le Févre and Le Févre, J., 1937, 196) ; x is probably ca. 90° (see below). 
Smallwood and Herzfeld (loc. cit.) used the value 2-75 x 10-** cm.3 for the polarisability of 
thé nitro-group, which they derived from the octet refractions. On insertion of these 
figures in the above expression} ‘the net effect should be to reduce the moment arising 
from the 2 : 2’-dinitro-groups by 0-14. 
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The reduction actually observed is 0-81, which could be accounted for if « were as high 
as 16 x 10°*4. Such a value is considerably greater than that derived from the refraction. 

In the other compounds examined, the action of induction effects similarly is scarcely 
adequate to explain the observed results. It is noteworthy, however, that the ratio 
between the reduction of moment in passing from (I) to (IV) and the increase of moment 
from (VIII) to (X) is almost exactly that between the molecular refractions of the nitro- 
and the methyl group (0-81 : 0-64 = 7-3:5-7). This, of course, is consistent with the view 
that the change of moment has its cause chiefly in polarisation of the 2 : 2’-substituents 
by the polar links at the ends of the molecule. The cases (V)—(VII) are more complex 
owing to the size and possibilities of intramolecular rotation inherent in the carbomethoxy- 
group; nevertheless, they qualitatively resemble (I), (III), and (IV), consistently with 
the — I polarity common to the C-NO, and the C-CO,Et group. 

In conclusion; it therefore appears that if any weight can be attached to calculations of 
the type made above, electrostatic induction effects within the molecules are insufficient 
to account for the observed changes in moment when the 4: 4’-groups are introduced. 
In view, however, of the uncertainties involved, no definite conclusion can be drawn at the 
present time. 

These uncertainties arise, not only in connexion with the actual magnitudes of «, «, 7, 
and 6 which are used in the calculations, but also from the unknown “ anomalous ”’ 
solvation effects and the possibility that the average angle x can be modified by the 4 : 4’- 
substituents. The former is not likely to be considerable (f-dinitrobenzene shows an 
excess of total polarisation over refractivity in benzene of ca. 10 c.c.), but the latter will 
probably be much more significant (cf. data for the rates of racemisation of certain 5- 
substituted dissymmetric diphenyls; Yuan and Adams, J. Amer. Chem. Soc., 1932, 54, 
4434; Chien and Adams, ib:d., 1934, 56, 1787). 

It is noteworthy that if a uniaxial and regularly hexagonal carbon skeleton be assumed 
for substituted diphenyl molecules and if link moment values for C-NO, and C-CO,Me of 
4-2 and 2-0 be adopted (4-2 is the moment of 4-nitrodiphenyl; no value for the corresponding 
methyl ester is available) then the mean angles x, which are given by 

COS X = $%obs./47tink — 1 
are in both cases ca. 90° (cos x = 0-017 and —0-023 respectively). 

The moments reported by Bretscher (1-72; Helv. Physica Acta, 1929, 2, 257) and 
Weissberger, Sangewald, and Hampson (1:77; Trans. Faraday Soc., 1934, 30, 884) for 
2 : 2’-dichlorodipheny] and by the last authors for 3 : 3’-dichlorodipheny] (1-68), considered 
in conjunction with a C-Cl link moment of 1-6, similarly indicate x values between 90° and 
100°. The somewhat greater moment of the 2: 2’- compared with the 3 : 3’-dichloro- 
diphenyl has been attributed by Hampson and Weissberger to the operation of London 
forces (J. Amer. Chem. Soc., 1936, 58, 2111), leading to a reduction in the angle x. 

The moment of diphenic anhydride is also included in the table of results on p. 972. 
This substance contains a seven-membered ring, which from its ease of formation is 
presumably strainless. It is therefore of interest to compare this result with data for 
three five-ring anhydrides, recently reported by Govinda-Rau and Anantanarayanan 
(Proc. Indian Acad. Sci., 1937, V, 185) as follows : 

Succinic anhydride p= 42 Citraconic anhydride 

Phthalic anhydride 5:3 
Our value for diphenic anhydride is practically identical with that found by the Indian 
authors for phthalic anhydride. 


EXPERIMENTAL. 


Preparation of Materials.—The 2: 2’-dinitrodiphenyls were prepared by the method of 
Ullmann and Bielecki (Ber., 1901, 34, 2176). The reaction with copper powder took place at 
240—245° in the case of 2-chloro- and 2: 5-dichloro-nitrobenzene, at 210° with 2: 5-dibromo- 
nitrobenzene, and in boiling nitrobenzene solution in the case of 2 : 4-dinitrochlorobenzene. 
4: 4’-Dibromo-2 : 2’-dinitrodiphenyl, recrystallised from benzene, had m. p. 142°, which was 
4° higher than that recorded by Ullmann and Bielecki. 
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Methyl diphenate and diphenic acid were obtained by addition of diazotised methyl 
anthranilate and anthranilic acid respectively to an ammoniacal solution of cuprous oxide 
(Vorlander and Meyer, Annalen, 1902, 320, 122). By nitration of diphenic acid with fuming 
nitric acid, 4 : 4’-dinitrodiphenic acid was formed together with the 4: 6’-dinitro-derivative, 
from which it was separated by recrystallisation of the barium salt (Hummel, Axznalen, 1878, 
193, 131). It was readily esterified with methyl alcohol in the presence of hydrogen chloride 
(Schultze, Annalen, 1880, 208, 98). 

4 : 4’-Dibromodiphenic acid has previously been obtained only by oxidation of 2 : 7-dibromo- 
phenanthraquinone (Schmidt and Junghans, Ber., 1904, 37, 3569; Underwood and Clough, 
J. Amer. Chem. Soc., 1929, 51, 585), and from 4 : 4’-diaminodiphenic acid by the Sandmeyer 
reaction (Schmidt and Junghans, /oc. cit.). Since 5-bromo-2-aminobenzoic acid is readily 
obtained by bromination of anthranilic acid (Wheeler, J. Amer. Chem. Soc., 1909, 31, 568), an 
application of Vorlander and Meyer’s reaction to this substance offered a more convenient means 
of preparing the required dibromodiphenic acid. The bromoaminobenzoic acid (18 g.) was 
dissolved in 300 c.c. of 3N-sulphuric acid, and sodium nitrite (6 g.) added at 0°. The filtered 
liquid was allowed to run slowly into a solution of cuprous oxide (from 26 g. of cuprous chloride) 
in ammonia (d 0-88, 56 c.c.), the mixture being well stirred and the temperature kept below 20°. 
Nitrogen was evolved, and after. standing for } hour the mixture was heated to boiling and 
carefully acidified with concentrated hydrochloric acid, the thick bluish-green precipitate 
then being replaced by a pale yellow granular one of crude dibromodiphenic acid (16 g.). The 
product was purified by boiling for 10 minutes with acetic acid (50 c.c.), water (20 c.c.), and 
powdered zinc (3 g.), 1 g. of animal charcoal being added at the end. After filtration, addition 
of water, and cooling, the acid crystallised in yellowish-white leaflets, m. p. 277—-278°. 

Methyl 4 : 4'-dibromo-2 : 2'-diphenate was obtained by saturating a methyl-alcoholic solution 
of the acid with hydrogen chloride and warming it on the water-bath for a short while. The 
ester crystallised on cooling, and after being washed with sodium carbonate and recrystallised 
from methyl alcohol, formed colourless leaflets, m. p. 124° (Found: C, 44-4; H, 2-8. 
C,,H,,0,Br, requires C, 44-9; H, 2-8%). 

Diphenic acid was converted into its anhydride by heating with acetic acid and acetic 
anhydride (Bischoff and Adkins, J]. Amer. Chem. Soc., 1923, 45, 1032). When 4 : 4’-dibromo- 
diphenic acid (4 g.) was heated with a boiling mixture of acetic acid (8 g.) and acetic anhydride 
(8 g.), it changed rapidly into a white powder, which, after boiling for 15 minutes, was filtered 
and dried. It was very sparingly soluble in organic solvents and was not recrystallised, but was 
found to consist of microscopic transparent needles (Found: C, 44-4; H, 1-8. Calc. for 
C,,H,O;Br,: C, 44-0; H, 16%). Them. p. was 316°, in disagreement with 304—305°, recorded 
by Underwood and Clough (loc. cit.) for an anhydride prepared by a similar method, but with 
more prolonged heating and with larger quantities of acetic acid and acetic anhydride. 

Attempts to prepare 4 : 4’-dinitrodiphenic anhydride by a similar method were unsuccessful, 
as reported by Schmidt and Kampf (Ber., 1903, 36, 3743) and by Underwood and Kochmann 
(J. Amer. Chem. Soc., 1924, 46, 2074). 

2 : 2’-Dimethyldiphenyl was obtained by heating o-iodotoluene with copper powder in a 
sealed tube (Ullmann, Amnalen, 1904, 382, 42). 4: 4’-Dichloro-2 : 2’-dimethyldiphenyl was 
prepared from m-tolidine (4 : 4’-diamino-2 : 2’-dimethyldiphenyl) by the Sandmeyer reaction. 
m-Tolidine hydrochloride (100 g.) was suspended in 10Nn-hydrochloric acid (350 c.c.) and 
diazotised by addition of sodium nitrite (50 g. in 200 c.c. of water) at 10°. The filtered solution 
was gradually added to a mixture of cuprous chloride (125 g.) and 10N-hydrochloric acid (200 
c.c.), the temperature being kept at about 20°. Nitrogen was evolved and a large amount of 
sticky brown material precipitated; 41 g. (47% yield) of the required compound were obtained 
by prolonged steam-distillation, and on recrystallisation from alcohol it formed colourless 
needles, m. p. 48° (Found: C, 67-0; H, 4:9; Cl, 27-6. C,,H,,Cl, requires C, 67-0; H, 4-8; Cl, 
28-2%). 

Ullmann and_Frentzel (Ber., 1905, 38, 725) recorded the preparation of 4 : 4’-dinitro-2 : 2’- 
dimethyldiphenyl by diazotisation of 2-amino-5-nitrotoluene and treatment with cuprous 
chloride in hydrochloric acid solution. Repetition of their procedure gave large yields of 
2-chloro-5-nitrotoluene, which was removed by steam-distillation, together with small quantities 
of tarry residues. A similar result was obtained with o-nitroaniline; whether the diazotised 
solution of this base were added to the cuprous chloride solution or vice versa, large amounts of 
o-chloronitrobenzene only were produced, whereas Ullmann and Forgan (Ber., 1901, 34, 3802) 
and Ullmann and Frentzel (/oc. cit.) stated that in this case, as in several others, reversal of the 
normal procedure of a Sandmeyer reaction gave quite high yields of diphenyl derivatives. We 





[1938] 


Diphenyl Compounds indicated by their Dipole Moments. 


971 


have obtained the required substance, 4: 4’-dinitro-2 : 2’-dimethyldiphenyl, by another 
These authors found that reduction of 
diazotised toluidines with ammoniacal cuprous oxide gave the corresponding azo-compounds, 
whereas o- and p-nitroaniline, like anthranilic acid and its ester, gave diphenyl compounds 


application of Vorlander and Meyer’s reaction. 


(loc. ctt.). 
WwW). 
0 


0-004174 
0-004672 
0-007903 
0-008533 
0-010091 


0-001697 
0-002418 
0-005073 
0-013879 


0-004251 
0-005904 
0-006431 
0-007793 
0-012293 


0-003040 
0-004158 
0-005733 
0-007791 


0-00537 
0-00855 
0-01125 


0-00415 
0-00671 
0-00739 
0-00850 


0-00420 
0-00476 
0-00564 


0-00548 
0-00849 
0-01166 
0-11765 


0-00900 
0-01298 
0-02334 
0-03462 
0-05257 


0-01268 
0-01946 


0-001186 
0-001763 
0-001797 
0-003138 


1200 
€25° 


2-2725 


2-3233 
2-3303 
2-3705 
2-3804 
2-3988 


2-2866 
2°2927 
2-3161 
2-3915 


2-3013 
2-3125 
2-3148 
2-3250 
2-3551 


2-2913 
2-2988 
2°3093 
2-3226 


2-2860 
2-2936 
2-2998 


2-2785 
2-2818 
2-2830 
2-2842 


2-2778 
2-2791 
2-2801 


2-2749 
2-2770 
2-2770 


2-2765 
2-2783 
2-2825 
2-2873 
2-2948 


2-2844 
2-2900 


2-2901 
2-2970 
2-2975 
2-3171 


&. 
0-87378 


I, 
0-87512 
0-87528 
0-87632 
0-87653 
0-87701 


a€q. 


2 : 2’-Dinitrodiphenyl. 


12-17 
12-37 
12-40 
12-64 
12-52 


B. 


0-367 
0-367 
0-367 
0-368 
0-366 


25° 
Np. 


1-49724 


1-49761 
1.49790 


1-49813 


II. 4: 4’-Dichloro-2 : 2’-dinitrodiphenyl. 


0-87437 
0-87466 
0-87570 
0-87914 


8-30 
8-35 
8-59 
8-57 


0-35 
0-36 
0-378 
0-386 


1-49740 
1-49745 
1-49767 


III. 4: 4’-Dibromo-2 : 2’-dinitrodiphenyl. 


0-87592 
0-87660 
0-87682 
0-87732 
0-87970 


6-77 
6-78 
6-58 
6-74 
6-72 


0-503 
0-478 
0-473 
0-454 
0-482 


1-49761 
1-49779 


1-49789 


IV. 2:2’:4: 4’-Tetranitrodiphenyl. 


0-87509 
0°87557 
0-87612 
0:87700 


V. Methyl diphenate. 


0-87509 
0-87586 
0-87652 


6-2 

6-33 
6-42 
6-43 


2-51 
2°47 
2-43 


0-431 
0-430 
0-408 
0-413 


0-244 
0-243 
0-244 


1-49735 
1-49767 


1-49752 
1-49777 
1-49787 


VI. Methyl 4: 4’-dibromodiphenate. 


0-87549 
0-87662 
0-87693 
0:87742 


1-44 
1-38 
1-42 
1-38 


0-472 
0-485 
0-488 
0-490 


1-49758 
1-49769 
1-49779 
1-49783 


VII. Methyl 4: 4’-dinitrodiphenate. 


0-87523 
0-87542 
0-87575 


VIII. 
0-87434 
0-87466 
0-87498 
0-88608 


1-26 
1-37 
1-40 


2 : 2’-Dimethyldiphenyl. 


0-44 
0-53 
0-39 


0-345 
0-345 
0-349 


0-117 
0-119 
0-118 
0-119 


1-49753 
1-49761 
1-49766 


1-50555 


IX. 4: 4’-Dichloro-2 : 2’-dimethyldiphenyl. 


0-87588 
0-87682 
0-87927 
0-88196 
0-88627 


0-44 
0-44 
0-428 
0-428 
0-424 


0-267 
0-268 
0-269 
0-270 
0-272 


1-49784 
1-49813 
1-49877 
1-49967 
1-50105 


X. 4: 4-Dinitro-2 : 2’-dimethyldiphenyl. 


0-87748 
0-87945 


XI. 


0-87415 
0-87432 
0-87431 
0-87474 


0-94 
0-90 


Diphenic anhydride. 


14-8 
13-9 
13-9 
14-2 


0-334 
0:333 


0-36 
0-35 
0-34 
0°35 


1-49828 
1-49889 


1-49742 
1-49745 
1-49744 
1-49754 


12° 
0-33503 


0-33473 
0-33451 


0-33440 


0-33489 
0-33481 
0-33454 


0-33442 
*0-33426 


0-33405 


0-33488 
0-33452 


0-33469 
0-33453 
0-33434 


0°33457 
0-33420 
0-33414 
0-33397 


0-33464 
0-33461 
0-33451 


0-33505 


0-33457 
0-33437 
0-33380 
0-33330 
0°33245 


0-33421 
0-33380 


0-33498 
0-33493 
0-33493 
0-33483 


[Rz]p- 
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2-Amino-5-nitrotoluene (25 g.) was diazotised with concentrated sulphuric acid (60 c.c.), 
water (100 c.c.), and sodium nitrite (12 g.) at 0°, 360 g. of water added, and the resulting solution 
poured slowly, with vigorous stirring, into cuprous oxide (25 g.) dissolved in ammonia (d 0-88, 
120 c.c.) and water (100 c.c.). Rapid evolution of nitrogen took place, with the formation of a 
reddish-brown solid. Extraction of this with alcohol gave 12 g. of an orange-coloured solid, 
m. p. ca. 150°, and the residue, after recrystallisation from acetic acid, yielded 5 g. of pure 
4: 4’-dinitro-2 : 2’-dimethylazobenzene, m. p. 258°. The material extracted with alcohol was 
repeatedly recrystallised from acetic acid (after boiling with animal charcoal), from alcohol, 
and finally from toluene, the m. p. rising to 168—170°. The purification was very wasteful. 
Ullmann and Frentzel record m. p. 170° for the substance (/oc. cit.). 

Dipole-moment Measurements.—The necessary observations in benzene solution are tabulated 
on page 971 under the usual headings. These, and the method of calculation employed, are 
explained in a recent paper (Le Févre and Vine, J., 1937, 1805). 

Mean values. 
M. Qé>. B. P's [Rz]p. 

I. 2: 2’-Dinitrodiphenyl * 12-43 0-36 623 66 

II. 4: 4’-Dichloro-2 : 2’-dinitrodiphenyl 313 8-58 0-378 572 76 

III. 4: 4’-Dibromo-2: 2’-dinitrodiphenyl ... 402 6-75 0-478 582 81 

IV. 2:2’: 4: 4’-Tetranitrodiphenyl 334 6-42 0-420 470 74 
V. Methyl diphenate t 270 2-47 0-244 195-2 74:0 
VI. Methyl 4: 4’-dibromodiphenate 428 1-40 0-487 187-5 90-6 
VII. Methyl 4: 4’-dinitrodiphenate 360 1-37 0-346 173-2 87-8 
VIII. 2: 2’-Dimethyldiphenyl 182 0-45 0-118 70-1 61-0 
IX. 4: 4’-Dichloro-2 : 2’-dimethyldiphenyl... 251 0-428 0-269 82-8 71-3 
X. +4: 4’-Dinitro-2: 2’-dimethyldiphenyl ... 272 0-92 0-334 108-8 73-8 

XI. Diphenic anhydride 14-0 0-35 640 62 

* Bretscher (loc. cit.) found P = 596 c.c., wp = 5-12, in benzene. 

+t For benzene solutions Bretscher (Joc. cit.) found P = 190-3, w = 2-36, and Weissberger and 
Williams (Z. physikal. Chem., 1929, B, 3, 367) P = 190, p = 2:3. 


TuHE Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoLLeGEe, LonpoN. (Received, April 2nd, 1938.] 
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182. The Reaction between Hydrazine Hydrate and 
4-Chloroquinoline Derivatives. 


By O. G. BACKEBERG and C. A. FRIEDMANN. 


Koenigs and von Loesch showed that the product of the reaction between hydrazine 
hydrate and 4-chloroquinaldine was either 4-hydrazinoquinaldine (I) or an isomeric 
substance of unknown constitution, according to the conditions of the reaction. This 
isomer has been shown to be 3: 4-diaminoquinaldine (V). Although this compound 
could not be prepared by direct synthesis for comparison, the procedure adopted, 
which involved the preparation of a number of methyl-substituted similar compounds, 
nevertheless established its constitution. Furthermore, its o-diamine structure 
was indicated by the fact that it formed a diacetyl derivative convertible into a quin- 
iminazole. 

For the attempted synthesis of 3 : 4-diaminoquinaldine, it was necessary to prepare 
3 : 4-dichloroquinaldine; this compound proved to be entirely different from the 
compound of that name described by von Braun and Heymons in 1930. An attempt 
was also made to synthesise the diamine by nitrating 4-aminoquinaldine, but the 
first isolable product was a nitro-4-nitroaminoquinaldine, and it was not found possible to 
introduce ohe nitro-group only into 4-aminoquinaldine. 


KOENIGS and von LoEscu (J. pr. Chem., 1935, 148, 59) found that two entirely different 
products were obtained from the interaction between hydrazine hydrate and 4-chloro- 
quinaldine according to the conditions employed: the normal reaction, resulting in the 
expected 4-hydrazinoquinaldine (I), m. p. 200°, took place in alcoholic solution on the water- 
bath, whereas in a sealed tube at 150° the product was a substance (II), m. p. 122°. The 
latter substance was first prepared by Marckwald and Chain (Ber., 1900, 33, 1898), who 
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thought that it was in fact the hydrazine (I). Koenigs and von Loesch referred to it 
as a diamine and reported that it was different from 3: 4- and 4: 5-diaminoquinaldine, 
which they prepared for comparison, but they did not describe the properties or the 
methods of preparation. 


NH-NH, N-NH, NH NH, 


Oe Oe ae 
Me \ /Me Me Me 


N NH N N 
(I.) (III.) (Iv.) NH, (V.) 


The purpose of the present investigation was to establish the constitution of Marckwald 
and Chain’s product. Molecular-weight determinations and analysis confirmed the fact 
that the compound is C,,H,,Nz, (II), isomeric with (I). The absorption spectra of the 
two compounds, taken with a Hilger quartz spectrograph (E. 31), indicate a close relation- 
ship between them; there is a slight difference in the positions of the two bands, and 
in the case of the hydrazine (I) considerable absorption occurs in the visible region, but 
nevertheless the two bands are similar in shape. Furthermore, the hydrazine (I) could 
be transformed into the isomer (II) by heating it in a sealed tube with hydrazine hydrate ; 
this appears to indicate that the hydrazine (I) is the first product of the reaction and, by 
analogy with the conversion of phenylhydrazine into #-phenylenediamine (Thiele and 
Wheeler, Ber., 1895, 28, 1538), the transformation involves the conversion of a 4-hydrazino- 
group into two amino-groups, of which one must be in the 4-position. The stability in 
air of the compound (II) makes a diamine structure improbable; yet, apart from the 
possibility of tautomerism, such as is indicated by (III), or of a compound of the form 
(IV)—actually both of these are excluded by the fact that such compounds would form 
4-aminoquinaldine on reduction, whereas (II) is unchanged—a diamine structure appears 
to be the only alternative, and this means that (II) must be 3: 4-, 4: 5-, 4: 6-, 4: 7-, or 
4: 8-diaminoquinaldine. Of these, the 3:4-compound is mentioned by Conrad and 
Limpach (Ber., 1888, 21, 1983), who obtained a hydrochloride which they did not describe, 
and attempts to prepare the diamine by their method were unsuccessful; the 4: 6- and 
the 4: 8-diamine were described by Jensch (D.R.-P. 591,480) as having m. p. 197° and 
168° respectively, but it has not been found possible to prepare them by the method referred 
to (compare Backeberg, J., 1935, 1568). ; 

Owing to the difficulties encountered in attempting direct syntheses of these various 
diamines, a different procedure was adopted to elucidate the structure of (II). In the 
conversion of (I) into (II) an amino-group must migrate to the position 3, 5, 6, 7, or 8, and 
these were each in turn blocked by a methyl group in the appropriate 4-chloroquinaldine 
derivative, so that, if a sealed-tube product was obtained which resembled Marckwald 
and Chain’s isomer (II), the assumption was made that the position blocked by the methyl 
group was not involved in the transformation. The result of this procedure showed 
that 6-methyl-, 5(or 7)-methyl-, 8-methyl-, 5:7-dimethyl-, 6 : 8-dimethyl-4-chloro- 
quinaldine, as well as 4-chloroquinoline, all reacted with hydrazine hydrate in a sealed 
tube to give a stable product which was not a hydrazine, and which therefore corresponded 
to Marckwald and Chain’s compound (II). In the case of 4-chloro-3-methylquinaldine 
no reaction occurred in alcoholic solution on the water-bath even after 50 hours, or in 
a sealed tube under the conditions specified, but if after 10 hours at 150° the temperature 
was raised to 200° for a further 10 hours, although some of the chloro-compound was still 
unchanged, ammonia was formed and a gummy substance was obtained from which it 
was not found possible to isolate any crystalline material. This failure to react with 
hydrazine hydrate did not appear to be due to steric hindrance, since the chloro-compound 
reacted normally with aniline. The conclusion to be drawn is that Marckwald and Chain’s 
isomer (II) is in fact 3 : 4-diaminoquinaldine (V); further, that the sealed-tube products 
obtained from 6-methyl-, 5(or 7)-methyl-, 8-methyl-, 5 : 7-dimethyl-, and 6 : 8-dimethyl- 
4-chloroquinaldine, as well as 4-chloroquinoline, are the corresponding 3 : 4-diamino- 
compounds. 
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The compound (V) is not, however, a normal o-diamine, for it was not found possible 
to condense it with diacetyl, benzil or phenanthraquinone. With acetic anhydride a 
diacetyl derivative (VI) was readily obtained, which is further evidence for the presence 
of two amino-groups in (II); this diacetyl derivative was easily changed, by warming for 
a short time in alcohol-hydrochloric acid solution, into a compound C,,H,,N3, which is 
regarded as 2 : 2’-dimethylquin(3 : 4 : 5’ : 4’)iminazole (VII) : 


NHAc NH, N—CMe 


| 
NHAc _ 10 NHAc ~—:0 NH 
OCR > CU = OOS 
N N 


N 
(VI.) (VII.) (VIII.) 


The same iminazole (VII) was formed by refluxing the isomer (II) with acetic acid, and 
2-methylquin(3 : 4: 5’ : 4')iminazole (VIII) was readily obtained by the action of formic 
acid on the compound (II). This formation of an iminazole is regarded as strong confirma- 
tory eviderice for the o-diamine structure of (II). The iminazole (VII) has the interesting 
property of being less soluble in hot than in cold dilute methyl or ethyl alcohol. 

Attempts to synthese 3 : 4-diaminoquinaldine (V) by the action of ammonia on 3: 4- 
dichloroquinaldine and by the nitration of 4-aminoquinaldine were unsuccessful. The 
dichloro-derivative required for the first method was described by von Braun and Heymons 
(Ber., 1930, 63, 3197) as having m. p. 322°, although 4-chloroquinoline derivatives are 
all characterised by comparatively low melting points. The compound was prepared by 
a method slightly different from that of the above authors and was found to have m. p. 
67°; its identity was confirmed by conversion into the known 3-chloro-4-anilinoquinaldine. 
The second method was an attempt to apply the procedure employed by Koenigs, Kinne, 
and Weiss (Ber., 1924, 57, 1177) for the preparation of 3-nitro-4-aminopyridine to the 
case of 4-aminoquinaldine, but the most carefully controlled nitration yielded 4-n1troamino- 
nitroquinaldine and it was not found possible to introduce only a single nitro-group into 
4-aminoquinaldine. 

In the reactions on the water-bath of the various 4-chloroquinoline derivatives men- 
tioned, in only one case, namely, from 4-chloro-8-methylquinaldine, was the corresponding 
hydrazine obtained; furthermore, in the sealed-tube reactions, it was observed that, if 
the temperature was raised appreciably above 150°, there was a tendency for a side reaction 
to take place in which an azo-compound was formed, and in one instance, from 4-chloro- 
5 : 7-dimethylquinaldine, the azo-compound was isolated and analysed. Otherwise atten- 
tion was mainly focused on obtaining a sealed-tube product corresponding to Marckwald 
and Chain’s isomer (II). 


EXPERIMENTAL. 


The experimental conditions for the interaction of 4-chloroquinoline derivatives and 
hydrazine hydrate were those employed by Koenigs and von Loesch (/oc. cit.) ; unless otherwise 
stated, the sealed-tube reaction was carried out at 150° for 5 hours. The sealed-tube reaction 
products all possessed similar properties; like the compound (II), they were stable in air, did 
not reduce Fehling’s solution, and were unchanged by copper sulphate in acid solution. 

Marckwald and Chain’s isomer (II), i.e., 3 : 4-diaminoquinaldine (V), crystallised from hot 
water (charcoal) in colourless plates, m. p. 122° [Found: C, 69-4; H, 6-6; M (ebullioscopic 
in acetone), 174. Cy 9H ,,N, requires C, 69-4; H, 6-35%; M, 173]. The chloroplatinate formed 
purple needles, decomp. above 300° (Found: Pt, 36-9. 2C, 9H,,N;,3H,PtCl, requires Pt, 
37-1%). 

The compound (II) was recovered unchanged when reduction was attempted with zinc 
dust and hydrochloric acid, or with red phosphorus and hydriodic acid (compare Ephraim, 
Ber., 1892, 25, 2707; 1893, 26, 2227). 

3 : 4-Diacetamidoquinaldine (VI), obtained when an acetic acid solution of the base 
(II) was boiled for a few minutes with acetic anhydride, formed colourless needles, m. p. 193° 
after recrystallisation from alcohol [Found: C, 65-4; H, 5-9; M (Rast), 256. C,,H,,0,N; 
requires C, 65-4; H, 58%; M, 257]. 
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2 : 2'~Dimethylquin(3 : 4: 5’ : 4’)iminazole (VII).—An alcoholic solution of the diacetyl 
derivative (VI) was boiled for a few minutes with a little concentrated hydrochloric acid, 
diluted with water, and made alkaline; the white solid obtained crystallised from hot water, 
in which it was sparingly soluble, in colourless needles, m. p. 100° (Found: C, 72-9; H, 5°65; 
N, 20-9. C,,H,,N, requires C, 73-1; H, 5-6; N, 211%). This quiniminazole (VII) was also 
formed by refluxing the base (II) with glacial acetic acid for 1 hour. It was unchanged by 
heating at 100° for 2 hours with 75% sulphuric acid. Methyl or ethyl alcohol, just sufficient 
for solution, was added to a cold suspension of the iminazole (VII) in water; the base separated 
as an oil on boiling and redissolved on cooling. The picrate formed yellow needles, m. p. 200° 
(Found: N, 19-9. C,,H,,N;,C,H,O,N, requires N, 19-7%); it was also formed (m. p. and 
mixed m. p.) when the diacetyl derivative (VI) was warmed with an alcoholic solution of 
picric acid. The iminazole (VII) formed an orange-coloured chloroplatinate, which crystallised 
from alcoholic hydrochloric acid in small prisms, decomp. above 300° (Found : Pt, 24-3, 7.e., M, 
195-5. 2C,.H,,N;,H,PtCl, requires Pt, 24-25%, i.¢e., M, 197). 

2-Methylquin(3 : 4: 5’ : 4’)iminazole (VIII).—The base (II) was refluxed for 1 hour with 
anhydrous formic acid, diluted with water, and made alkaline. The solid which separated 
crystallised from dilute methyl alcohol in fine colourless needles, m. p. 97° (Found: N, 22-9. 
C,,H,N; requires N, 22-95%). The picrate formed yellow needles, m. p. 210° (Found: N, 20-1. 
C,,H,N;,C,H,0O,N, requires N, 20-4%). 

Conversion of 4-Hydrazinoquinaldine (1) into the Isomer (I1).—1 G. of 4-hydrazinoquinaldine 
(I) was heated with 3 c.c. of hydrazine hydrate in a sealed tube at 150° for 5 hours and then for 
a further 5 hours at 200°. The product crystallised from water in colourless plates, m. p. 122°, 
alone or mixed with the compound (II) prepared by Marckwald and Chain’s method (oc. cit.). 

4-Hydrazino-8-methylquinaldine crystallised from alcohol in white plates, m. p. 199° (Found : 
N, 22-3. (C,,H,,N, requires N, 225%). The substance was unstable in air and gradually 
turned brown; it reduced Fehling’s solution. When it was heated with copper sulphate in 
acid solution, and the mixture made alkaline, an odour of quinoline was detected. It formed 
a sparingly soluble sulphate, m. p. 289° (decomp.), 

3 : 4-Diamino-8-methylquinaldine formed small colourless prisms, m. p. 122°, from hot water 
(Found: N, 22-5. C,,H,,;N; requires N, 22-56%). The picrate had m. p. 202° (Found: N, 
19-95. C,,H,,;N;,CsH,O,N, requires N, 20-0%). 

3 : 4-Diamino-6-methylquinaldine formed colourless needles, m. p. 153°, from dilute alcohol 
(Found: N, 221%). The picrate had m. p. 208° (decomp.) (Found: N, 20-1%). 

4-Hydroxy-5(or 7)-methylquinaldine was prepared in the usual way from m-toluidine and 
ethyl acetoacetate. The crude product was dissolved in hot dilute caustic soda solution 
and filtered; on cooling, a pale yellow solid separated, which crystallised from hot water in 
colourless plates, m. p. 255—270°. This product was apparently a mixture of 5- and 7-methyl- 
4-hydroxyquinaldine. Repeated crystallisation from dilute methyl alcohol gave a product, 
m. p. 273° (Found: C, 76-3; H, 6-3. -C,,;H,,ON requires C, 76-3; H, 635%). On distillation 
with zinc dust, a small quantity of an oil, soluble in acids and having an odour of quinoline, 
was obtained; it formed a picrate, m. p. 262°. Reference to the literature indicated that 
there is some difference of opinion as to whether the product obtained from m-toluidine by 
the Doebner—Miller synthesis is 5- or 7-methylquinaldine, and a picrate of the base is not 
described. Doebner and von Miller (Ber., 1883, 16, 2471) refer to the compound as m-methyl- 
quinaldine; so also does Rist (Ber., 1890, 23, 3483), but Decker and Remfry (Ber., 1905, 38, 
2775) consider that Rist interpreted his experimental results incorrectly, and that the compound 
is 5-methylquinaldine. 

4-Chloro-5(or ')-methylquinaldine, prepared from the above 4-hydroxy-compound by 
the action of phosphoryl chloride, was purified by steam distillation; it crystallised from dilute 
alcohol in colourless needles, m. p. 78° (Found: N, 7-6. C,H, NCI requires N, 7-4%). The 
picrate had m. p. 193° (Found: N, 14:0. C,,H, NCI,C,H,O,N, requires N, 13-8%). 

3: 4-Diamino-5(or 7)-methylquinaldine formed colourless needles, m. p. 150° from dilute 
alcohol (Found : N, 22-5. C,,H,,N; requires N, 225%). The picrate had m. p. 212° (decomp.) 
(Found: N, 20-4. C,,H,,;N;,C,H,O,N, requires N, 20-0%). 

3 : 4-Diamino-6 : 8-dimethylquinaldine, prepared in a sealed tube at 150° (10 hours) and 
at 180° (further 10 hours), crystallised from dilute alcohol in colourless needles, m. p. 140° 
(Found: N, 21:3. C,,H,,N, requires N, 21-4%). The picrate had m. p. 183° (Found: N, 
19-4. C,,H,,N;,C,H,0,N, requires N, 19-5%). 

5 : 7-Dimethyl-4-hydroxyquinaldine.—The 1:3: 5-xylidine required was prepared from 
1:3: 4-xylidine by acetylation, nitration, deacetylation, diazotisation of the sulphate with 
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methyl nitrite, and reduction with ethyl alcohol; the 1:3: 5-nitroxylene so obtained was 
reduced with iron filings and acetic acid. In this way 90 g. of 1: 3: 4-xylidine yielded 25 g. of 
1:3: 5-xylidine. The base was condensed with ethyl acetoacetate in the usual way, and con- 
verted into 5 : 7-dimethyl-4-hydroxyquinaldine which crystallised from dilute alcohol in colourless 
needles, m. p. 288° (decomp.) (Found: N, 7-5. C,,H,,ON requires N, 7°5%). Picrate, m. p. 
207° (Found: N, 13-6. C,,.H,,ON,C,H,O,N, requires N, 13-5%). 

4-Chioro-5 : 7-dimethylquinaldine, prepared from the above 4-hydroxy-compound by the 
action of phosphoryl chloride, crystallised from dilute alcohol in colourless needles, m. p. 73° 
(Found: N, 6-85. C,,H,,NCl requires N, 6-8%). The picrate had m. p. 226° (Found: N, 
12-6. C,H, ,NCI1,C,H,O,N, requires N, 12-9%). 

3 : 4-Diamino-5 : 7-dimethylquinaldine was prepared in a sealed tube at 170° (8 hours). The 
product was washed with water, dissolved in dilute acetic acid, and filtered, and the filtrate 
made alkaline with ammonia. The product, which consisted of a mixture of the diamine and 
the azo-compound, was separated into its constituents by extraction with hot water, from 
which the diamine crystallised in colourless needles, m. p. 150° (Found: N, 21-5. C,,.H,;N; 
requires N, 21-4%). The picrate had m. p. 214° (Found: N, 19-5. C,,H,;N;,C,H;O,N, 
requires N, 19-5%). 

The brown residue from the above extraction, insoluble in water, was crystallised from 
alcohol, in which it was sparingly soluble, 4 : 4’-azo-5 : 7: 5’ : 1'-tetramethylquinaldine separat- 
ing in brown needles, m. p. 250° (decomp.) (Found: N, 15:3. C,,H,,N, requires N, 15-2%). 

3: 4-Diaminoquinoline crystallised from dilute alcohol in colourless plates, m. p. 129° 
(Found: N, 26-55. C,H,N, requires N, 26-4%). The picrate had m. p. 197° (Found: N, 
21:9. C,H,N;,C,H,O,N, requires N, 21-75%). Bryd6éwna (Rocz. Chem., 1932, 12, 89) described 
a product from 4-chloroquinoline and hydrazine hydrate, m. p. 140—142°; the original literature 
not being available, it has not been found possible to ascertain the conditions employed by 
him for the reaction. 

4-Chloro-3-methylquinaldine was readily converted into 4-anilino-3-methylquinaldine 
(compare Backeberg, J., 1932, 1984) in quantitative yield; this product crystallised from alcohol 
in colourless needles, m. p. 219° (Found: N, 11-6. C,,H,,N, requires N, 11-3%). 

3 : 4-Dichloroquinaldine.—70 G. of 3-chloro-4-anilino-2-chloromethylquinoline (von Braun 
and Heymons, Joc. cit.) were dissolved in excess of glacial acetic acid, and excess of zinc dust 
added. The mixture was refluxed for 1 hour, the bulk of the acetic acid removed by distillation 
after the excess of zinc had been filtered off, and the residue diluted with water and made alkaline 
with excess of caustic soda; 3-chloro-4-anilinoquinaldine, m. p. 172°, was thus obtained in good 
yield. 5G. of this compound and 20 c.c. of fuming hydrochloric acid were heated in a sealed 
tube at 180° for 8 hours. -The resulting brown liquid was evaporated to dryness on the water- 
bath, and the residue made alkaline and steam-distilled to remove a small quantity of 3: 4- 
dichloroquinaldine. The residual liquid was filtered and neutralised; 3 g. of 3-chloro-4-hydr- 
oxyquinaldine then separated as a pale yellow solid, m. p. 340° after crystallisation from methyl 
alcohol (Found : C, 61-8; H, 4-4. Cj )H,ONCI requires C, 62-0; H, 4:1%). 11G. of the crude 
hydroxy-compound were refluxed with excess of phosphoryl chloride for 1 hour and the re- 
sulting solution was poured gradually with cooling into water, made alkaline with 50% caustic 
soda solution, and steam-distilled; the 3 : 4-dichloroquinaldine (6 g.) obtained crystallised from 
dilute alcohol in colourless needles, m. p. 67° (Found: C, 56-5; H, 3-5; Cl, 33-1. C,,H,NCI, 
requires C, 56-6; H, 3-3; Cl, 33-56%). An appreciable quantity of a high-melting solid, non- 
volatile in steam, was formed as a by-product, which was not further investigated. For 
further identification 3 : 4-dichloroquinaldine was converted into 3-chloro-4-anilinoquinaldine, 
m. p. 172° (see above). Numerous attempts to convert the dichloro-compound into 3: 4- 
diaminoquinaldine were unsuccessful (compare Ashley, Browning, Cohen, and Gulbransen, 
Proc. Roy. Soc., 1933, B, 118, 295; Das-Gupta, J. Indian Chem. Soc., 1933, 10, 114; Maier- 
Bode, Ber., 1936, 69, 1534). 

Nitration of 4-Aminoquinaldine (compare Koenigs, Kinne, and Weiss, loc. cit.).—6 G. of 
4-aminoquinaldine were dissolved in 30 g. of concentrated sulphuric acid, with gentle warming 
if necessary. The solution was cooled in a freezing mixture (the sulphate of the amine separated) 
and stirred vigorously, and 5 c.c. of nitric acid (d 1-52) added drop by drop; the sulphate gradu- 
ally dissolved to give a dark red solution. Stirring was continued for 1 hour, the temperature 
being kept below 0°; the solution was then poured on ice. An orange-coloured solid separated, 
which was filtered off and washed ; it crystallised from alcohol, in which it was sparingly soluble, 
in yellow needles, which decomposed explosively at 200° without previous melting. This 
product was 4-nitroaminonitroquinaldine (Found: N, 22-1. C,H,O,N, requires N, 22-6%). 
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On reduction with zinc and dilute sulphuric acid and neutralisation, a solution was obtained 
which reduced Fehling’s solution, owing to the formation of a hydrazine by the reduction of 
the nitroamine. 

When the filtrate from the nitroamine was neutralised, a gelatinous mass separated, which 
crystallised from alcohol in yellow plates, m. p. 276°. This was dinitro-4-aminoquinaldine 
(Found: C, 48-9; H, 3-6; N, 22-3. C,H,O,N, requires C, 48-4; H, 3-2; N, 22.6%). The 
same dinitro-4-amino-compound was obtained when the above nitroamine was dissolved in 
small portions at a time in concentrated sulphuric acid at 0°, and the solution gradually warmed 
to 50°, cooled, poured on ice, and neutralised. The dinitro-compound only was obtained if, 
after nitration as described as above, the solution was allowed to reach room temperature and 
then poured on ice. 

The reduction of dinitro-4-aminoquinaldine was carried out (a) with sodium sulphide (com- 
pare Koenigs, Bueren, and Jung, Ber., 1936, 69, 2690), a brown product, m. p. 220° (decomp.), 
being obtained, which appears to be 4-aminonitroaminoquinaldine (Found: N, 26-1. 
Ci9H O,N, requires N, 25:7%); (b) with tin and hydrochloric acid. The tin was removed 
with hydrogen sulphide, and the resulting solution evaporated to dryness on the water-bath ; 
the resulting hydrochloride crystallised from concentrated hydrochloric acid in brown needles, 
m. p. 293°. It has not been found possible to assign a structure to this compound, which dis- 
solved readily in water with an intense blue fluorescence; the free base could not be isolated 
from it (Found: C, 38-2; H, 5-3; ionisable Cl, 22-9, 22-6%). 


The authors thank Prof. H. Stephen for his interest in the work. 


UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA, [Received, March 3rd, 1938.] 





183. Studies in Dielectric Polarisation. Part XXII. The Series 
Effect on the Dipole Moments of Some Alkyl Halides in Solution. 


By Eric G. CowLEy and JAMEs R. PARTINGTON. 


The effects of induction in the polar molecule and in the solvent by the principal 
dipole of various alkyl halides have been examined and a comparison has been made 
between the theoretical predictions and the experimental moments, measured in 
benzene at 20°. It has been found that the moments of the compounds increase 
as the series of n-alkyl iodides and bromides are ascended, and that the effect is 
greater in the former series. This is probably due to differences in properties between 
the polar groups. 


THE present paper gives an account of some measurements of the dipole moments of two 
series of n-alkyl halides. The results are of interest as they give information concerning 
the influence of the series effect on solution results and, since the moments of these com- 
pounds in the vapour state are available, a comparison can be made of this effect upon 
the moments as measured in the vapour state and in solution. It formerly appeared that 
the moments of the vapours of these compounds attained a constant value in the second 
member of the series (see, ¢.g., Smyth and McAlpine, J. Chem. Physics, 1934, 2, 499) and 
a similar result was established for other series from solution measurements, ¢.g., n-alkyl 
nitriles in benzene (Part XIII, Cowley and Partington, J., 1935, 604) and the chlorides of 
n-fatty acids in benzene (Part XVI, Martin and Partington, _J-, 1936, 158). More recent 
work, however, has shown that in the vapour state several series, notably the alkyl halides, 
exhibit small increases in moment extending over more than four carbon atoms in the case 
of the iodides, when a uniform method of correction for atomic polarisation is adopted 
(Groves and Sugden, J., 1937, 158). From the earlier solution data it is impossible to reach 
any definite conclusion on the variation of the moment in the #-alkyl halide series, as no 
measurements for the whole series made under uniform conditions are available. The 
moments reported in this paper refer to alkyl bromides and iodides. The corresponding 
chlorides were not used, because the volatility of the lower members of this series, upon 
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which interest would be mainly centred, would make it difficult to work with them in solu- 
tions. Since small changes in moment were found between successive earlier members of 
these series, the »-compounds as far as the amyl member were investigated, the moment then 
being found to have reached a constant value. 

A comparison of the earlier results with those of this research is given in the table. 
The solvent and temperature are stated after each figure obtained from solution 
measurements, and the vapour results are the means of several determinations. The values 
found from solutions by the temperature method are in all probability too small,as the values 
of the atomic polarisation of alkyl halides found by this method are anomalously large 
(cf. Cowley and Partington, J., 1937, 132; Table II). The moments are expressed through- 
out the paper in Debye units. 


Solution results.* 


A 





Present results !4_ Vapour 
Compound. (B., 20°). result. 
1-35 (H., temp.t) 1 1-6 (B., 25°) 2 1-41 1-643 
1-66 (Hp., temp.) * §1-7 (B., 25°) ? 1-78 1-87 * 
1-85 (B., ) 1-84 2-01 3 

1-99 (B., 20°) 5 1-95 

1-59 (Hp., temp.) * 1-88 (B., 10°) ” en 

—_— -88 

1-93 (B., 20°) § — 

.. temp.) ® 1-91 (H., 20°) 2° 1-89 

o> 20°) * 2-12 (B.,—) ® = 

.—)? 1-94 (B., 20°) § 1-93 

iso-C,H,Br 2-20 (B., —) ® 2-09 (B., 20°) 5 2-04 
n-C,H,Br 1-81 (Hp., temp.) * 1-97 (B., 10°) 7 1-93 
n-C;H,,Br —- 1-95 

iso-C,H,,Br 1-93 (B., 20°) 5 — 
* Solvents: B. benzene; C. carbon disulphide; H. hexane; Hp. heptane. 
t+ Moment determined by the temperature method. 


1 Morgan and Lowry, J. Physical Chem., 1930, 34, 2385. 2 Williams, Z. physikal. Chem., 1928, 
A, 188, 75. % Groves and Sugden, J., 1937, 158. 4 Smyth and Stoops, J. Amer. Chem. Soc., 
1929, §1, 3312. 5 Parts, Z. physikal. Chem., 1931, B, 12, 312. ® Smyth and Rogers, J. Amer. 
Chem. Soc., 1930, 52, 2227. ? Parts, Z. physikal. Chem., 1930, B, 7, 327. 8 Smyth and Morgan, 
J. Amer. Chem. Soc., 1928, 50, 1547. ® Daily, Physical Rev., 1929, 30, 548. 10 Cowley and Par- 
tington, J., 1937, 130. 11 See also preliminary note, Cowley and Partington, Nature, 1937, 140, 1100. 


Parts’s values (loc. cit.) are in fairly good agreement with some of the present results, 
examination of which shows that there is a gradual increase in moment in the m-iodide 
series as far as the butyl compound, the moment of which is identical with that of -amyl 
iodide. isoPropyl iodide possesses a moment greater than that of its m-isomer and also of 
the higher »-compounds. An analogous result is found for the bromide series, but in this 
case the moment reaches its limiting value in the m-series at the third member, the moment 
of n-propyl bromide being practically equal to those of m-butyl and m-amyl bromides. Of 
the two propyl! bromides, the iso-compound has the greater moment. 

The increases in moment with extension of the hydrocarbon chain shown by the vapours 
are on the whole larger and continue to higher members of the series than those in solution. 
Both solution and vapour results indicate that the change in the iodide series is greater than 
in the bromide series and that this increase continues further along the chain, in spite 
of the fact that the moments of the iodides are somewhat smaller than those of the corre- 
sponding bromides. It follows that the variation of moment does not depend directly upon 
the magnitude of the principal dipole, as simple induction in the hydrocarbon chain would 
cause the increase in moment of the series to be proportional to this magnitude (cf. Smyth, 
“ Dielectric Constant and Molecular Structure,’’ 1931, p. 74). 

The total moment of a simple molecule with one polar group, dissolved in a non-polar 
solvent, can be regarded as compounded vectorially from three moments: (1) the 
primary moment of the polar bond, (2) the resultant moment produced by its effect on 
other parts of the polar molecule (radical effect), and (3) the resultant moment of the 
induction by the principal dipole in the solvent molecules (solvent effect). There would 
be, in addition, the further interaction of these moments, so the separation of these 
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effects is somewhat arbitrary, but these three factors are the major components. Since 
in the vapour state only the first two effects contribute to the resultant moment of the 
molecule, the study of the induction effect produced in an homologous series will evidently 
be simpler in that case than in solution. The solvent effect will depend upon the character- 
istics of the solvent as well as upon those of the polar molecule, particularly upon its shape. 
Methods for computing these moments have been given by Frank (Proc. Roy. Soc., 1935, 
A, 152, 171) and by Higasi (Sci. Papers Inst. Phys. Chem. Res., Japan, 1936, 28, 284). 
It has been shown that if the Shape of the polar molecule and the location and magnitude 
of its dipole are known, together with the polarisability of the solvent, then an estimate 
of the moment due to the solvent effect can be made, and in certain cases of simple molecules 
these estimates are in fairly good agreement with experimental figures (cf. Cowley and 
Partington, Part XX, J., 1936, 1184; Part XXI, J., 1937, 130). The radical effect will 
depend upon the location of the principal dipole and upon the hydrocarbon chain to 
which it is attached, and the importance of this effect is largely governed by spatial 
considerations. 

If the molecule can be treated approximately as a body of revolution, then the sign 
of the moment induced in various parts of the polar molecule depends upon the position 
of the hydrocarbon chain relative to the dipole. In those parts of the polar molecule 
falling within two cones of semi-angle 55° about the dipole axis, the induced moment 
will be in the sense of the primary moment, whereas the moment induced in the 
parts outside this space opposes it (Frank, loc. cit.). The magnitude of the moments 
induced in a solvent molecule, or hydrocarbon radical, by the principal dipole of the 
polar molecule will depend largely upon the position of the molecule, or radical, relative 
to the primary dipole. The facts that the radical is fixed and is nearer the polar 
group and that the bond moments may be modified by introduction of the hydrocarbon 
group in the polar molecule, cause a difference between the moments induced in a hydro- 
carbon radical and in a solvent molecule situated in similar positions. The moment 
induced in the radical, according to Frank’s theory, will be somewhat greater than, and 
have the opposite sign to, that induced in the solvent molecule. In the higher members 
of these alkyl series, as each additional CH, group introduces a further inflexion in the mole- 
cule (due to the carbon valency angle), the end of the chain is relatively free to rotate, 
and although this possibly causes parts of the molecule to occupy positions outside the 
cones, the bulk of the polarisable matter is added in positions such that its induced moment 
augments the primary moment. The theory shows that for molecules of the alkyl halide 
type the solvent effect is negative and so the radical effect should be positive, as is found 
by experiment. On this basis, however, the increase of moment in such homologous 
series should be proportional to the magnitude of the principal dipole and the percentage 
increase should be uniform. This conclusion is not supported either by the results for 
vapours or by those for solutions (see preceding table). The necessary approximations 
assumed in the development of the theory have been clearly stated by Frank (loc. cit., 
p. 180), and to them the discrepancy between the theoretical and experimental results may 
well be due. 

The examination of the magnitudes of the moments induced in various parts of the 
molecule, as discussed above, requires a knowledge of the location and magnitude of the 
primary dipole, the radii and polarisabilities of the atoms, and the distances between 
them. It has been suggested that the principal dipole of an alkyl halide molecule is situated 
between the carbon and the halogen nucleus at seven-eighths of the distance from the former 
(cf. Meyer, Z. phystkal. Chem., 1930, B, 8, 27; Smyth and McAlpine, J..Chem. Physics, 
1933, 1, 190), although in reality the dipole possibly has a finite length. The atomic 
radii of hydrogen, carbon, bromine, and iodine may be taken as 0-29, 0-77, 1-14 and 1-33 a. 
(Pauling, Proc. Nat. Acad. Sci., 1932, 18, 293; Pauling and Higgins, Z. Krist., 1934, 87, 
205), and their polarisabilities are 0-654, 0-984, 3-63, and 5-46 x 10-4 c.c. respectively 
(Smallwood and Herzfeld, J. Amer. Chem. Soc., 1930, 52,1919). If it is assumed that the 
primary dipole is localised in the position given above and that the distances between the 
centres of the nuclei are equal to the sum of the respective atomic radii (cf. Brockway and 
Jenkins, ibid., 1936, 58, 2036), diagrams of the alkyl bromide and iodide molecules can be 
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drawn to scale using these atomic dimensions. An isopropyl iodide molecule is represented 
in Fig. 1, in which the point M indicates the position of the primary dipole and the dotted 
lines represent the surfaces of the cones. [The hydrogen atoms are not shown in the dia- 
gram.] Itcan readily be seen that the size of the halogen atom largely determines the extent 
to which parts of the molecule lie within or without the cones of semi-angle 55°. Also the 
magnitudes of the moments induced in these parts, which either enhance or oppose the 
primary moment, will be largely dependent on the polarisability of the halogen atom, 
and in the lower members of the series the opposing moments will be induced solely in parts 
of the halogen atom (see Fig. 1, where the atoms C, and C, are in the cone of semi-angle 
55°). In the m-compounds higher than the ethyl member of the series, there is a possibility 


Fic. 1. Fic. 2. 


that part of the chain will not lie within the cones. An -butyl iodide molecule is shown 
in Fig. 2, an alternative position of the chain being indicated by the broken-line circles. 
Since, however, the distances to the remoter carbon atoms (¢.g., C, and C,) in this case 
are greater, the effect in these atoms will be smaller and will not necessarily be produced 
directly by the main dipole, but again in these higher molecules the main opposing moment 
will be located on the halogen atom. 

The difference in polarisability and size of the halogen atoms would cause the 
induced moments in the two series to differ, and reference to the figures shows that the 
extent to which the halogen atom lies outside the surfaces of the cones, in which the induced 
moments are positive, will vary with any possible alteration in the position of the primary 
dipoles. The effects produced by lengthening the chain would probably differ in the two 
series, for the reflex polarisation induced in part of the halogen atom would be very sensitive 
to the factors mentioned above, since this part of the molecule is in the region where the 
field is strongest. 

The greater increase in moment of the iodides over that of the bromides has been ascribed 
to a redistribution of the charges (Smyth and McAlpine, J. Chem. Physics, 1934, 2, 499) or 
to a modification of the lines of force on the parts of the halogen atom subtending an angle 
greater than 55° with the dipole (Groves and Sugden, Joc. cit.). On this basis the difference 
of the radical effect shown in the series of alkyl halides can be explained, and probably 
accounts for the fact that the experimental figures for the vapours of the ethyl and propyl 
compounds exceed those calculated from the moment of the methyl compound by Groves 
and Sugden (J., 1937, 1992) by means of an extension of Frank’s theory (loc. cit.). 
Allowance for the radical and the solvent effect and for the interactions between these 
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induced moments cannot be adequately made, and any quantitative calculations from 
solution results are necessarily somewhat uncertain. 

It is of interest to examine the differences in moment between successive members of 
the iodide, bromide, and cyanide series as found from measurements on the vapours and 
solutions. They are given below. 

Iodide. Bromide. Cyanide. 


Difference in — we im. P A ~ 4 ‘ 
p of compounds. Vapr. Soln. Vapr. Soln. Vapr. Soln. 


C,H, — CH, 0-23 8 0-37 14, 10 0-21 3 — 0-103 0-13 22 
n-C3H, — C,H, 0-143 0-06 11, 1 0-123 0-04 12 0-013 0-00 22 
n-C,H, — n-C,H, 0-07 8 0-04 11 0-02 2 0-00 24 0-64 8 0-00 12 
n-C.H,, — 2-CyH, og 0-00 41 = 0-02 11 — pan 

For references see preceding table; all values of from solutions relate to solutions in benzene at 20°. 

12 Cowley and Partington, J., 1935, 604. 

(In the results obtained from solutions no correction for atomic polarisation has been 
made: this will have a negligible effect on the differences given above.) 

These figures show that the respective maximum moments in these n-series are attained 
more quickly in the values determined in solution than in those found for the vapours, 
and that on the whole the variations between the moments of successive members of a series 
are smaller in the former measurements. The modification produced by the surrounding 
solvent molecules in this case apparently causes the difference. The change in molecular 
arrangement between a polar molecule dissolved in a non-polar solvent and another higher 
molecule of the same series in the same solvent would arise from the displacement of 
some solvent molecules by the hydrocarbon chain, and the variation of moment observed 
in the series would be dependent on the differences between the displaced molecules of 
solvent and the radical. Lengthening of the chain makes the shape of the molecule more 
elongated, and the solvent effect would increase somewhat as the series is ascended (cf. 
Higasi, Joc. cit.). Since in these halides the radical and the solvent effect are acting in 
opposition, the increase in the latter in passing from the lower to the higher members of 
the series would reduced the change of moment due to the radical effect alone. The 
variation in moment in the vapours is due to the radical effect only, and hence the changes 
in moment between successive members of these series should be smaller in solution than 
in the vapour state, a result confirmed by experiment. 

The moments measured in solution clearly show the difference between the radical and 
the solvent effect. The second influence is considerably greater in the n-alkyl cyanides than 
in the iodides and bromides, the reduction in the last two series being approximately the 
same, since the solvent effect is largely dependent on the orientation polarisation. The 
actual variation between the methyl and the u-butyl member of the iodide series exceeds 
that between the corresponding cyanides, and the percentage increase is greater in the 
former. In this connexion it must be remembered that the principal dipole in the cyanides 
is situated at approximately 0-6 A. further from the growing hydrocarbon chain (Part XIII, 
loc. cit., p. 609), but the difference in inducing dipole in the two series more than outweighs 
this greater distance. The differences between the moments found for acetonitrile and 
methyl iodide in the vapour state and in benzene solution are 0-5 and 0-2, whereas the 
excesses of the limiting values of the n-series over those of the methyl compounds in solu- 
tion are 0-1 and 0-5 respectively. These facts can be most easily explained by the greater 
polarisability of the iodine atom than that of the cyano-group. 

It seems that the chief factors governing the inductive effect in the polar molecules 
of these series are the characteristics of the polar group. The polarisability and the size 
of the group are important properties and, in the compounds examined, the larger polaris- 
ability and the greater size of the group both tend to increase the moment of the molecule 
as the series is ascended. 











EXPERIMENTAL. 

Measurement of Dielectric Constants and Densities.—The solutions of the substances were 
prepared in the glass vessels, and the dielectric constants and densities were measured in the 
glass dielectric cell containing platinum plates and the pyknometers, described in Part XX (J., 
1936, 1184). The electrical circuit was that of Parts XII and XIII (J., 1935, 602). 
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material dried over sodium and fractionated. 
Methyl, ethyl, isopropyl and n-butyl iodides were from Kahlbaum, and »-propyl 


and u-amyl iodides were from B.D.H. and Fraenkel and Landau, respectively. The purest 


lodides. 


grades in each case were used and were carefully purified. 





Part XXII. 


Preparation of Materials —Benzene, used as solvent, was Kahlbaum’s “ thiophen-free ” 






In the case of the lower members of 


the series, the specimen was shaken with dilute sodium carbonate solution, washed repeatedly 


with water, and dried over anhydrous calcium chloride. 
for a day and then fractionated twice through a long column. 


It was left over phosphoric oxide 
The treatment of the higher 


members of the series, which were originally slightly coloured, was similar except that the com- 
pound was shaken with mercury and fractionated under reduced pressure (cf. Brown and 
Acree, J. Amer. Chem. Soc., 1916, 38, 2149; Smyth and McAlpine, J. Chem. Physics, 1934, 2, 


499). The physical constants of the materials used are given below. 
Iodide. B. p. De’. np . 
BND snsticedisoesieriiiccessvin 42-1°/746 mm. 2-2781 1-5316 
SUNIL Scnin'ochaitsbepsledebieitisaedia’ 71-6/744 1-9358 1-5136 
NS PRR aE 102-3/763 1-7390 1-5041 
SINE - hsininiiiibedinsets 89-3/757 1-7037 1-4988 
CUETE  secccsccsscevescrseccess 129-2/749 1-6156 1-4998 
GAETE  cecnccctvaccatssscwnses 153-5—154-0/747 1-5176 1-4966 


Bromides. 


The sources of the materials were: 


[Rild - 
19-29 
24-24 
28-95 
29-31 
33-49 
38-18 


n-propyl and n-butyl from Kahlbaum, 


isopropyl from Fraenkel and Landau, and -amyl bromide from B.D.H. The method of 
purification of these compounds was that used for the iodides, and their physical constants 


are given below. 


Bromide. 


SOR eee eee ee eeeeeeeee 


OPP ee eee ECE SOO OOOO O SS 


B. p. DP’. 
--  71-0°/769 mm. 1-3536 
-- 691/762 1-3193 
.. 101-2/754 1-2758 
.- 126-5—127-0/759 1-2177 


nD » 

1-4339 
1-4255 
1-4400 
1-4448 


[Ri]> - 
23-65 
23-86 
28-30 
33-00 


Results —The symbols have their usual significance and the values of the moments are 


calculated from the differences (P,.. — Px). 
various halides in benzene at 20°. 


Compound. Poa tt. PR Ce. 
CEBAE  descevevccoseseses 61-5 19-3 
8 Sere rere 90-8 24-2 
a ae 101-0 28-9 
$50-CgHyI  .....cceeees 109-5 29-3 
n-C,H,I Ceccccccccccece 105-0 33-5 

Se €. DE. Pg, c.c. 

Methy] iodide. 
0-:000000 2-281 00-8790 26-58 
0010582 2-313 0-8895 26-95 
0022089 2-347 0-9007 27-35 
0-032222 2-378 0-9106 27-70 
0-041910 2-407 0-9201 28-02 


Py, Cc. 


Py. = 61:5 c.c.; Pg = 19-3 c.c.; 
Pao — Pr = 42:2 c.c.; p = 1-41. 


0-000000 
0-010836 
0-021717 
0-031634 
0-042074 


Pre 
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0-000000 
0-011254 
0-022352 
0-032599 
0-044458 
Pro 
Pro 


n-Propyl iodide. 


2-279 0-8788 
2-332 08889 
2-384 0-8990 
2-431 0-9082 
2-481 0-9178 


26-56 
27°35 
28-12 
28-80 
29-51 


eco 
ee 
Om C1 OO 


= 101-0 c.c.; Pg = 28-9 c.c.; 


— Pg = 72-1 c.c.; p = 1°84. 


n-Butyl iodide. 
2-280 0-8789 
2-335 0-8895 
2-389 0-8997 
2-439 0-9092 
2-497 0-9198 


26-57 
27-44 
28-30 
29-07 
29-96 


104-2 
104-1 
103-2 
102-8 


= 105-0 c.c.; Pg = 33-5 c.c.; 


— Pg = 71-5c.c.; p = 1-88. 


Compound. Pun te Pe, 6s pe 
Wl esE  cctcsccsines 109-7 38-2 1-88 
Wa eEE: ccccscccesse 102-8 23-6 1-93 
tso-C,H,Br ............ 112-2 23-9 2-04 
~ & “Sypecenenn 107-4 28-3 1-93 
9-CoHI  BE ..cccccccses 113-7 33-0 1-95 
Se €. DP. Py, c.c. Py, c.c. 
Ethyl iodide. 
0-000000 2-280 0-8789 26-57 = 
0-010774 2-329 00-8892 27-25 89-6 
0-020973 2-375 00-8990 27-87 88-5 
0-031101 2-420 0-9087 28-46 87-4 
0-040975 2-464 00-9180 29-04 86-8 
P3.. = 90°8 c.c.; Pg = 24-2 c.c.; 
Poo — PE = 66-6 c.c.; wp = 1-78, 
isoPropyl iodide. 
0-000000 2-279 0-8788 26-56 —_ 
0-010971 2-339 0-8888 27-46 108-5 
0-020938 2-395 0-8979 28-28 109-0 
0-031272 2-453 0-9073 29-11 108-3 
0041500 2-510 0-9166 29-91 107-4 
Ps. = 109-5 c.c.; Pg = 29°3 c.c.; 
Poo — Pe = 80-2 c.c.; p = 1-95, 
n-Amy] iodide. 
0-:000000 2-281 0-8792 26-57 —_— 
0-011501 2-337 0-8897 27-53 109-7 
0-023018 2-393 0-9000 28-48 109-6 
0-044813 2-503 0-9194 30-29 109-6 
Pye = 109-7 c.c.; Pg = 38-2 c.c.; 
Pao — Pg = 71-5 c.c.; p = 1-88. 


All the following results relate to solutions of the 
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Sy €. Dz . Ps, c.c. P, c.c. i €. De. Pp, c.c. P,, c.c. 
n-Propyl bromide. tsoPropyl bromide. 
0:000000 2-277 0-8792 2652 - — 0000000 2-279 0-8788 26-56 _ 
0010335 2-331 0-8842 27:30 102-2 0-010693 2-343 0-8836 27-49 111-9 
0-020348 2-383 0-8890 2804 101:3 0-021383 2-407 0-8886 2839 112-4 
0:030390 2-436 0-8937 28-78 100-8 0031177 2-468 0-8932 29-23 112-4 
0040377 2-487 0-8984 29-47 99-7 0:041754 2-531 0-8981 30-08 110-9 
P,.. = 102-8 c.c.; Pg = 23°6 c.c.; Peo = 112-2 c.c.; Pg = 23-9 c.c.; 
Pao — Pa = 79-2 c.c.; p = 1-93. Poo — Pz = 88-3 .c.; p = 2-04. 


n-Butyl bromide. n-Amyl bromide. 

0:000000 2-280 08789 26-57 — 0000000 2-281 0-8790 26-58 — 
0-011203 2-338 00-8843 27-47 106-8 0012131 2-346 0-8845 27-66 113-6 
0-021696 2-392 0-8892 28-29 105-8 0-024399 2-411 0-8898 28-71 114-1 
0-032839 2-451 08944 29:16 105-6 0035077 = 2-468 «= «00-8945 29-62-1133 
0-043382 2-504 0-8992 29-94 105-6 

Pao = 107-4 ¢.c.; Pg = 28°3 c.c.; Peo = 113-7 c.c.; Pg = 33-0 c.c.; 
— Pg = 79-1 c.c.; p = 1-93. Poo — Pr = 80-7 c.c.; wp = 1-95. 
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184. The Mobility of Groups containing Sulphur. Part V. 
By Davip T. GrBson. 


In Part IV (J., 1937, 1509) it was shown that the introduction of a thioalkyl 
(or thioaryl) group into a reactive methylene compound is influenced by the character 
of the various groups R. : 

alkali 
R:SO,’SR’ + CH,R”R’’ ———> R-‘SO,Na + SR"-CHR”R’” 
(Dextro-.) (Lzvo-.) 

The effect of the group SR’ has now been further examined, the reaction being 
followed polarimetrically as before, and it is shown that the conjugation of the lone 
pair of electrons on the entering sulphur atom with the double bond of the (enolised) 
substitution product, e¢.g., R—S—C(CO-CH,)—C(OH) *CH;, acts as a favouring, but not 
essential, factor in the reaction. 


It has been shown (McClelland, J., 1929, 1590; Cohen and Smiles, J., 1930, 406; Arndt and 
Martius, Amnalen, 1932, 499, 257; Arndt, Martin, and Partington, J., 1935, 602) that in 
cyclic systems the free valency electrons of sulphur may be considered as a source of 
electrons tending to increase the negative character of carbonyl oxygen and thus favouring 
enolisation, with the consequent development of conjugation between the lone pair of the 
sulphur atom and the ethylene bond. A similar effect obtains with non-cyclic systems, for 
acetonyl alkyl sulphides, but not sulphones, yield cyanohydrins (Delisle, Annalen, 1890, 
260, 252) and react with alkyl nitrate (Arndt and Rose, J., 1935, 4). 

Now, since Arndt and Eistert (Ber., 1936, 59, 2385) have suggested that the driving force 
in the Claisen condensation is the tendency to develop a conjugated system, it seemed 
possible that the introduction of thioaryl (or thioalkyl) groups into compounds containing 
reactive methylene groups (Brooker and Smiles, J., 1926, 1723) would be also facilitated by 
the tendency for the system R—S—C(CO’CH;)—CR:OH to be formed. On the other hand, 
Hauser and Renfrow (J. Amer. Chem. Soc., 1937, 59, 1823) have effected condensation with 
an ester in which a conjugated intermediate product cannot easily be imagined, and bis- 
sulphonylmethanes, where conjugation is impossible (Arndt and Martius, Joc. cit., p. 236), 
have been shown to be substituted with velocity comparable with that of enolisable com- 
pounds (Part IV; Gibson, J., 1937, 1509); moreover, cyano-derivatives, which do not 
enolise extensively (Arndt, Scholz, and Frobel, Annalen, 1935, 521, 111), are among the 


most rapidly substituted (Fig. 6). 
38 
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Further, Brooker and Smiles (loc. cit.) showed that a second thioaryl substituent enters 
deoxybenzoin (I) so much more rapidly than the first that they were unable to isolate (II) ; 
1.¢., a substituent may enter even if it involves the disappearance of conjugation (cf. 
McClelland and Longwell, J., 1923, 123, 3312). By using a milder alkaline medium, (II) 
has now been isolated (Expt. 1), whereas stronger alkali affords (III). Fig. 1 illustrates the 


Fic. 1. 
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j ; . Bis(ethylsulphonyl) methane. 
— = . Ethyl acetoacetate. 
Sodium formate . Methylacetylacetone. 
a - p-Toluenesulphonylacetone. 


A. Bis(ethylsulphonyl)methane. oo 
B. Ethyl acetoacetate. Solvent { P. Pyridine. 
D. p-Toluenesulphonylacetone. A. Alcohol. 


effect of pq on the rates of reaction of deoxybenzoin with various compounds in presence 
of sodium propionate, acetate, or formate (decreasing alkalinity) (Expt. 4). 











‘SR 
CeHs°CHy'C-CgH, C.Hs-C—C-C,H 5 CgH;-C—C-C,H, 
- O RS: OH RO 


(II; conjugated.) (III; not conjugated.) 


(I; not conjugated.) 

Finally, attempts to transfer a thioaryl group from a substituted bis-sulphonylmethane 

to acetylacetone were unsuccessful (Expt. 2); and the thioalkyl- (or thioaryl-) sulphonyl- 
acetones did not give colour reactions with ferric chloride. 

Nevertheless, the following considerations indicate that a ‘‘ Konjugations-bestreben ”’ 

effect, though secondary, is perceptible. Methylene derivatives which undergo the Smiles- 
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Brooker substitution may be divided into four types: (a) bis(ethylsulphonyl)methane, 
() ethyl acetoacetate, (c) ethyl methylacetoacetate, (d) phenylsulphonylacetone; in these, 
the possibility of conjugation by thioarylation may be regarded as respectively (a) nil, (b) 
increased, (c) eliminated, (d) introduced. Now, since pyridine is a solvent which favours 
enolisation (Meyer, Ber., 1912, 45, 2843), it may be expected that, if rates of substitution in 
alcohol and in pyridine are compared, type (d) will show the greatest increase and types (a) 
and (c) the least (Expt. 3) (see Fig. 2). It is somewhat surprising, however, that even with 
methylacetylacetone, one of the most enolised of alkylated keto-enol compounds, there is 
some increase with pyridine. The several curves, omitted for clarity, are practically 
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Fic. 3. Pyridine solution. A. Bis(ethylsulphonyl) methane. 
Fic. 4. Alcoholic solution. D. p-Toluenesulphonylacetone. 


coincident with those of bis(ethylsulphonyl)methane. Again, since the monomethylated 
derivatives corresponding to (a), (b), and (d) on thioarylation lose the hydrogen necessary 
for enolisation, it is evident that, if comparison be made between the rates of thioalkylation 
of (a), (b), (d) and of their respective methyl] derivatives, the difference will be least between 
(a) and its methyl] derivative, since with both conjugation is nil; it will be greater between 
(b) (increasing conjugation) and its methyl derivative (eliminated) ; and greatest between 
(d) (conjugation introduced) and its methyl derivative (nil). The differences will be more 
pronounced in pyridine (Fig. 3) than in alcohol (Fig. 4). 

Lastly, comparison may be made between two thiosulphonic esters, viz., methyl and 
2 : 5-dichlorophenyl camphorthiolsulphonates. The rates of reaction in acetone (Expt. 5) 
show that the group S‘C,H,Cl, always enters more rapidly than ‘SMe even when the possi- 
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bility of conjugation is absent, but it will be observed (Fig. 5) that this superiority is least 
marked with -toluenesulphonylacetone, with which substitution connotes the development 
of conjugation. In view of the relative strengths of acetic and dichlorobenzoic acids, it is 
to be expected that a conjugated system will be formed by MeS: more readily than by 
C,H,Cl,"S*. In Fig. 6 are collected several curves relating to substances supplementary to 
the previous paper (Part IV, doc. cit.). In this connexion, it is particularly significant for 
the idea of optimum activation that, whereas all the related disubstituted methanes under- 
go reaction, neither #-toluenesulphonyl-«-cyanoacetone nor #-toluenesulphonyl-«-cyano- 
acetic ester shows any reaction (Expt. 6). 

The possibility of a more general method of exploring this reaction is opened up by the 
observation that, whereas Connor’s mercuric chloride test for active methylene (J. Amer. 
Chem. Soc., 1936, 58, 1132, 1387) is given by the 
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5° a / “ EXPERIMENTAL, 
“ | Expt. 1—Brooker and Smiles, using sodium 
a ethoxide, found that deoxybenzoin reacted so readily 
0-80 L—T 3 | with disulphoxides that the mono-substitution 
a product could not be isolated, only the di-derivative 
aA being obtained. With chloroanisyl disulphoxide, in 
100° presence of sodium acetate, however, the mono- 
0 2 4 6 chloroanisylthiodeoxybenzoin, m. p. 100°, has now 
Hours been obtained. It was converted by 2:5 dichloro- 
1. Malononitrile. phenyl disulpho:.ide and sodium ethoxide into the 
2. Toluenesulphonylnitromethane. di-derivative, m.p. 170°, described by Brooker and 
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nil i ical atin ela thicbis{aryleulphoxyljmmethanes - dene we 


sodium acetate gave no trace of 2 : 5-dichlorophenylthioacetylacetone. 

Expt. 3.—Solutions contained each reactant n/20 in aqueous alcohol (1 : 4) or aqueous pyrid- 
ine (1 : 4) with sodium formate. 

Expt. 4.—n/20-Solutions in 95% alcohol were used, containing severally sodium propionate, 
acetate, or formate. 

Expt. 5.—n/20-Solutions were used in 85% acetone, with sodium acetate; with sodium 
formate there was practically no reaction at all. In 80% pyridine, reaction goes easily with 
sodium formate, but the differences are masked by solvent effect. In acetone, the rotation of 
methyl camphorthiolsulphonate changes from + 1-30° to — 0-50°, and that of the dichloro- 
phenyl ester from + 0-65° to — 0-50°. 

Expt. 6.—p-Toluenesulphonylnitromethane (Arndt and Rose, J., 1935, 8) is very conveniently 
(contrast Troger and Nolte, J. pr. Chem., 1920, 101, 143) obtained by warming (undistilled) 
bromonitromethane and sodium p-toluenesulphinate for a short time in alcohol. -Toluene- 
sulphonyl-cyanoacetone and -cyanoacetic ester, prepared as Arndt, Scholz, and Frobel suggested, 
are conveniently freed from less acidic products by extraction with sodium formate solution 
instead of bicarbonate; these were tested for reaction in 95% alcohol with sodium acetate. 


The author acknowledges the very valuable comments of Professor F. Arndt. 
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185. The Synthesis of Compounds related to the Antirachitic Vitamins. 
aB-Di-A1-cyclohexenylethylene. 
By G. NORMAN BURKHARDT and NATHAN C, HINDLEY. 


aB-Di-A!-cyclohexenylethylene (V1) has been obtained in good yield by the removal 
of acetic acid from «a -di-l-acetoxycyclohexylethylene (V), which was prepared from 
«B-di-l-hydroxycyclohexylacetylene (IV) by acetylation and hydrogenation. This 
series of reactions provides a method for the synthesis of substances containing the 
conjugated triene system which corresponds with that in the most favoured of the 
possible structures for tachysterol (cf. II), the immediate photochemical precursor of 
calciferol (vitamin D,). 

«8-Di-A!-cyclohexenylethylene (VI) cyclises on heating at 255° and the product is 
dehydrogenated by selenium to give phenanthrene. This is apparently a new method 
for the formation of hydrophenanthrene derivatives and may be of particular signi- 
ficance in relation to the photochemical opening of sterol ring systems. 

«8-Di-l-hydroxycyclohexylethylene [of which (V) is the diacetate] is readily de- 
hydrated by acid reagents, but, instead of forming the triene, it loses one molecule of 
water with the formation of a five-membered oxide ring in «8-dicyclohexylethylene 1 : 1'- 
oxide (VII). 

The preparation of a-l-hydvoxy-2-methylcyclohexyl-B-1-hydroxycyclohexylacetylene, 
a typical unsymmetrical acetylenediol, by the condensation of 1-ethinylcyclohexanol 
(III) with 2-methylcyclohexanone was carried out through the Grignard reagent and 
directly with sodamide. With potassium #ert.-butoxide as condensing agent, some 
aB-di-1-hydroxy-2-methylcyclohexylacetylene was obtained, indicating fission of the 
1-ethinylcyclohexanol. It is concluded that the condensation of ketones with acetylene 
derivatives is reversible in presence of potassium /ert.-butoxide under the conditions 


used. 


PARALLEL with experiments on the synthesis of substances having the conjugated triene 
system of calciferol (I) (Aldersley and Burkhardt, this vol.; p. 545) we have investigated 
methods for the preparation of compounds containing the isomeric triene system (II), 
which Lettré first considered to be present in tachysterol (Annalen, 1934, 511, 287) and 
which is now favoured amongst the alternative structures for that sterol (Z. physiol. 
Chem., 1938, 252,151). Whatever constitution is assigned to tachysterol, the system (IT) 


CoH, 


I. 
* e* Oz Cras neon) 
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HO cH 


\cuZ 


(IV.) (VI.) 


is of interest in relation to the photochemical opening of sterol structures and the 
isomerisation of the products. 
For the preparation of «$-di-1-hydroxycyclohexylacetylene (IV), acetylene and cyclo- 
_ hexanone were first condensed in presence of sodium or potassium #ert.-butoxide to form 
1-ethinyleyclohexanol (III) (compare Pinkney, Nesty, Wiley, and Marvel, J. Amer. Chem. 
Soc., 1936, 58, 974). By further condensation of (III) with cyclohexanone in presence 
of potassium #ert.-butoxide in boiling ether, (IV) was produced in good yield. Sodamide 
proved a less satisfactory condensing agent. 
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By acetylation of the acetylenediol (IV) and partial hydrogenation of the diacetate 
in contact with a palladium catalyst on calcium carbonate, we obtained «$-d1-1l-acetoxy- 
cyclohexylethylene (V), which, on heating with copper powder at 145—150°, lost acetic 
acid to form dicyclohexenylethylene (VI), which was obtained as a crystalline solid, 
m. p. 29°. The diacetate of (IV) and the saturated diacetate obtained from it by 
complete hydrogenation do not undergo appreciable decomposition in contact with copper 
powder below 180°. 

The absorption spectrum of (VI) is very characteristic (fig.) and shows three strong 
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Absorption spectrum of aB-di-A'-cyclohexenylethylene in alcohol. 


bands: A = 2595, 2690, 2810 A.; &gg99 = 42,600. These bands are to be compared with 
those shown by tachysterol, 4 = 2680, 2800, 2940 A., e,.9) = 22,900, and calciferol, 
2 = 2650 a., e = 18,100. The absorption spectrum of «$-di-A1-cyclohexenylacetylene, 
prepared by the method of Pinkney, Nesty, Pearson, and Marvel (J. Amer. Chem. Soc., 
1937, 59, 2666), showed a similar spectrum but with the three bands not clearly resolved, 
Amax. = 2640 A., fo¢49 = 17,300. This material absorbed 3-8 molecular proportions of 
hydrogen in contact with platinum. 

Dicyclohexenylethylene (VI) was heated at 255° under nitrogen and the intensity of 
absorption fell to egg99 = 12,600, a viscous liquid remaining. Dehydrogenation of this 
by means of selenium at 290—320° gave phenanthrene (hydrocarbon and its picrate showing 
no depression of m. p. with corresponding authentic specimens). The nature of the 
cyclised product is being examined further, particularly in view of the interesting possi- 
bility that it has a diene structure corresponding to those of ergosterol and lumisterol, 
in which case this cyclisation may correspond with the reversal of the photochemical 
opening of the ring structure of lumisterol to give tachysterol (cf. Lettré, Joc. cit.). 

The acetylenediol (IV) was hydrogenated practically quantitatively in contact with 
a palladium catalyst on calcium carbonate to a single isomeride of «$-di-1-hydroxycyclo- 
hexylethylene, _m. p. 153°, corresponding with that obtained by Salkind (J. Gen. 
Chem. U.S.S.R., 1935, 5, 1723) and more recently by Pinkney, Nesty, Pearson, 
and Marvel (/oc. cit.). This readily undergoes dehydration with a variety of reagents, 
but instead of the anticipated triene (VI) an excellent yield was obtained of a 
neutral liquid, C,,H,,O, b. p. 116—118°/10 mm. This compound did not form a dinitro- 
benzoate or a phenylurethane and showed no active hydrogen in the Zerewitinoff estim- 
ation. It readily took up 2 molecular proportions of hydrogen in contact with a platinum 
catalyst, but showed no selective absorption. It is considered to be «$-dicyclohexylethylene 
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1: 1’-oxide (VII) and gives a crystalline dibromide, C,,H,,OBr,, m. p. 96°. The formation 
of the oxide (VII) resembles that of «§-dibromo-«$-dicyclohexylethylene 1 : 1’-oxide, 
which was obtained by Salkind (loc. ‘cit.) by the action of bromine on the acetylenediol 
([V), and forms another example of the remarkable ease with which internal ethers are 
formed from ethylenediols of this type. 

The action of thionyl chloride and pyridine on «8-di-1-hydroxycyclohexylethylene gives 


Oe)  OxaxzeO 


(VIL) (VIII.) 


a neutral su/phurous ester, m. p. 83°, for which the formula (VIII) is suggested. It is 
hydrolysed to the original diol by alkali. 

The preparation of «-(2#methylcyclohexenyl)-8-cyclohexenylethylene and «-di-2-methyl- 
cyclohexenylethylene by similar methods is under investigation. A mixture of stereoiso- 
merides of «-1-hydroxy-2-methylcyclohexyl-B-1-hydroxycyclohexylacetylene was obtained by 
the Grignard method (Pinkney, Nesty, Wiley, and Marvel, Joc. cit.) and a similar mixture 
was obtained by the two-stage method outlined above with sodamide as condensing 
agent, methylcyclohexanone being used in the first stage and cyclohexanone in the second 
and vice versa. From all three products the same isomeride of «-1-hydroxy-2-methyl- 
cyclohexyl-8-1-hydroxycyclohexylacetylene, m. p. 97-5°, was isolated by crystallisation. 
When potassium ¢ert.-butoxide was used as condensing agent, however, the mixture of 
acetylenediols produced had a higher melting point and from this «-di-1-hydroxy-2-methyl- 
cyclohexylacetylene, m. p. 149°, was isolated, and compared with that obtained by the 
condensation of 2-methylcyclohexanone with acetylene with either sodamide or potassium 
tert.-butoxide as condensing agent. This redistribution of the ketonic components used 
in the two stages of this synthesis suggests that the combination of ketones with acetylene 
derivatives, in presence of basic catalysts, is a reversible reaction resembling cyanohydrin 
formation in certain respects. The synthetic reaction presumably takes place between 


the ketone and the ion of the acetylene derivative, notwithstanding the common procedure 
of treating the sodio-derivative of the ketone with acetylene. 


EXPERIMENTAL. 


«aB-Di-1l-hydroxycyclohexylacetylene.—1-Ethinylcyclohexanol (62 g.), prepared from cyclo- 
hexanone and acetylene as described by Pinkney, Nesty, Wiley, and Marvel (J. Amer. Chem. 
Soc., 1936, 58, 974), with cyclohexanone (53 c.c.) in anhydrous ether (100 c.c.) was added during 
1 hour to a boiling suspension of potassium #ert.-butoxide (from potassium, 20 g., and anhydrous 
tert.-butyl alcohol, 350 c.c., in ether, 300 c.c.). At half time the reaction mixture was clear 
and yellow, but solid was again precipitated before the addition was complete. After refluxing 
for a further 6 hours, the product was decomposed with dilute sulphuric acid, and the ethereal 
layer washed with water and dried. Removal of solvent left a clear yellow viscous oil, which 
gave af-di-1-hydroxycyclohexylacetylene, m. p. 109°, on treatment with benzene-light petroleum 
and recrystallisation from this solvent (yield, 70%). 

«8-Di-1-acetoxycyclohexylacetylene.—This was obtained by acetylating the acetylenediol 
(Rupe, Messner, and Kambli, Helv. Chim. Acta, 1928, 11, 449) and purified by distillation 
(130—135°/0-5 mm.) and recrystallisation from light petroleum; m. p. 47° (Found: C, 70-7; 
H, 8-7. Calc. for C,,H,,0O,: C, 70-6; H, 8-6%). 

Hydrogenation.—The diacetate (60 g.) was hydrogenated in methyl alcohol with a palladium 
catalyst on calcium carbonate until 1 mol. of hydrogen had been absorbed. Control experi- 
ments indicated a marked fall in the rate of absorption after this. Removal of the catalyst 
and solvent, followed by distillation, gave a nearly quantitative yield of «$-di-1-acetoxycyclo- 
hexylethylene as a colourless oil, b. p. 143—145°/1 mm. (Found: C, 70-3; H, 9-3. C,H ,0, 
requires C, 70-1; H, 9:2%). Hydrolysis of a small portion of this product with alcoholic 
potassium hydroxide gave «$-di-1-hydroxycyclohexylethylene, m. p. 153° (90% of the theoretical 
yield). 

aB-Di-A!-cyclohexenylethylene.—aB-Di-l-acetoxycyclohexylethylene (58 g.) was heated with 
copper-bronze (10 g.) for 2 hours at 145—150°/30 mm., and the acetic acid formed (80% of 
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theoretical) distilled off. The dark reddish liquid residue was taken up in ether, filtered from 
copper, and washed with dilute sodium bicarbonate solution and water. After drying and 
removal of solvent the residue was fractionated at 1 mm., and gave a colourless main fraction 
(29 g.), b. p. 110—115°/1 mm. Recrystallisation from methyl alcohol, with cooling to — 15°, 
gave the triene as a crystalline solid, m. p. 29° (Found: C, 89-6; H, 10-5. C,,H3. requires 
C, 89:3; H, 10-7%). A quantitative hydrogenation with a platinum oxide catalyst in acetic 
acid gave a value corresponding to 3-01 double bonds. A very characteristic triplet absorption 
spectrum (fig.) is obtained. Intensity measurements also showed that the liquid distillate 
before recrystallisation contained 80% of this absorbing component. «a -Di-A!-cyclohexenyl- 
ethylene loses its crystalline form in air and changes to a colourless sticky oil; it instantaneously 
absorbs bromine, giving a dark oily product which has not been obtained crystalline. 

Cyclisation. «®-Dicyclohexenylethylene (5 g.), heated at 255° for 4 hours in nitrogen, gave 
a viscous, pale yellow oil showing two maxima in its absorption spectrum, 4 = 2600—2700 
and 2800 A., eog99 = 12,600 (cf. egg99 = 42,600 originally). No crystalline material was obtained 
by treatment with solvents. Without further purification the pro@uct (4 g.) was dehydrogen- 
ated with selenium (9 g.) for 48 hours at 290—320°. Ether extracted a dark oil, which, on 
heating at 70°/0-008 mm. for 4 hours, gave a white crystalline sublimate, m. p. 97°. Re- 
crystallised from alcohol, this gave no depression in m. p. with an authentic sample of phenan- 
threne, nor did the corresponding picrates, m. p. 143°. 

Dehydration of «B-Di-1-hydroxycyclohexylethylene.—This was brought about by refluxing 
the diol (19-5 g.) for 2 hours with saturated oxalic acid solution (200 c.c.). The product was 
extracted with ether, and the extract washed with sodium bicarbonate solution and dried. 
After removal of solvent, distillation of the residue at 10 mm. gave a liquid (17-4 g.), b. p. 116— 
118°/10 mm. (Found: C, 81:2; H, 10-8. C,,H,,O requires C, 81-5; H, 10-75%) (yield, 
97% of the theoretical). Quantitative hydrogenation gave a value corresponding to 2-0 double 
bonds, but the compound exhibited no selective absorption in the ultra-violet region, nor would 
it condense with maleic anhydride. Attempts to prepare a 3 : 5-dinitrobenzoate and a pheny]l- 
urethane were unsuccessful and a Zerewitinoff determination gave a zero value for the per- 
centage of active hydrogen. We conclude that this is «8-dicyclohexylethylene 1 : 1'-oxide (VII), 
the oxide ring opening on hydrogenation. By the action of bromine in chloroform or of bromine 
water, a solid dibromide was obtained, m. p. 96° (from alcohol), which is considered to be 
af-dibromo-aB-dicyclohexylethane 1: 1'-oxide (Found: C, 45-8; H, 6-3; Br, 43-9. C,,H,,OBr, 
requires C, 45-9; H, 6-1; Br, 43-7%). The addition in chloroform takes place very readily 
in sunlight. Dehydration of «$-di-1-hydroxycyclohexylethylene was not effected by distillation 
at atmospheric pressure either alone or with alumina or thoria. Treatment with potassium 
hydrogen sulphate at 140°, or with catalytic amounts of iodine at 160° or with phosphorus 
tribromide in pyridine all yielded the same mono-dehydration product as was obtained with 
oxalic acid, characterised as the dibromide. 

Action of thionyl chloride. Thionyl chloride (7-2 c.c.) was added to «8-di-1-hydroxycyclohexyl- 
ethylene (10 g.) in anhydrous ether and excess of dry pyridine with stirring at 0°. After 
standing overnight, ice-water was added, the mixture extracted with ether, and the extract 
washed successively with dilute hydrochloric acid, dilute sodium bicarbonate solution, and water. 
Removal of solvent and recrystallisation of the residue gave a white crystalline product (6 g.), 
m. p. 83°. On alkaline hydrolysis it gave «$-di-1-hydroxycyciohexylethylene, m. p. 153°. It 
is considered to be the neutral cyclic sulphurous ester (VIII) [Found: S, 11-9; M (Rieche 
method), 268. C,,H,,0,S requires S, 119%; M, 270]. 

Homologues of af-Di-1-hydroxycyclohexylacetylene.—2-Methy]-1-ethinylcyclohexanol was 
prepared by the method of Cook and Lawrence (this vol., p. 58) and isolated by steam distil- 
lation. The product, b. p. 69—71°/10 mm., solidified at room temperature and crystallised 
from light petroleum in hard needles, m. p. 57° (Found: C, 78-0; H, 10-3. Calc. for C,H,,0: 
C, 78-2; H, 10-2%). The non-steam-volatile portion of the reaction product distilled at 181— 
183°/8 mm. and solidified on cooling, m. p. 108—125°. This solid was presumably a mixture of 
isomers of «(-di-1-hydroxy-2-methylcyclohexylacetylene, as only after several recrystallisations 
from petrol and dilute methyl alcohol was constant-melting material obtained. From the latter 
solvent fine white needles were obtained, m. p. 149° (Found: C, 76-4; H, 10-4. C,,H,,O, 
requires C, 76-75; H, 10-5%). 

For comparison this isomer was also isolated from the non-steam-volatile portion of the 
reaction product obtained by condensing 2-methyl-l-ethinylcyclohexanol with 2-methyleyclo- 
hexanone, sodamide being used as condensing agent as described for a-l1-hydroxy-2-methyl- 
cyclohexyl-6-1-hydroxycyclohexylacetylene. 
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When 1-ethinylcyclohexanol was condensed with 2-methylcyclohexanone, potassium f#ert.- 
butoxide being used as condensing agent, under the conditions used for the preparation of 
a8-di-l-hydroxycyclohexylacetylene, thé non-steam-volatile portion of the product had D. p. 
179—182°/10 mm. and melted at 75—86°. Repeated recrystallisation gave fine needles, 
m. p. 149°, not depressed by «f-di-1-hydroxy-2-methylcyclohexylacetylene obtained by the 
above unequivocal methods (Found: C, 76-9; H, 10:3. Calc. for CysH,,0,: C, 76-75; H, 
105%). A similar crude product and the same pure substance were obtained by condensing 
2-methyl-l-ethinylcyclohexanol with cyclohexanone under similar conditions. The crude pro- 
duct presumably also contains «-1-hydroxy-2-methylcyclohexyl-8-1-hydroxycyclohexylacetylene, 
the anticipated product and possibly «8-di-1-hydroxycyclohexylacetylene produced by redistri- 
bution of the cyclohexanone liberated by the reversal of the acetylene-ketone condensation. 

a-1-Hydroxy-2-methylcyclohexyl-B-1-hydroxycyclohexylacetylene.—2-Methylcyclohexanone (40 
c.c.) in anhydrous ether (60 c.c.) was added during } hour to a stirred suspension of finely 
ground sodamide (18 g.) in anhydrous ether (60 c.c.) at 0°. After a further 2 hours 1-ethinyl- 
cyclohexanol (40 g.) in anhydrous ether (50 c.c.) was added during 3 hours, and stirring continued 
for 60 hours at 0°. The deep orange reaction mixture was decomposed with ice and acidified 
with dilute acid. The ethereal layer was washed with water, the solvent removed, and the 
residue steam-distilled. The reddish oil which remained was taken up in ether and dried, and 
the solvent evaporated. On fractionation at 15 mm., 90% of the liquid distilled at 186—189° 
(32 g.; 42% of the theoretical) and solidified on cooling. Trituration with light petroleum 
(b. p. 40—60°) gave a white solid, m. p. 70—78°. Constant-melting material was obtained only 
after ten recrystallisations of the product from light petroleum (b. p. 60—80°). The isomeride 
of a-1-hydroxy-2-methylcyclohexyl-$-1-hydroxycyclohexylacetylene thus obtained crystallised 
in feathery needles, m. p. 97-5° (Found: C, 76-0; H, 9-9. C,;H,,O, requires C, 76-2; H, 
10-2%). ; 

Condensation of molecular quantities of 2-methyl-1l-ethinylcyclohexanol and cyclohexanone 
under analogous conditions gave a 13% yield of non-steam-volatile material distilling at 186— 
188°/15 mm. and melting at 70—78°. Repeated crystallisation from petrol gave feathery 
needles, m. p. 97-5°, showing no depression with «-1-hydroxy-2-methylcyclohexyl-B-1-hydroxy- 
cyclohexylacetylene isolated in the previous condensation. 

«-1-Hydroxy-2-methylcyclohexyl-8-1-hydroxycyclohexylacetylene was also obtained through 
the Grignard derivative of 1-ethinylcyclohexanol by the method of Pinkney, Nesty, Wiley, and 
Marvel (loc. cit.). The non-steam-volatile portion of the product distilled at 179—182°/11 mm. 
(Found: C, 76-3; H, 10-2. Calc. for C;;H,,0,: C, 76-2; H, 10-2%) and melted, after one 
recrystallisation from benzene—petrol, at 76—84°. After 17 recrystallisations, feathery needles 
were isolated, m. p. 97-5°, not depressed by the corresponding products obtained previously. 


The authors thank Professor I. M. Heilbron, D.S.O., F.R.S., for his advice and interest in 
this investigation, Dr. A. E. Gillam for the spectrographic work involved, and the Chemical 
Society for a research grant. 
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186. Studies in Chemisorption on Charcoal. Part XI. Some 
Electrokinetic Properties of Activated Charcoal. 


By H. L. BENNISTER and A. KING. 


Although much work has been published on adsorption by charcoal, little inform- 
ation is available as to the fundamental changes in the electrical condition of the 
surface, which take place on activation under various conditions. As a result of 
extensive preliminary work, a standard technique has been developed for obtaining 
reproducible measurements of the cataphoretic migration velocity of charcoal sus- 
pensions by a method using the principle of the ultramicroscope. 

It is found that equilibrium conditions are set up after 4—5 hours’ activation 
at a given temperature, and that the cataphoretic velocity varies in the same way 
as adsorptive capacity. Oxygen-activated charcoal is always negatively charged in 
pure water, there being a pronounced maximum with samples activated at ca. 850°. 
The effect of the concentration of the charcoal suspension on cataphoretic velocity is 
also studied. 
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IMPROVED technique has made electrokinetic measurement one of the most successful 
methods of investigating the solid—liquid interface. The charcoal surface, one of the 
most important for practical purposes, has attracted little attention in this field, the 
position being stated by Abramson (“ Electrokinetic Phenomena,” 1934, p. 221) as 
follows: ‘‘ While thousands of papers have been published describing the adsorptive 
properties of charcoal, very little is known in regard to the fundamental changes in surface 
properties as determined by electrokinetic measurement.”’ 

A certain amount of work has, indeed, been done on electro-osmosis through carbon 
membranes or filters, Perrin (J. Chim. physique, 1904, 2, 601) noting that traces of electro- 
lytes had an appreciable effect on the charge and, further, that powdered carbon became 
positively charged in slightly acid water and negatively charged in water rendered feebly 
alkaline. Although Perrin’s work was confined to electro-osmosis, he realised fully that 
the cataphoresis of suspended charcoal particles in dilute electrolyte was the converse 
process and that the same general principles were involved. Similar investigations were 
carried out by Gyemant (Kolloid-Z., 1921, 28, 103) and by Umetsu (Biochem. Z., 1923, 
135, 442) who used this as a method of determining the isoelectric point and found that 
charcoals were positive in both acid and alkaline media. Ogawa (tbid., 1925, 161, 275) 
extended the work to the investigation of charcoals activated by various means, and con- 
cluded that electrical as well as adsorptive properties were changed by reason of the 
activation. 

The earliest work on the cataphoresis of suspended charcoal particles seems to be due 
to Goldberg (Kolloid-Z., 1922, 30, 230) who, using colloidal carbon prepared by the method 
of Sabbatani (ibid., 1914, 14, 29), made extensive observations on the influence of various 
factors on the cataphoretic velocity. The colloidal suspension, obtained by the action of 
sulphuric acid on sugar, followed by dialysis, was very stable and the particles were nega- 
tively charged in both acid and alkaline solution. Migration velocities varied from 13-5 
to 18-3u/sec. per volt/cm., both dilution and filtration causing an increase to a maxi- 
mum value (cf. p. 994). Acids and bases caused a velocity decrease, and among soluble 
salts, only those of aluminium seemed to have an appreciable effect, resulting in a velocity 
increase to a maximum, followed by a decrease on the addition of more salt. Fromageot 
(Compt. rend., 1924, 179, 1404) found that the cataphoretic velocity of charcoal particles 
in solutions of organic acids and their sodium salts depended only on the hydrogen-ion 
concentration, decreasing as the latter increased. The velocity was unaffected by the 
extent to which the acid or salt was adsorbed. Hence it was inferred that the acids were 
adsorbed as undissociated molecules directly on the carbon surface and not through 
the medium of the double layer. More recent work of Frampton and Gortner (J. Physical 
Chem., 1936, 41, 567) tends to confirm this. 

Kruyt and de Kadt (Kolloid-Z., 1929, 47, 44), using ash-free charcoal, showed both 
by cataphoresis and by electrolyte coagulation that the particles of charcoal are negatively 
charged in water. Charcoal heated in a vacuum or at 1000° in carbon dioxide became 
positively charged in water, and it was possible to restore the negative charge by heating 
to 400° in oxygen. We and others have been unable to obtain positively charged charcoal 
by this means. Kruyt and de Kadt found further (Kolloid Beth., 1931, 32, 249) that the high- 
temperature “ positive’ charcoal would not adsorb alkali (sodium hydroxide), although 
the negative sample had a great affinity for it. In this connexion, therefore, it is interesting 
that we have shown that charcoal heated to a high temperature (ca. 850°) is negative 
although base excluding. It was further suggested by Kruyt and de Kadt that by treat- 
ment of charcoal at 400° a surface compound was obtained which gave carboxyl groups 
with water, but that this compound is decomposed at 1000° leaving a positive surface of 
carbon. Pilojan and his collaborators (Kolloid-Z., 1933, 64, 287), studying both platinised 
and unplatinised charcoal, showed that charcoal is negatively charged after activation at 
400° for 15 hrs., but that this charge is reversed by lanthanum or thorium ions. 

It is now generally recognised that the surface of charcoal is covered with a chemically 
adsorbed film of oxygen, the nature of which conditions the properties of the adsorbent. 
During the last few years, evidence has accumulated which indicates that the nature of 
this layer of surface oxide varies with the temperature of its formation, and with it, the 
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adsorptive and catalytic properties of the charcoal (J., 1935, 889; 1936, 1688; 1937, 1489). 
It thus seemed desirable that a systematic study of the electrokinetic properties of the 
charcoal surface should be made, particularly in respect to the temperature of activation. 
Since the inception of the present work, two papers on the subject have appeared. In the 
first, Olin, Lykins, and Munro (Ind. Eng. Chem., 1935, 27, 690) attempt to correlate intrinsic 
adsorptive capacity with electrokinetic behaviour and find, as a result of a series of ex- 
periments on peat charcoal, that the two properties are parallel. ‘‘ The inherent quality 
which makes a charcoal highly adsorptive,” they conclude, “ enables it to rob ions of 
their charges and build up thereby a high ¢-potential, as observed by measurements of 
cataphoretic velocity of the suspended charcoals.”” In the second paper, Frampton and 
Gortner (loc. cit.) reach the opposite conclusion, vsz., that activation of charcoal does not 
affect its electrokinetic properties. 


EXPERIMENTAL. 


Apparatus.—Of the methods available for measurement of cataphoretic velocity, that 
depending on the use of the ultramicroscope principle was found to be the most suitable for 
the present work. The technique of Mattson and 
Mooney (J. Physical Chem., 1928, 32, 1532; 1933, Fic. 1. 

37, 223; Physical Rev., 1924, 23, 396), which 
involves observations of the motion of particles 

suspended in liquid in a cylindrical cataphoresis ne 
cell, was therefore adopted. The cell (Fig. 1), of 

Pyrex glass, consisted of a thick-walled tube 22 

cm. long and of 2-0—2-5 mm. internal diameter, 
joined at each end to wider tubing (B, C). At D 

the glass was ground down to within 0-25 mm. of a 
the inner wall, and at right angles to this, another £ 
surface was ground, as wide as the bore of the 
tube; both surfaces were well polished. Large 0:25 mm. 
platinum electrodes E were sealed in, as near to Cross-section F'Ce 

the entrances of the narrow tube as possible. The Direction of tube at-D. 

cell was then clipped to a wooden holder, and this of light 

in turn was fixed rigidly to the microscope stage. . 

The cell was filled through the stopcock F and emptied through F’. These stopcocks were tested 
to ensure that there was no leakage, however slight, to interfere with the flow in the closed 
tube. This arrangement enabled rapid and efficient washing to be carried out. 

The particles in suspension in the cataphoresis tube were illuminated on the principle of the 
ultramicroscope, the source of light being a high-power electric lamp. The light, after passing 
through a condenser lens and a heat absorber of alum solution, was brought to a focus inside 
the cataphoresis tube (at D), directly under the microscope, by means of a low-power microscope 
objective. This objective was fixed to a movable metal arm attached to a vernier scale, and 
could be moved up and down by means of a screw. This enabled measurements of particle 
velocity to be made at different levels in the tube; since the tube was closed, the velocity 
varied greatly from the walls to the centre. Under these conditions of illumination, the particles 
of charcoal appear as long, scintillating lines against a dark ground. 

The eye-piece of the microscope was fitted with four cross wires, making a central square. 
Particles were spotted just outside one wire and timed with a stop-watch reading to 0-1 sec. 
across the square tc the other wire, the distance travelled being 60 p. The current, 220 v. D.C., 
was then reversed, and the observations repeated in the opposite direction. Owing to Brownian 
movement and consequent disappearance of some particles, it was not always possible to follow 
a particle right across the square, especially when the time taken was greater than 10secs. How- 
ever, by making 5—10 similar observations in each direction, a repeatable average velocity 
could be obtained. The potential gradient in the tube was occasionally checked by an electro- - 
static voltmeter. 

The level at which the particles were observed was governed by the usual conditions of 
flow in a closed tube, there being electro-osmotic flow of the water near the walls of the tube 
towards the cathode, and in the opposite direction at the centre. There must therefore be an 
annular space within the tube where water velocity is nil and where the true cataphoretic 
migration velocity of the particles can be observed. According to Smoluchowski (Abramson, 
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op. cit., p. 76), the distance of this annular space from the axis of the tube is 0-707r, where 
y is the radius. This, then, determined the level at which the light was focused and at which 
all measurements were made.* ' ; 

Activation of Charcoal.—The charcoal was prepared from ‘‘ AnalaR ”’ sucrose, and activated 
as described in the previous paper (this vol., p. 691). 

Suspension of the Charcoal.—Suspensions of known weights of charcoal were made in clean, 
steamed-out test-tubes, fitted with tin-foil-covered corks. The distilled water used was re- 
distilled immediately before use, from a Pyrex flask fitted with a long Pyrex still-head containing 
glass beads and tubing. Weighed quantities of charcoal were tipped into the dry tube, and 
25 c.c. of distilled water poured in. It was then corked and well shaken, after which the heavier 
particles were allowed to settle, conveniently, overnight. When the charcoal had previously 
been ground in an agate mortar, it was found that the many heavier particles had settled, so 
the “clear” supernatant liquid was then decanted into the clean cataphoresis cell for im- 
mediate examination. It is of interest that this sharp separation was not always obtained, 
since there sometimes appeared to be a definite banding in the sedimentation. This was 
characterised by levels of higher concentration (shown by darkness of suspension) of particles, 
separated by distances which, as nearly as could be ascertained, were connected in somewhat 
the same manner as the familiar Liesegang rings. Bods. 

In the determinations of the velocity—time of activation relationship, activation was periodic- 
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ally interrupted for the removal of a small sample of the charcoal. This was rapidly cooled 
and ground in the agate mortar for gradually decreasing times (to allow for the progressive 
breaking up which accompanies activation), 0-l-g. samples then being weighed out and the 
usual procedure (see above) repeated. This sampling process was continued until no appreciable 
change in the cataphoretic velocity was observed in successive samples. Simultaneously, an 
iodine check on a number of activations was carried out, 0-5 g. of charcoal being added to 
50 c.c. of standard (ca. n/10) iodine, and the adsorption measured after equilibrium had been 
attained. It was assumed that in the case of identical samples activated at a given temperature, 
variations in both iodine adsorption and cataphoretic velocity were due, after the initial period 
at any rate, to change in surface area and consequent alterations in the adsorption equilibrium. 

Effect of Time of Passage of Uni-directional Continuous Current.—The cell was filled with a 
fine suspension, the current (220 v. D.C.) switched on, and the cataphoretic velocity of the char- 
coal particles observed at hourly intervals. The time of passage between the wires gradually 
lengthened from 5-0 to 14-3 secs. during 8 hours of continuous flow. This is presumably due to 
accumulation of electrolysis products such as disturb also the moving-boundary method. 
Clearly this effect could be avoided by making the observations over small intervals and re- 


versing the current periodically. . 
Effect of Dilution of the Suspension.—(i) Direct dilution. A sample of charcoal was activated 


* Dr. D. C. Henry has kindly pointed out to us (see following paper) that, owing to a neglect in 
considering the optical properties of the cell, which is in fact a cylindrical plano-concave lens, the point 
of focus in the present work was actually at a level of approximately 0-767 instead of 0-707r from the 
axis. This means that the absolute velocity of the charcoal particles is about 5u/sec. per volt/cm. less 
than the values quoted. As this correction is constant, it does not alter the shapes of the curves. 
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for 6 hours at 450°. 0-30 G. was suspended in 50 c.c. of distilled water, the suspension divided 
into two parts, and separate measurements of the velocity made from each half in order to 
ensure that the apparatus was giving identical results for identical samples. The results were 
always reproducible to within 1%. One sample was then diluted to 50 c.c. with distilled water, 
and the new velocity taken; it had appreciably diminished. This process of dilution was fur- 
ther continued until with 1/64th concentration little further change in the cataphoretic velocity 
was observed with successive samples. The results, plotted in Fig. 2, are chiefly remarkable 
for the minimum velocity at 1/8th concentration; the final value never reached that of the 
undiluted sample. 

(ii) Variation of weight of charcoal in the suspension. In this series of experiments, the 
volume of the suspension was maintained at 25 c.c., but different weights of charcoal were 
weighed into it. The usual procedure of medsurement was adopted with the following results : 

WE. GF grsamd CACORE) o.cncesccdnccciccceseesenes 0-07 0-11 0-16: 0-23 

Time of passage (secs.) ......... Lecoseonsabboonnanunenses 10-4 10-3 9-7 9-1 
It will be noted that an appreciable change was observed only when the mass of charcoal was 
more than doubled. 

(iii) Variation due to grinding. A sample of charcoal was divided into two roughly equal 
parts, which were then ground in the agate mortar for 4 and 8 minutes severally. The cata- 
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phoretic velocities were measured after both samples had been allowed to settle for the same 
period of time, with the following results : 
4 Mins.’ grinding. 8 Mins.’ grinding. 

Wt. of charcoal (g.) “007 O1l O16 0-23 0075 O11 0-165 0-22 
Time of passage (secs.) ...... 10-4 10-3 9-7 9-1 8-8 8-9 8-2 7-9 
The variation here is clearly due to a greater amount of charcoal remaining in suspension in 
the latter case, owing to smaller particle size (see also Henry, Proc. Roy. Soc., 1931, A, 135, 124). 

Time of Activation, and Cataphoretic Velocity.—As the main object of the present research 
was to obtain information as to the variation of cataphoretic velocity with temperature of 
activation, it was important that activation should be sufficiently prolonged so that surface 
equilibrium might be established, and with it, constant electrokinetic behaviour. A series of 
activations was therefore carried out at representative temperatures, 410°, 640°, and 850°, 
samples being withdrawn at hourly intervals and the cataphoretic velocity determined. In 
the case of the 410° charcoal, iodine adsorption was also measured with samples withdrawn 
every hour during the activation. The results are plotted in Fig. 3. 

It is readily seen that after 4—5 hours’ activation, a steady electrokinetic state of the surface 
is reached, and that after that time the cataphoretic velocity is characteristic of the temperature 
of activation. The iodine adsorption curve is similar in form to that of the cataphoresis, 














996 Studies 1n Chemisorption on Charcoal. Part XI. 


steady conditions also being reached in 4—5 hours. These results recall the work of Olin 
and his co-workers (loc. cit.), who also showed that there exists a distinct parallel between 
intrinsic adsorptive capacity and electrokinetic behaviour. 

Conclusions from Preliminary Work.—As a result of the foregoing, the following conditions 
have to be considered if significant results are to be obtained. The values in parentheses 
represent the standards adopted: (a) Standard grinding (1 minute). (b) Standard concentra- 
tion of the suspension (0-1 g. in 25c.c. of water). (c) Standard suspension procedure (suspensions 
left to settle overnight). (d) Time of examination under a potential difference to be a minimum 
(10—15 mins. ; current was reversed after each individual measurement lasting a few seconds). 


RESULTS AND DISCUSSION. 


Samples of pure sugar charcoal were activated at a number of temperatures varying 
from 380° to 1030°, and the cataphoretic velocity of the products measured by the standard 
procedure given above. It was found that charcoals activated at temperatures higher than 
550° moved with a considerable velocity, the time of passage of the particles across the field 
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of view being in some instances less than 3-3 secs. All observations were therefore repeated 

with a potential difference of 110 v. instead of 220 v., enabling more accurate results to 

be obtained. The results of the two series of measurements agreed; they are plotted in 

Fig. 4. 

It will be seen from the curve that, as the activation temperature is increased from 
380° to 850°, there is a gradual increase in the cataphoretic velocity of the suspended char- 
coal in pure water (fg = 6-9). Between 800° and 850° a definite maximum is obtained, 
and with further increase in the temperature of activation, the velocity falls rapidly. 
This is in agreement with, and is an extension of, the work of Olin (loc. cit.) on peat charcoal. 

The maximum at 800—850° may be correlated with several other phenomena on the 
charcoal surface. For instance, it is well known that maximum acid adsorption and 
minimum base adsorption occur with charcoals activated at 800—850°, while the maximum 
efficiency as an oxidising catalyst and minimum efficiency in the decomposition of hydrogen 
peroxide are also exhibited by samples activated at that temperature. In addition, 800— 
850° is the range of maximum hydrolytic adsorption (see p. 691) and of py value of charcoal 
suspensions. In order to explain these and other phenomena, the existence of surface 
oxides of carbon of different chemical constitution has been invoked. For instance, 
Frumkin (Z. physikal. Chem., 1929, A, 141, 141) suggested that, in the case of a charcoal 
activated at a high temperature, the following reaction took place in aqueous suspension : 
C,0 + H,O = C,** + 20H’, 2.e., the charcoal particles acquire a positive charge with 
respect tothe medium. The idea that high-temperature charcoals are positive is prevalent 
in the literature, and the results of Kruyt and de Kadt (loc. cit.) on this point have been 
much quoted. It is interesting to note, therefore, that the present authors have found 
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no evidence for the existence of a positive charcoal; indeed, a sample of charcoal activated 
at 850° and suspended in pure water has an extraordinarily high negative velocity, much 
greater, in fact, than that of a 450° sample which, by widespread confirmation, is definitely 
negative. Within the range of activation temperatures here employed, no charcoal was 
found which was isoelectric in pure water, yet a 500° sample (p. 691 e¢ seg.) adsorbs ac.ds and 
bases to an equal extent. No correlation between charge and surface constitution will 
be attempted at this stage. 

Throughout the range of temperatures used, the variation in velocity from temperature 
to temperature is more than 100%, and the procedure adopted in activation and suspending 
has been carefully standardised as a result of extensive preliminary work. It is therefore 
somewhat surprising that Frampton and Gortner (loc. cit.) find that “‘ activation does not 
affect the electrokinetic properties, since the migration velocity of various charcoals sus- 
pended in water is remarkably constant.” The values quoted in support of this are indeed 
constant, yet no standard method or time of activation was adopted : the time varied from 
2 to as much as 24 hours. In addition, Frampton and Gortner appear to have varied the 
treatment of the charcoal with liquids and gases, conditions which were constant in the 
present work. 

The effect of dilution of the suspended charcoal on the cataphoretic velocity (Fig. 2) 
is of interest. The shape of the curve recalls the work of von Buzagh (Kolloid-Z., 1927, 
41, 169; 1928, 46, 178) on the disperse-phase rule, since it appears that, for a medium 
concentration of charcoal suspension, the cataphoretic velocity is a minimum, increasing 
for both higher and lower dilutions. Actually, von Buzagh (ibid., 1928, 48, 33) carried 
out some interesting experiments on the cataphoresis of animal charcoal suspended in 
picric acid solution, and found maxima in the curves connecting cataphoretic velocity with 
concentration of both solid phase and electrolyte when each was varied independently. 
He assumed, therefore, that there was a definite charge on the particles necessary for peptis- 
ation, and that it was related to a definite adsorbed amount of peptising agent. Thus, 
for small amounts of solid phase, the electrolyte concentration was too high to permit 
high migration velocity, while for large amounts it was too low and thus unable to stabilise 
the particles. For medium concentrations, maximum electrokinetic properties were ex- 
hibited. Von Buzagh nevertheless states that in pure water the velocity is independent of 
the amount of solid phase, the degree of peptisation for small amounts being constant. 

It would seem that, in the present instance, the charcoal activated at 450°, and there- 
fore negative when suspended in water, undergoes two opposing processes on dilution, 
the first resulting in a diminution of negative charge and the second, taking effect after 
much dilution, restoring the balance to some degree. Mukherjee (Kolloid. Beth., 1936, 48, 
417) and Lottermoser and Chang (Kolloid Z., 1933, 64, 268) have noticed a similar effect 
with ferric oxide sols, and suggest that dissociation of the colloidal electrolyte occurs 
simultaneously with transference of negative (Cl~) ions from suspended particles to 
suspension medium; in charcoal, adsorption and dissociation are the probable causes of 
the minimum. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, March 17th, 1938.] 





187. A Source of Error in Micro-cataphoretic Measurements with a 
Cylindrical-bore Cell. 


By Dovuctas C. HENRY. 


A MICRO-CATAPHORESIS cell with a cylindrical bore and plane exterior faces has been 
recommended by Mattson (J. Physical Chem., 1928, 32, 1532; 1933, 37, 223) and 
employed by a number of other workers. In order to make the necessary allowance for 
electrosmotic flow it is essential with this, as with all other closed micro-cataphoretic 
cells, to know with precision the level within the cell at which velocity measurements 
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are made, or alternatively to make all measurements in the zone of zero electrosmotic 
flow. For a cylindrical bore this zone is the annulus distant 0-707 x radius from the 
axis of the cell. Two methods are available for locating the level of observation; either 
the relative position of the cell and the horizontal illuminating beam is so adjusted that 
the desired level alone is illuminated, or the viewing objective is so set that the desired 
level alone is in focus. Either method, or a combination of both, is relatively simple in 
operation when a cell of rectangular cross-section is being used, but both involve some 
complication when a cell of the Mattson type is employed; in this type of cell the glass 
walls act as a plano-concave cylindrical lens separating air and experimental liquid which 
refracts both the illuminating and the viewing beam. 

Buswell and Larson (1bid., 1936, 40, 833) have pointed out the difficulty which arises 
when the first method of locating the level is adopted; they show, in fact, that if it is 
desired to illuminate the level of zero electrosmotic flow, the illuminating beam must 
enter the cell, not 0-293 x a but 0-377 x a below the highest point of the cylindrical 
bore. Their figure further shows that the illuminated stratum within the liquid is not 


horizontal but tilted. 
A similar, but more insidious, difficulty arises when it is attempted to locate the 


desired level by use of the fine focusing adjustment of the microscope. By the usual 
methods of geometrical optics it can be shown that the actual point of focus of the 
objective and the focus point of the same objective in air are related by the equation : 





ey —_ a ae 
P— vk, I— Rt (Ha — Ha) 

where 1, Ue, %s are respectively the refractive indices of air, of the cell material, and of 

the liquid; ka is the thickness of glass between the plane top surface of the cell and the 

highest point of the cylindrical bore; pa and ga are respectively the distances below the 

same top surface and the positions of the focal points “in air’’ and in fact; a is 

the radius of the cylindrical bore. 

If, for an example, we consider a glass cell of 2 mm. internal diameter with a minimum 
wall thickness of 0-25 mm., k = 0-25; if, further, we set p, = 1-000, uw, = 1-515 (glass), 
and us, = 1-342 (water), col. 2 in the following table gives the correct setting of the fine 
adjustment (arbitrarily taken as zero when focused on the top exterior surface) which 
will focus the objective at various levels within the liquid. 


: Setting of fine adjustment (mm.). 
Depth of actual focal point below —_ A — 
top of bore = (¢ — A)a, mm. Correct. Evaluated by linear interpolation. Difference. 


0 {top of bore) 0-165 (0-165) — 
0-2 0-310 0-283 0-027 
0- 293 (zero level) 0-375 0-339 0-036 
0-448 0-402 0-046 
0-580 0-520 0-060 
0-705 0-639 0-066 
(axis) 0-825 0-757 0-068 
0-939 0-876 0-063 
1-049 0-995 0-054 
1-153 1-113 0-040 
‘707 (zero level) 1-207 1-176 0-031 
1-254 1-231 0-023 

2- 0 (bottom of bore) 1-350 (1-350) — 


When working with a cell of rectangular cross-section the usual (and correct) practice 
is to locate the desired level by linear interpolation between the fine adjustment readings 
corresponding to the top and to the bottom interior surface. Col. 3 of the table shows 
that this method is not permissible with the Mattson type of cell. If, for example, in 
the desire to obtain the upper zero level, the microscope were set by linear interpolation 
at 0-339, the actual point of focus would lie at 0-240 mm. below the top of the bore 
instead of 0-293 mm. as intended, an error of 0-053 mm.; a similar error of 0-062 mm. 
results from an attempt to locate the lower zero level by linear interpolation. 

That this error, amounting to over 5% of the bore radius, is not immaterial is shown 
by the following considerations. The velocity (w) of flow at any distance r from the axis 
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of the bore is given in terms of the electrosmotic velocity (wy) at the wall by the equation 
w/w. = 2r*/a* — 1 
whence dw/O(r/a) = 4wy X (7/a) 
An error of 5% in the evaluation of v/a therefore produces an error in the velocity 
measured amounting to 0-20 x wy. If the true cataphoretic velocity of the particle 
under observation happens to be of the same order as w, (it may easily be much less), a 
20% error in its value will result. 

Authors do not, in general, specify what steps they have taken to locate the desired 
levels of measurement; one would, however, imagine that if the complications described 
in this note had been appreciated, some reference to them would have been made. It 
therefore seems not unlikely that these considerations may have escaped notice, and that 
in consequence many of the published measurements obtained with the cylindrical-bore 
cell may be seriously in error. 


THoMAS GRAHAM COLLOID RESEARCH LABORATORY, 
THE UNIVERSITY OF MANCHESTER. [Received, May 28th, 1938.] 





188. The Occurrence of Ursolic Acid in Escallonia tortuosa. 
Conversion of Ursolic Acid into a-Amyrin. 


By J. A. Goopson. 


The triterpene acid, ursolic acid, C,;,.H,,0;, has been isolated in small quantity 
from Escallonia tortuosa and has been converted into «-amyrin. 


THE material examined consisted of the leaves and stems of Escallonia tortuosa, H.B. and K. 
(Nat. Ord. Saxifragacee) sent to the late Sir Henry Wellcome by Senor J. Jigon y Caamajfio 
from Colombia and said to be used medicinally under the name “‘ chachagoma ”’ by the 
Indians. As no species of this genus appears to have been examined previously, it was 
thought desirable to make a preliminary investigation. 

The most interesting constituents appear to be ursolic acid, and other acids, which from 
their general behaviour and the purple coloration they give when dissolved in acetic 
anhydride and treated with a few drops of concentrated sulphuric acid are probably related 
to the triterpenes. Owing to the difficulty of their separation they were not isolated in a 
pure condition. Small quantities of protocatechuic acid, hydrocarbon and fatty acid were 
separated. No — or cyanogenetic glucoside could be detected by the usual reagents. 


Me, 
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Recently Ruzicka and ath ne (Helv. Chim. Acta, 1937, 20, 1553) converted 
oleanolic acid into 6-amyrin through the acid chloride, aldehyde, and semicarbazone. As 
ursolic acid is isomeric and closely related to oleanolic acid, and «-amyrin to 6-amyrin, it 
was thought that ursolic acid might bear the same relationship to «-amyrin as oleanolic 
acid does to B-amyrin. This is now shown to be the case by the conversion of ursolic acid 
into a-amyrin by the same steps. 

Though several formule have been proposed for «-amyrin, it is not possible as the 
result of this transformation of ursolic acid into a-amyrin to suggest a formula for this 
acid because, as is shown in the preceding formule suggested by Spring and Vickerstaff 
(J., 1937, 249), «-amyrin contains eight methyl groups, any one of which might be derived 
from the carboxyl group of ursolic acid, but from the difficulty with which the acid is 
esterified it is nearly certain that the carboxyl group occupies an angular position. 

3T 
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EXPERIMENTAL. 


In the following account the m. p.’s are corrected; the analyses are from material dried at 
105° in a vacuum. The finely ground stems and leaves (2500 g.) of Escallonia tortuosa were 
extracted with hot alcohol, and the concentrated extract poured into water. The dried 
precipitate was extracted successively with light petroleum (b. p. 40—60°), ether, and alcohol. 

Isolation of Protocatechuic Acid.—The aqueous filtrate was extracted with ether, and the 
ethereal solution shaken with ammonium carbonate solution. The aqueous layer was rendered 
acid with hydrochloric acid and extracted with ether. The crude acids (1-7 g.) were recrystal- 
lised from alcohol, shaken in aqueous solution as sodium salts with charcoal, and the acids 
regenerated and crystallised from water. The slightly coloured needles, m. p. 200°, melted at 
202° when mixed with protocatechuic acid, m. p. 205°, and gave with ferric chloride a green 
coloration, turning red on addition of sodium carbonate solution. 

The light petroleum extract gave a small quantity of hydrocarbon, m. p. 61° (Found: C, 
85-2; H, 14-7%), and of fatty acid, m. p. 71° (Found: C, 80-3; H, 13-6%), which were probably 
mixtures. 

The ethereal extract deposited 30-5 g. (1-25% of the plant) of acids which gave a purple color- 
ation with acetic anhydride and concentrated sulphuric acid. After several recrystallisations 
from ethyl acetate a fraction (5 g.) melting above 260° was obtained. 

The alcoholic extract was treated with n-alcoholic potassium hydroxide solution and filtered. 
The material precipitated from the filtrate by the addition-of 10% sulphuric acid, after being 
washed free from potassium sulphate with water and dried, weighed 6 g. and melted at 261°. 
This material and the 5 g. of similar substance from the ethereal extract were further purified 
by repeated solution in alcoholic potassium hydroxide and reprecipitation with 10% sulphuric 
acid, followed by acetylation and recrystallisation from benzene, and hydrolysis of the acetylated 
material with alcoholic potassium hydroxide. Finally, after several recrystallisations from 
alcohol, ursolic acid was obtained in needles, m. p. 285—288°, unchanged on admixture with 
ursolic acid (prunol) isolated from Prunus serotina leaves by Power and Moore (J., 1910, 97, 
1099) or with ursolic acid from Arctostaphylos uva-ursi leaves, and had [a]#!° +67-5° (c = 2 in 
N-alcoholic potassium hydroxide) (Found: C, 78-7; H, 10-6. Calc. for C,,H,,0,: C, 78-9; 
H, 10-6%). The monoacetyl derivative had m. p. 290°, not depressed by the monoacetyl 
derivative of ursolic acid from Arctostaphylos uva-ursi leaves (Found: C, 76-9; H, 9-8. Calc. 
for C,,H,.0,: C, 77-0; H, 10-1%). 

Conversion of Ursolic Acid into a-Amyrin.—Ursolic acid from Arctostaphylos uva-ursi leaves 
was used in the following experiments. 

Acetylursoloyl chloride. Anhydrous monoacetylursolic acid (2-66 g.) was heated under 
reflux with thionyl chloride (15 c.c.) during $4 hour on a water-bath and the excess of thionyl 
chloride was removed by distillation in a vacuum. The residue, dried in a vacuum over solid 
potassium hydroxide, crystallised from benzene-light petroleum (b. p. 40—60°) in long needles. 
After two further recrystallisations it melted at 224—226° and had [a]}®* +53-3° (c = 2 in 
benzene) (Found: C, 74:3; H, 9-6; Cl, 6-9. C;,H,,O,Cl requires C, 74-3; H, 9-6; Cl, 6-9%). 

Acetylursolaldehyde. In the reduction of acetylursoloyl chloride to acetylursolaldehyde 
considerably more difficulty was met with than was experienced by Ruzicka and Schellenberg 
(loc. cit., p. 1554) in the reduction of acetyloleanolyl chloride to the corresponding aldehyde. 
It was found necessary to omit the use of the catalyst poison; even then the reaction proceeded 
very slowly. 

Acetylursoloyl chloride (3 g.) and palladium—barium sulphate catalyst (3 g.) were heated 
with dry xylene (60 c.c.) in an oil-bath at 150—170°, dry hydrogen being passed through the 
mixture until the evolution of hydrogen chloride ceased (about 19 hours). The catalyst was 
removed by filtration and washed with benzene. The filtrate and washings were evaporated to 
dryness under reduced pressure; the residue crystallised from light petroleum (b. p. 60—80°) 
in needles, which after several recrystallisations sintered at 236° and melted at 244° and had 
[a]?#* +71-4° (c = 2 in benzene) (Found: C, 79-8; H, 10-3. C,,H,,O, requires C, 79-6; H, 
10-4%). 

Acetylursolaldehydesemicarbazone. Acetylursolaldehyde (2 g.), semicarbazide hydrochloride 
(0-75 g.), and potassium acetate (0-75 g.) were boiled with alcohol (250 c.c.) for an hour, and the 
solution filtered. The filtrate was evaporated and treated with water. The dried precipitate 
was boiled with light petroleum (b. p. 60—80°) (150 c.c.); the undissolved semicarbazone crystal- 
lised from 80% alcohol in needles, m. p. 264—267°, [a]? +50-7° (¢ = 1 in alcohol) (Found: 
C, 73-4; H, 9-6; N, 8-0. C,,;H,;,0,N; requires C, 73-4; H, 9-9; N, 7-8%). 

a-Amyrin. Acetylursolaldehydesemicarbazone (2-3 g.) was heated in sealed tubes with 
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sodium (2-3 g.) in absolute alcohol (46 c.c.) for 20 hours at 200°. The product was treated with 
water, the insoluble material dissolved in benzene, and the solution diluted with light petroleum 
(b. p. 40—60°) and filtered through aluminium oxide. The aluminium oxide was percolated 
with quantities (25 c.c. each) of benzene. The first percolate gave low-melting material (0-45 g.) 
which could not be obtained crystalline; the substances from the succeeding percolates had 
m. p.’s 173°, 182°, 183°, and 186°. These fractions on recrystallisation from alcohol gave 
needles, m. p. 186° after sintering at 182°, the m. p. not being depressed by a-amyrin of the same 

p.; [a]??? +90-9° (c = 2-2 in benzene) (Found: C, 84:3; H, 11-6. Calc. for C,H,,O: C, 
84-4; H, 118%). The acetyl derivative, after recrystallisation from alcohol, sintered at 224°, 
melted at 227°, and gave no depression of m. p. with acetyl-«-amyrin having the same m. p. 
(Found: C, 81:9; H, 10-8. Calc. for Cs,H,,0,: C, 82-0; H, 11-2%). The benzoyl derivative, 
recrystallised from ether—alcohol, sintered at 193° and melted at 195°. The m. p. was not 
depressed by benzoyl-«-amyrin melting at the same temperature (Found: C, 83-7; H, 10:1. 
Calc. for C3,H;,0,: C, 83-7; H, 10-3%). 


The author is indebted to Mr. F. J. Peters for assistance with the experimental work, to 
Messrs. A. Bennett and H. C. Clarke for micro-analyses, and to Dr. F. S. Spring for a specimen 
of acetyl-x-amyrin («-amyrenyl acetate) for comparison. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, N.W. 1. [Received, May 20th, 1938.] 





189. The Configuration of Heterocyclic Compounds. Part IX. The 
Optical Resolution of 8-Chloro-10-phenylphenoxarsine-2-carboxylic Acid. 


By Mary S. LESSsLIE. 


A chloro-substituted 10-phenylphenoxarsine-carboxylic acid has been prepared 
and resolved. The active acids showed the high optical stability characteristic 
of this class of compound. 


THE resolution of three 10-substituted phenoxarsine-2-carboxylic acids has been de- 
scribed by Lesslie and Turner (J., 1934, 1178; 1935, 1268; 1936, 730) and an important 
feature of this class of optically active compound was their very high optical stability. 
It therefore seemed desirable to prepare and attempt the resolution of a more heavily 
substituted phenoxarsine in order to see if the stability was affected by substitution in 
the benzene ring. The substance synthesised was dl-8-chloro-10-phenylphenoxarsine-2- 
carboxylic acid (I): 


o-NO,*C,H;(p-Cl)-O-C,H,Me(#) —> NH, Co Cl-O-C,H,Me —> 


AsO H,*C,H,Cl-O-C,H,Me —> “od ea ae CX — 


AsO:OH AsCl 


O 
LL Oia = OCD 
AsPh 


AsPh AsPh 


The acid was resolved by means of its d- and /-«-phenylethylamine salts. 

d-«-Phenylethylamine 1-8-chloro-10-phenylphenoxarsine-2-carboxylate has [a]%, — 71-7° 
and [a]?%, — 85-4° in methyl alcohol. The I-base d-acid salt has [a], + 71-3° and 
[a}2%s, + 850°. The optically pure 8-chloro-10-phenylphenoxarsine-2-carboxylic acids, 
obtained by decomposition of the «-phenylethylamine salts and subsequent recrystallisa- 
tion, have [«]3%, + 69° and [a], + 81-9°inacetone. 10-Phenylphenoxarsine-2-carboxylic 
acid itself has a much higher specific rotation, viz., + 223° in ethyl alcohol. 
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Like the simpler 10-substituted phenoxarsine-2-carboxylic acids, the new acid has 
high optical stability. An acetone solution of the /-acid lost none of its activity when it 
was heated in a sealed tube for 6 hours at 100°. After the d-acid had been boiled for 3 
hours with N-sodium hydroxide, the rotation of the recovered acid was unchanged. The 
sodium salt was so sparingly soluble that its rotation could not be measured. 


EXPERIMENTAL. 


4-Chloro-2-aminophenyl p-Tolyl Ether.—4-Chloro-2-nitrophenyl p-tolyl ether, prepared by 
Henley’s method (J., 1930, 1222), was reduced at 100° with iron filings, water, and a little 
acetic acid. The base was extracted from the mixture with hot alcohol, precipitated by water, 
and purified either by conversion into the hydrochloride or by crystallisation from alcohol. 
It melted at 56—57° (compare Bayer and Co., D.R.-P. 216,642). 

5-Chloro-2-p-tolyloxyphenylarsonic Acid.—117 G. of the foregoing base were heated with 
125 c.c. of concentrated hydrochloric acid, the mixture cooled, and 100 g. of ice added. A 
solution of 30 g. of sodium nitrite in 100 c.c. of water was stirred in under the surface and the 
filtered diazo-solution was added rapidly under the surface of a vigorously stirred solution 
containing 99 g. of arsenious oxide, 212 g. of anhydrous sodium carbonate, and 800 c.c. of water 
initially at 65°. Dilute copper sulphate solution was added at intervals. Stirring was con- 
tinued until no diazo-compound remained in solution. The whole was heated on the water- 
bath for } hour and cooled, and the filtered liquid acidified with hydrochloric acid. The 
arsonic acid (yield, 12%) which separated crystallised from alcohol in long rectangular plates, 
m. p. 199—200°. Neutralisation of the diazo-solution before addition to the arsenite solution 
resulted in much smaller yields of arsonic acid (Found: As, 21-9. C,3;H,,0,ClAs requires 
As, 21-9%). 

8-Chloro-2-methylphenoxarsonic Acid.—30 G. of the preceding arsonic acid were added 
slowly to 150 g. of ice-cold, well-stirred concentrated sulphuric acid. The temperature was 
then raised to 100° and maintained for 5 minutes, the solution cooled and poured on ice, and 
the crude phenoxarsonic acid filtered off and washed. The pure acid crystallised from alcohol 
in small plates, m. p. 289—291° (Found: As, 23-2. C,,;H,O,;ClAs requires As, 23-1%). 

8 : 10-Dichlovo-2-methylphenoxarsine.—The preceding phenoxarsonic acid (28 g.) was sus- 
pended in a mixture of concentrated hydrochloric acid and chloroform and reduced at 60° 
with sulphur dioxide in presence of a little iodine. When the reduction was complete, the 
suspension was cooled and submitted to filtration. The crude chloroarsine crystallised from 
alcohol, containing a little concentrated hydrochloric acid, in pale yellow needles, m. p. 171— 
172° [Found : Cl (attached to As), 11-1. C,,;H,OCI,As requires Cl, 10-8%). 

8-Chloro-10-phenyl-2-methylphenoxarsine—To the decanted Grignard reagent prepared 
from 66 g. of bromobenzene (6 mols.) were added 23 g. of 8 : 10-dichloro-2-methylphenoxarsine 
(1 mol.) suspended in benzene. The mixture was heated in boiling water for 7 hours, the 
ether being allowed to distil. The product was decomposed with ice and hydrochloric acid. 
The benzene solution was separated and dried, and the solvent removed. The residue was 
distilled in a vacuum and 23 g. (89% yield) of arsine were obtained, b. p. 258°/3 mm. It 
was a thick oil which crystallised when stirred with a little alcohol; recrystallised from the 
latter, it formed hexagonal plates, m. p. 75—76° (Found: As, 20-3. C,,H,,OCIAs requires 
As, 20-3%). 

dl-8-Chloro-10-phenylphenoxarsine-2-carboxylic Acid.—A suspension of the foregoing 
arsine (23 g.) in a solution of 60 g. of potassium permanganate in 800 c.c. of water was boiled 
under reflux for 2 hours. Sulphur dioxide was passed into the resulting mixture and the 
oxide acid was precipitated. It was filtered off and purified through the sodium salt. The 
acid thus obtained was suspended in chloroform and reduced, after addition of dilute hydro- 
chloric acid and a little iodine, by passage of sulphur dioxide through the mixture for 1 hour. 
The chloroform was allowed to evaporate completely and the precipitated acid was collected, 
crystallised from dilute alcohol, and recrystallised from glacial acetic acid, from which it separ- 
ated in hexagonal plates, m. p. 220—221° (Found: C, 56-5; H, 2-8. C,,H,,O,ClAs requires 
C, 57-2; H, 30%). 

Resolution of dl-8-Chloro-10-phenylphenoxarsine-2-carboxylic Acid.—To a boiling solution 
of 10 g. of the di-acid in 750 c.c. of ethyl alcohol were added 3 g. (1 mol.) of d-«-phenylethyl- 
amine. The solution was kept overnight and 5-6 g. of salt A were obtained having [«]}%, — 5-3° 
in methyl alcohol. Concentration of the mother-liquor gave successive crops, 3-2 g. of B 
with [c]?%, + 13-2°, 1 g. of C with [a]}%, + 9-2°, 1-5 g. of D with [«]},, + 9°5°, and 1 g. of E 
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with [a]2%, + 10-6°. Salt A was recrystallised four times from ethyl alcohol and thereafter 
the rotation remained constant and 1 g. of pure d-a-phenylethylamine /-acid was obtained. 
Salt B was recrystallised from methyl] alcohol and a series of salts was obtained whose specific 
rotation varied from + 8-2° to + 17:7°. Repeated crystallisation from either methyl alcohol, 
dilute ethyl alcohol, or acetone did not effect a separation of the d-acid salt and the partial 
racemate. Salts C—E were combined and after a number of crystallisations the specific rotation 
remained constant at + 9-5°. Decomposition of these impure salts gave acids with small 
dextrorotations ([a]?%, + 4:4° to + 8-4° in acetone). 

In another experiment, to 10 g. of the d/-acid in 650 c.c. of ethyl alcohol was added d-a- 
phenylethylamine (} mol.). 1-5 G. of salt separated having [«]3},, — 61-0° in methyl alcohol. 
To the mother-liquor another } mol. of base was added and 4-5 g. of salt were obtained having 
(o]2%1 + 8°5°. Addition of another } mol. of base gave 0-9 g. of salt with [a] 5701 + 20-4°. Con- 
centration of the mother-liquor gave salts with [«]}%, + 8°5° to + 8-9° in methyl alcohol. 
Recrystallisation of the first crop from ethyl alcohol gave the pure d-«-phenylethylamine /-acid 
salt, but the other crops, as before, gave inseparable mixtures with approximately the same 
rotations of [«]?%,, + 9-5°. The resolution was repeated with /-«-phenylethylamine and when 
it was performed according to the second method described above the first crop which separated 
had [a]?%, + 67-9° and this, after one recrystallisation from ethyl alcohol, was the pure d-acid 
salt. As before, the subsequent crops were inseparable mixtures. 

d-a-Phenylethylamine 1-8-chloro-10-phenylphenoxarsine-2-carboxylate crystallised from ethyl 
alcohol in sheaves of rectangular plates, m. p. 236—237°. It had [oj2%. — 71-7° and 
[a:]20¢1 — 85-4° in methyl alcohol (c = 0-627; 1= 2; aff, = 0-90°, aff, = 1:07°) (Found : 
C, 62:3; H, 4:4. C,,H,,O,ClAs,C,H,,N requires C, 62-4; H, 45%). 

1-a-Phenylethylamine d-8- chloro-10-phenylphenoxarsine- -2-carboxylate had [o]2, + 71-3° and 
[:]2051 + 85-0° in methyl alcohol (c = 0-953; 7 = 2; a3%, = + 1-36°, a2%, = + 1-62°) (Found : 
C, 62-3; H, 4:4%). 

The salts were decomposed by pouring methyl-alcoholic solutions into dilute hydrochloric 
acid, and the precipitated acids collected. 1-8-Chloro-10-phenylphenoxarsine-2-carboxylic acid 
crystallised from dilute ethyl alcohol in leaflets, m. p. 202—203°, [«]2%, — 68-7° and [a«]3%, — 
81-1° in acetone (c = 0-917; 1 = 2; 3%, — 1-26°, aff, = — 1-50°) (Found: C, 57-0; H, 2-7. 
C,gH,,0,CIAs requires C, 57-2; H, 30%). d-8- -Chloro-10-phenylphenoxarsine-3-carboxylic 


acid crystallised from dilute alcohol in maiiete m. p. 208-208", [a] 371 + 69-0° and [a]?%, + 
81-9° in acetone (c = 0-739; 1=2; af, = + 1:02°, o3%, = + 121°) (Found: C 57-2; 


30%). 


The author thanks the Chemical Society for a grant and Dr. E. E. Turner for his interest 
and encouragement in this work. 
UNIVERSITY OF LONDON (BEDFORD COLLEGE). [Received, May 23rd, 1938.] 





190. Nobiletin. Part I. 
By Kwonc-Fonc TSENG. 


An oil extracted by cold methyl alcohol from Citrus nobilis, Lour, affords nobiletin, 
a hexamethoxyflavone containing a veratryl nucleus. 


THE author has already shown (Tseng and Yu, J. Chinese Pharm. Assoc., 1936, 1, 1) that 
the Chinese drug chen-pi (Citrus nobilis, Lour) from the province of Szechuen contains 
hesperidin, which was isolated in a crystalline condition by extraction of the drug with 
hot methyl alcohol (cf. Tiemann and Will, Ber., 1881, 14, 948, whose method has been 
improved). Much oily matter is recovered by a prior extraction with cold methyl alcohol 
and from this a new crystalline substance, C,;Hg.O,, has now been isolated. The reactions 
of this substance, which may be termed nobdiletin, and the fact that its molecule contains 
six methoxyl groups characterise it as a hexamethoxyflavone, C,;H,O,(OMe),. It is 
similar in properties to, but not identical with, the known isomerides, namely, myricetin, 
gossypetin and quercetagetin hexamethyl] ethers and thapsin dimethy] ether. Hydrolysis 
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of nobiletin with alcoholic potassium hydroxide affords veratric acid, so the substance must 
correspond to one of the formule (I), (II), and (III). 


MeO OMe MeO OMe MeO OMe 


MeO Me NoMe MeO Me 
MeO ! MeO OMe 


Mes XO a 


(I.) ‘ (III.) 


Tangeritin is a pentamethoxyflavone isolated by Nelson (J. Amer. Chem. Soc., 1934, 56, 
1392) from Citrus nobilis deliciosa; it was shown by synthesis to be 3:5:6:7:4’- 
pentamethoxyflavone (Goldsworthy and Robinson, J., 1937, 46). The occurrence of 
different polymethoxyflavones in Citrus species is of interest, as it indicates the possession 
by the plant of a remarkably potent methylation mechanism. 


EXPERIMENTAL. 


Isolation and Properties of Nobiletin.—The dried peel (12 kg.) of the fruit obtained from 
Chunking in Western China was powdered and extracted in a percolator with about three 
times its weight of methyl alcohol, the process occupying about a week. The extraction 
was twice repeated and the combined extracts were concentrated to half-volume and treated 
with methanolic lead acetate. The precipitate contained chiefly derivatives of tannins and 
chlorophyll and the filtrate from it was de-leaded by means of hydrogen sulphide, filtered, and 
concentrated. The residue (ca. 5 kg.) was a red oil. This material (1 kg.) was triturated with 
ether, which extracted a yellowish-brown oil, and the less soluble residue was treated with 
methyl alcohol. It dissolved for the most part, but a colourless waxy solid remained and this 
was collected. 

The methanolic solution was again treated with lead acetate exactly as before and the 
filtrate from lead sulphide was concentrated to a small bulk. On keeping in the ice-chest, 
an amorphous waxy solid separated. This was collected, and the filtrate concentrated further 
and chilled. Light yellow crystals (ca. 30 g.), m. p. 129—130°, separated and on recrystallis- 
ation from methyl alcohol the m. p. was raised to 134° (12 g.) [Found: C, 62-6; H, 5-5; MeO, 
46-7, 46-0; M (Rast in camphor), 391. C,,H,,O, requires C, 62-7; H, 5-5; 6MeO, 46-3%; 
M, 402). 

Nobiletin is readily soluble in ethyl acetate, chloroform, benzene, nitrobenzene and pyridine, 
moderately readily soluble in the simple alcohols, and very sparingly soluble in cold ether and 
water. It is insoluble in aqueous alkalis and gives no ferric reaction. It dissolves in con- 
centrated mineral acids to intensely yellow solutions and the solution in sulphuric acid ex- 
hibits a weak green fluorescence. Addition of magnesium to its alcoholic hydrochloric acid 
solution causes the development of a red colour, obviously due to the formation of a flavylium 
salt. The substance is optically inactive and it does not reduce Fehling’s solution. 

Hydrolysis with Alcoholic Potash—The method of Nelson (loc. cit.) was followed. A 
mixture of nobiletin (1 g.), alcohol (50 c.c.), and aqueous potassium hydroxide (50 c.c. of 20%) 
was refluxed for 6 hours and then concentrated to half its volume. After dilution with water 
(50 c.c.) the solution was saturated with carbon dioxide and extracted with ether (A; see 
following paper); the separated aqueous layer was acidified and extracted with ether. The 
residue from the solvent crystallised (m. p. 175°) and after recrystallisation from water the 
colourless needles had m. p. 179-5° and were identified as veratric acid (Found: C, 59-6; 
H, 5-5; MeO, 33-6. Calc. for CgH,,O,: C, 59-3; H, 5-5; 2MeO, 34-1%). 


SHANGHAI SCIENCE INSTITUTE. [Received, May 25th, 1938.] 





191. Nobiletin. Part II. 
By RoBERT RoBinson and Kwonc-Fone TSENG. 


Nobiletin, a hexamethoxyflavone occurring in the peel of the fruits of Citrus 
nobilis, Lour, is probably 5:6: 7:8: 3’ : 4'-hexamethoxyflavone. 


NOBILETIN (previous paper) has been demethylated to a hexahydroxyflavone, which is 
converted into a hydroxypentamethoxyflavone by the action of diazomethane. Further 
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methylation with regeneration of nobiletin could be effected by the method of Baker 
and Robinson (J., 1928, 3115). 

The resistant hydroxyl is assumed from analogy to be that situated in position 5, 
‘ ortho to the carbonyl of the flavone nucleus. This result excluded formula (III) of those 
figured in the foregoing paper. It was then found that acetoveratrone is one of the pro- 
ducts of the hydrolysis of nobiletin by alcoholic potassium hydroxide. Therefore nobiletin 
is probably 5 : 6: 7:8: 3’ : 4’-hexamethoxyflavone (I of the foregoing paper). The synthesis 
of nobiletin is projected. 


EXPERIMENTAL. 


Hydrolysis of Nobiletin with Formation of Acetoveratrone.—Nobiletin (3-2 g.) was hydro- 
lysed by means of alcohol (100 c.c.) and aqueous potassium hydroxide (100 c.c. of 20%) at 
the b. p. for 4 hours. The ethereal solution (A ; preceding paper) was evaporated, leaving an 
oil (1 g.) which could not be crystallised. It contained a phenolic substance (deep olive-green 
ferric reaction in alcoholic solution) and an attempt to prepare the oxime of this was made 
by Lapworth and Steele’s method (J., 1911, 99, 1884). The colourless crystalline oxime was 
recrystallised from water; m. p. 140°, alone or mixed with the oxime of acetoveratrone (Pictet 
and Gams, Ber., 1909, 42, 2947) (Found: C, 61:2; H, 6-6; N, 7-2. Calc. for C,,H,,0,N: C, 
61-4; H, 6-6; N, 7-2%). 

5:6:7:8:3' : 4’-Hexahydroxyflavone—A mixture of nobiletin (0-2 g.), hydriodic acid 
(5 c.c., d 1-8), and phenol (3 g.) was heated (bath at 145°) for 3 hours in a current of carbon 
dioxide; a test then showed that methyl iodide was no longer being produced. On cooling, 
the heptahydroxyflavylium iodide separated in slender, yellow needles, which were collected 
on an alundum plate and washed with sulphurous acid and then with water. The free 
hexahydroxyflavone was crystallised from acetic acid containing a little alcohol by concentration 
of the solution on the steam-bath. The deep yellow needles had m. p. 310—314° (decomp.) 
after blackening at 290° (Found: C, 56-5; H, 3-5. C,;H,,O, requires C, 56-6; H, 3-2%). 
The substance is readily soluble in methyl alcohol, ethyl alcohol, ethyl acetate, and acetone, 
moderately readily soluble in ether, and sparingly soluble in cold acetic acid, water or light 
petroleum. Its solution in sulphuric acid is orange in colour, those in concentrated hydro- 
chloric acid and in nitric acid are yellow. It is very sparingly soluble in cold aqueous sodium 
bicarbonate, but dissolves on heating to a yellow solution. In aqueous sodium carbonate, 
it dissolves in the cold to a brown solution; this turns reddish-brown in 15 minutes. In aqueous 
potassium hydroxide a red solution is first obtained and this becomes brownish-yellow on 
keeping. 

Oxidation occurs readily in dilute solution; even a boiling suspension in water gradually 
acquires a blue colour. The behaviour with solutions prepared from the B.D.H. universal 
buffer was as follows: Suspended in a solution of pg 8-1, a light yellow solution was at once 
obtained; this became greenish-yellow after 5 minutes, yellowish-green after 10 minutes, 
green after 15 minutes, and deep green after 20 minutes. At pg 9-0 the colours at corresponding 
times were: yellow, greenish-yellow, yellowish-green, light green, light green. At pq 10-4 
they were: bright yellow, greenish-yellow, greenish-yellow, brown, brown. At pq 11-0 they 
were: orange-yellow, orange-red, brownish-red, brownish-red, brownish-red. After 12 hours 
most of the colour disappeared in all cases. 

The ferric reaction of the new hexahydroxyflavone in alcoholic solution is an olive-green 
coloration. Lead acetate gives a brown precipitate in alcoholic solution. The potassium salt 
deposited from a solution in alcoholic potassium hydroxide consists of yellow prisms; potassium 
acetate in alcoholic solution gives a brownish-red precipitate. 

The substance is a good adjective dye; on mordanted cotton the following colours were 
observed : weak aluminium, dull brownish-yellow; strong aluminium, deep brownish-yellow ; 
aluminium and iron, brownish-olive; strong iron, black; weak iron, olive-grey. The dyeings 
show a resemblance to those given by quercetagetin (Baker, Nodzu, and Robinson, J., 1929, 
76). 

The hexahydroxyflavone reduces silver nitrate in aqueous solution, giving a black precipitate 
and occasionally a pink coloration of the solution. 

The hexa-acetate, prepared by the action of acetic anhydride and pyridine (bath at 145°) 
during 2 hours, crystallised from alcohol in silky needles, m. p. 226—228° (Found: C, 56-6; 
H, 3-9. C,,H,,0,, requires C, 56-9; H, 38%). The hexa-benzoate, prepared by the pyridine- 
benzoyl chloride method, at first in the cold and later by gentle heating on the steam-bath, 
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crystallised from alcohol in white needles, m. p. 235—236° (Found : C, 72-2; H, 3-7. C;,H;,0,, 
requires C, 72-6; H, 3-6%). 

5-Hydroxy-6 : 7: 8: 3’ : 4’-pentamethoxyflavone.—Owing to the ease with which the hexa- 
hydroxyflavone is oxidised in alkaline solution, methylation was carried out by the use of 
diazomethane. The gas (from 10 c.c. of nitrosomethylurethane) was introduced into a solution 
of the above hexahydroxyflavone (0-1 g.) in acetone (30 c.c.). The liquid assumed an orange 
and then a yellow colour and nitrogen was evolved. Next day the solution was concentrated 
by distillation and, on cooling, yellow needles, m. p. 138°, separated. The substance was re- 
crystallised from methyl alcohol and the m. p. raised to 145° (Found: C, 61-7; H, 5-2, 
CyoH oO, requires C, 61-8; H, 5-2%). The substance depressed the m. p. of nobiletin and an 
alcoholic solution developed an olive-green coloration on the addition of ferric chloride. 

On treatment with methyl sulphate and 20% aqueous sodium hydroxide in the presence of 
acetone (Baker and Robinson. ’oc. cit.), nobiletin was produced, m. p. 132° alone or mixed with 
the natural product (Found. VL, 62-4; H, 5-6%). 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, May 25th, 1938.] 





192. Podocarpic Acid. Part I. 
By I. R. SHERWooD and W. F. SHorr. 


The resin acid podocarpic acid, C,;H,,0;, has been shown to be tricyclic and to 
contain a phenolic nucleus. On dehydrogenation it afforded 6-hydroxy-1-methyl- 
phenanthrene and on pyrolysis p-cresol and a hydrocarbon C,H,,. It is inferred that 
the acid represents a new type of resin acid in which an aromatic nucleus is joined to 
two isopentane residues through a substituent carbon of the aromatic nucleus. These 
results, coupled with the abnormal inertness of the carboxy] group, lead to a provisional 
formula for the acid. 


Popocarpic acid, C,,H,.03, was first isolated by Oudemans (Ber., 1873, 6, 1122; Amnnalen, 
1873, 170, 214; J. pr. Chem., 1874, 9, 385) from the resin of Podocarpus cupressinus, which 
is endemic to Java. Easterfield and Aston (Trans. New Zealand Inst., 1910, 42, 53) 
obtained the same dextrorotatory acid from Podocarpus dacrydiotides (‘‘ kahikatea ’’), but 
from Dacrydium cupressinum (“‘rimu’’) they isolated a levorotatory acid which was 
considered to be a lower homologue of podocarpic acid (P., 1903, 19, 190; Trans. New 
Zealand Inst., 1904, 36, 483). As the result of a mixed melting point determination and 
titration values they subsequently concluded (ibid., 1911, 48, 53) that this acid is 
identical with podocarpic acid. 

Our first experiments were made with the acid obtained from rimu and we confirmed 
the formula C,,H,.O, but found that the acid was invariably dextrorotatory and that the 
melting points of a few of its derivatives were very different from those recorded by 
Oudemans for the corresponding derivatives of podocarpic acid. For example, Oudemans 
states that methyl podocarpate melts at 174°, whereas the methyl ester of the acid from 
rimu melted at 208°. Through the kindness of Professor T. H. Easterfield and the Director 
of the Botanic Gardens, Buitenzorg, we obtained two specimens of the Javanese acid and 
were able to show that it affords derivatives identical with those prepared from the acid 
from the New Zealand trees: we are unable to account for the different melting points 
recorded by Oudemans. 

Oudemans showed that podocarpic acid is a monobasic hydroxy-acid capable of 
nitration and sulphonation. On distillation with zinc dust methanthrene, C,,H,,. (m. p. 
117°; picrate; m. p. 117°), was obtained and was believed to be a methylanthracene. 

MeMe Me Distillation of the acid or its calcium salt afforded the following 
o\ products, although in very different proportions: (1) Meth- 

¢ >< OH anthrol, CysHy,0, m. p. 122°, (2) hydrocarpol, CyH90, b. P. 
Me OH 220° “in vacuo,” (3) p-cresol, (4) carpene, C,H, b. p. 155— 
157°. As a result of these observations Oudemans suggested that 

podocarpic acid has a structure of the annexed type and stated that “‘ the production of 
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methanthrene is easily explained by this formula if methanthrene is a methylanthracene.” 
At that time (1873) there was still uncertainty regarding the allocation of the linear and 
angular formule to anthracene and phenanthrene. 

Podocarpic acid resisted esterification by the catalytic method, but esters were readily 
obtained by the action of alkyl sulphates and alkali or from the acid chloride and an alcohol. 
Methyl podocarpate, m. p. 208°, gave methyl O-benzoylpodocarpate, m. p. 143°, by the action 
of benzoyl chloride and methyl O-methylpodocarpate, m. p. 128°, on treatment with excess of 
methyl sulphate and alkali. The ester group in these compounds was very resistant to 
hydrolysis and was unaffected by boiling 0-5N-alcoholic potassium hydroxide; hydrolysis 
of methyl O-methylpodocarpate with excess of concentrated alcoholic potash at 150°, 
however, afforded O-methylpodocarpic acid, m. p. 157—158°. The ester group was likewise 
unaffected by boiling with Grignard reagents in toluene solution and it is clear that the 
carboxyl group in podocarpic acid must occupy a position subject to considerable steric 
hindrance. The molecular refraction of the acid, determined in quinoline and acetophenone 
solution, showed that the compound is tricyclic and contains three ethylenic linkages. 

Dehydrogenation of podocarpic acid with selenium or palladium-charcoal produced a 
hydrocarbon, C,,H,, (m. p. 121°; picrate, m. p. 137°) identical with Oudemans’s 
“methanthrene,”’ and this was shown (Radcliffe, Sherwood, and Short, J., 1931, 2293; 
Sherwood and Short, Rep. Aust. Assoc. Sci., 1932, 21, 38; J., 1936, 318) to be identical with 
1-methylphenanthrene (Pschorr, Ber., 1906, 39, 3111; Haworth, J., 1932, 1130; Sherwood 
and Short, loc. cit.; Darzens and Lévy, Com#t. rend., 1935, 200, 2187).* The main product 
of dehydrogenation with selenium and palladium and the sole product of sulphur 
dehydrogenation was a phenol, C,,H,,0, m. p. 161°, and this compound was also produced 
by sulphur dehydrogenation of methyl podocarpate. Dehydrogenation of methyi O- 
methylpodocarpate afforded the corresponding methyl ether, m. p. 87—87-5°. This 
phenol is identical with Oudemans’s methanthrol, for, although he recorded m. p. 122° for 
the phenol obtained by distillation of podocarpic acid and its calcium salt, repetition of the 
experiments invariably afforded a compound, m. p. 161°. On distillation with zinc dust 
this phenol furnished 1-methylphenanthrene, and the possibility of an ‘alkyl migration 
during the distillation was excluded by the production of the same hydrocarbon by 
replacing the hydroxy-group successively by an amino-group and an iodine atom and 
removing the latter by a Grignard reaction. Methanthrol is therefore a hydroxy-1-methyl- 
phenanthrene and Oudemans’s isolation of p-cresol as a distillation product of calcium 
podocarpate (an observation which we have repeatedly confirmed) suggested that the 
hydroxyl group is in position 4. A synthesis of 4-hydroxy-l-methylphenanthrene 
(Higginbottom, Hill, and Short, J., 1937, 264) showed, however, that this supposition is 
incorrect. The hydroxyl group cannot reside at position 9 or 10, since the acetate and the 
methyl ether of the phenanthrol afforded 9 : 10-guinones without loss of the substituent 
oxygen. We attempted to locate the hydroxyl group by several methods of degradation, 
but these were all unsuccessful and need not be described. It was therefore necessary to 
synthesise the seven possible hydroxy-l-methylphenanthrenes. This arduous task was 
recently completed and it was found (Plimmer and Short, this vol., p. 694) that methanthrol 
is 6-hydroxy-1-methylphenanthrene. 

The absorption spectrum of methyl O-methylpodocarpate shows a maximum at 2820 A. 
and in analogy with observations in the sterol group this indicates that at least two of the 
double bonds are conjugated and probably, though not necessarily, present in the same 
ring (Fieser, ‘‘ Natural Products related to Phenanthrene,”’ 1937, p. 344; Fieser and 
Campbell, J. Amer. Chem. Soc., 1938, 60, 160; Ruzicka and Sternback, Helv. Chim. Acta, 


* The “ 4-methylphenanthrene,” m. p. 116° (picrate, m. p. 127—128°; styphnate, m. p. 148°; 
quinone, m. p. 187°; quinoxaline, m. p. 178°), described by Darzens and Lévy (Compt. rend., 1935, 
201, 730) is clearly a slightly impure l-methylphenanthrene produced by an alkyl migration during the 
dehydrogenation of 4-methyl-1 :2:3:4:5:6: 7: 8-octahydrophenanthrene-2-carboxylic acid (com- 
pare Haworth, Mavin, and Sheldrick, J., 1934, 455; Akin, Stamatoff, and Bogert, J. Amer. Chem. 
Soc., 1937, 59, 1268). 4-Methylphenanthrene, its picrate, styphnate, quinone, and quinoxaline melt 
at 50°, 140—141°, 135°, 187°, and 178°, respectively (Radcliffe and Short, J., 1931, 2296; 1936, 318; 
Haworth, J., 1932, 1131). 
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1938, 21, 568). Although none of the following properties-of the acid is completely 
diagnostic, the weight of the evidence points to the presence of an aromatic nucleus: (1) 
The acid can be nitrated and sulphonated (Oudemans), (2) the molecular refraction is 
practically normal, (3) there is no reaction with maleic anhydride or «-naphthaquinone and 
the double bonds are not reduced by sodium and alcohol and are inert towards hydrogen 
in presence of a catalyst which promotes rapid reduction of aliphatic ethylenic linkages, 
(4) the acid couples readily with diazobenzenesulphonic acid. The properties of the 
hydroxyl group (ferric chloride coloration and methylation with methyl sulphate and 
alkali) indicate that this group is attached to the aromatic nucleus. On the basis of this 
interpretation of the facts, the formula of podocarpic acid may be derived by introducing 
a methyl and a carboxyl group into the skeleton (I) and the only positions consistent with 
the dehydrogenation results and the abnormal properties of the carboxyl group are I, 11, 
and 12. The three basic carbon skeletons so obtained contain an aromatic nucleus (A) 
and a C,, residue; one of them is incapable of resolution into isopentane units by omitting 
one carbon atom from this residue, but the other two (II and III) are divisible into tso- 
pentane units if one carbon atom (C, or C, from II and C, from III) is excluded. Scission of 
structures (II) and (III) at 9—10 and 12—13 accounts for the production of #-cresol, 
carbon dioxide, and carpene, C,H,,, by pyrogenic degradation of podocarpic acid and we 


f, 7 os VA VW « 
nals) Me woh RK, HOL a 4 
ps (* o> / ax 


(I.) (II.) (III.) 


find that the properties of carpene are consistent with its formulation as either a 1 : 1 : 2- 
or a 1 : 2: 3-trimethylcyclohexadiene (IV or V). In this connexion the probable isolation 
of (V) from oil of amber (Karoly, Ber., 1914, 47, 1016) may be significant. Many scissions 
similar to that indicated above have been observed during the selenium dehydrogenation 


ON/\ 
typ OOK 
VW \; K 
(IV.) (V.) (VI.) 


of members of the triterpene group (Ruzicka and co-workers, Helv. Chim. Acta, 1937, 20, 
1156, and earlier papers). 

We find that podocarpic acid shows no tendency to lactonise even under drastic 
conditions and it is improbable that it is a 8-hydroxy-acid (carboxyl at C,,) unless the 
stereochemical configuration of the molecule with respect to the junction of the rings is 
unpropitious. The carboxyl group is even more inert than that in abietic acid and we 
therefore prefer formula (VI) as a working hypothesis. 

We are engaged on a detailed examination of carpene. 

It seemed possible that podocarpic acid might share some of the physiological properties 
of oestrone, but Professor E. C. Dodds, who kindly examined the acid for oestrogenic 
properties, reported that doses of 100 mg. produced no response. 


EXPERIMENTAL. 


Podocarpic Acid.—The crude resin was freed from wood and a small amount of an insoluble 
red powder by solution in hot alcohol. The filtrate was diluted with water until turbid and the 
precipitate was collected after 2 hours, washed with a little ice-cold 55% alcohol, and recrystal- 
lised from the same solvent. Alternatively, the crude alcoholic extract was distilled under 
reduced pressure, and the fraction, b. p. 296—310°/20 mm., recrystallised from 55% alcohol. 
The following physical constants were recorded; the rotations were determined in 4% solution 
in absolute alcohol: (1) Acid from Podocarpus cupressinus, m. p. 193°, [a]57g +144°, [co] sac 
+165°; (2) acid from Dacrydium cupressinum, m. p. 193-5°, [a]s2g +144°, [a] sag +165°; (3) 
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acid from Podocarpus dacrydioides, m. p. 191°, [«]573 +141°, [«]sag +161°. Admixture of these 
acids and of the corresponding derivatives caused no depression in m. p. and in these comparisons 
we included in each case those derivatives and degradation products for which Oudemans records 
different m. p.’s from those observed by us. Distillation of the acids in a vacuum or recrystal- 
lisation from formic acid raised the m. p. by 1—2° in each case, but no change in composition 
occurred and recrystallisation restored the normal m. p. Analyses of specimens of different 
origin gave the following results: Found: C, 74-5, 74:4, 74-4, 74-1, 74-4, 74-6, 74-5, 74-5; H, 8-1, 
7-8, 7-75, 7-7, 7-8, 8-0, 8-4, 8-2 (Calc. for C,,H,,0,: C, 74:4; H, 80%). No satisfactory equi- 
valent could be obtained by titration because the phenolic group affected the end-point. A 
751% solution of podocarpic acid in quinoline. (di}®* 1-0773, nf!* 1-6159) had d{f* 1-0872, 
nit® 1-6142, and a 4-49% solution in acetophenone (d{}* 1-0097, nf 1-5240) dF 1-0324, 
np 1-5309, whence [Rz]p = 75-59 (in quinoline) and 76-22 (in acetophenone). C,,H,,0,|5 
requires [R;]p 75-78. Another specimen in quinoline gave [Rz]p 75-86. Zerewitinoff determin- 
ations showed that the acid contains two atoms of active hydrogen per molecule (Found: 2-03, 
1-91) and it gave a green coloration with alcoholic ferric chloride solution. The rotation of the 
acid was unaltered after $ hour’s boiling with 2-5% alcoholic hydrogen chloride and no isomeris- 
ation occurred. Hydrogen was not absorbed when an acetic acid solution of podocarpic acid 
was shaken with the gas at 2-5 atms. in presence of a platinum catalyst capable of promoting the 
rapid reduction of benzaldehyde. Fusion of the acid with 4 parts of potassium hydroxide 
(1-5 hours at 300°) produced only a trace of oil; almost the whole of the 
. Fic. 1. 

acid was recovered unchanged. 

O-A cetylpodocarpic Acid.—Podocarpic acid (5 g.), acetic anhydride (7 g.), ork 
and anhydrous sodium acetate (1 g.) were boiled for 1 hour, and the excess of 
anhydride destroyed by warming with water. The crude product was dis- 
solved in ether and washed with dilute aqueous sodium carbonate and water, / * 
and the solvent removed. The acetate crystallised from ether in rectangular 
prisms, which formed a turbid liquid at 173°, clearing at 176° (Found: C, 
72:1; H, 7-7. Cale. for C,,H,O,: C, 72-2; H, 7-6%). A Zerewitinoff |j ioo 
determination showed the presence of one active hydrogen atom (Found, 1-1). 
Oudemans, who prepared the acetate from podocarpic acid and acetyl 
chloride, states that it softens at 100° and slowly melts between 100° and 


010 

















152°. 

Methyl Podocarpate-——From silver podocarpate and methyl iodide, \ YY 
Oudemans obtained an ester, m. p. 174°, but records no analysis. Repetition 
of the experiment gave a low yield of ester, m. p. 208°, and the same 
compound was obtained from methyl alcohol and the crude chloride 
prepared from podocarpic acid and thionyl chloride. The best method for the preparation 
of methyl podocarpate was to add methyl sulphate (1-2 mols.) to a well-shaken solution 
of the acid and sodium hydroxide (1-1 mols.) in 50% alcohol and to complete the reaction 
by heating on the water-bath for a few minutes. The product was washed with aqueous 
sodium carbonate and recrystallised from alcohol; m. p. 208° (Found: C, 74-8, 75-0, 75-1; 
H, 81, 8-3, 8-1; OMe, 10-4; M, ebullioscopic in acetone, 287. C,,H,,O, requires C, 75-0; 
H, 8-3; OMe, 10°8%; M, 288). Weare indebted to Professor W. N. Benson of the University 
of Otago for the appended description and goniometric measurements. 

““ Methyl podocarpate forms colourless prismatic crystals. 

Crystal system : Normal orthorhombic. 

Axial ratios: a: b: c= 0-99:1: 0-97. 

Forms Developed : a (100), b (010), m (110), o (011), y (ORA). 

The faces of the brachydome (0k/) were too poorly developed to admit accurate measurement, 
but optical tests showed that the substance is definitely biaxial with a small optic axial angle, 
and this confirms the orthorhombic nature of the crystals.” 

A Zerewitinoff determination showed that the ester contains one hydroxyl group (Found, 
1-11) and treatment with benzoyl chloride and pyridine produced methyl O-benzoylpodocarpate, 
which separated from methyl alcohol in long clustered rods, m. p. 143-5° (Found: C, 76-4; H, 
7-1. C,s;H,,O, requires C, 76-5; H, 7-1%). The benzoyl derivative was hydrolysed quantit- 
atively by boiling for 2 hours with 0-5n-alcoholic potassium hydroxide with regeneration of 
methyl podocarpate, m. p. 208° (Found, 1-01 benzoyl group). Methyl podocarpate was 
recovered unchanged after boiling for 2 hours with 0-5n-alcoholic potassium hydroxide. On 
dehydrogenation with sulphur (4-5 atoms) for 5 hours at 240° methyl podocarpate afforded 
6-hydroxy-l-methylphenanthrene, m. p. 160° (see below). 


Methyl podocarpate. 
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Ethyl Podocarpate.—The ester, m. p. 143—146°, prepared by Oudemans from silver podo- 
carpate and ethyl iodide was impure (Found: C, 76-1, 74:8; H, 8-7, 8-6%). A good yield of 
this ester was obtained by adding ethyl sulphate (1-0 mol.) to a solution of the acid and sodium 
(0-95 atom) in absolute alcohol and boiling for a few minutes. Ethyl podocarpate crystallised 
from alcohol in stout clustered needles, m. p. 161° (Found: C, 75-5; H, 8-7. Cy 9H,,O; requires 
C, 75-5; H, 86%). 

p-Nitrobenzyl podocarpate was readily obtained by refluxing a solution of sodium podocarpate 
with p-nitrobenzyl bromide (1-0 mol.) in 63% alcohol for 15 minutes. The ester separated 
from alcohol in needles, m. p. 204° (Found: C, 70-2; H, 6-8; N, 3-6. C,,H,,0O,;N requires C, 
70-4; H, 6-6; N, 3-4%). 

Methyl O-Methylpodocarpate.—This ether was first prepared by warming a xylene solution 
of methyl podocarpate with finely divided sodium (1 atom) until the metal dissolved, adding 

methyl iodide (1-5 mols.), and boiling for 3 hours. It was 
Fic. 2. obtained in 82—86% yield by adding methy] sulphate (3-0 
mols.) to a well-shaken solution of podocarpic acid (1-0 
mol.) and sodium hydroxide (3-2 mols.) in 50% aqueous 
alcohol and boiling for a few minutes. Methyl O-methyl- 
podocarpate separated from light petroleum (b. p. 50—60°) 
in rectangular prisms, m. p. 128° (Found: C, 75-6; H, 
8-6; OMe, 20-1. C, 9H,,O, requires C, 75-5; H, 8-6; OMe, 
205%). Dr. D. G. Drummond kindly examined the 
absorption spectrum of methyl O-methylpodocarpate in 
alcoholic solution and the results are shown in Fig. 2: 
maximum, 2820 a.; log e, 3-33. This ester was recovered 
unchanged after boiling for 2 hours with 0-5n-alcoholic 
potassium hydroxide or for 6 hours with methylmagnesium 
iodide or phenylmagnesium bromide in toluene solution. 
When the ester was submitted to the action of sodium 
(20—23 atoms) in ethyl-, butyl- or amyl-alcoholic solution, 
practically the whole of the material was converted into 
O-methylpodocarpic acid and no appreciable reduction 
occurred. (Mr. W. S. Rapson, M.Sc., who repeated these 
experiments in 1933 at our request, also found that no 
reduction occurred.) Dehydrogenation of methyl O- 
methylpodocarpate with sulphur (4-7 atoms) at 220—260° 
for 5 hours produced a volatile liquid of unpleasant odour 
(? methyl sulphide), and a 50% yield of 6-methoxy-l- 
2800 2500 2200 ™ethylphenanthrene, m. p. 89°, (see below) was obtained 
AA. by vacuum distillation. 
Methyl O-methylpodocarpate. O-Methylpodocarpic Acid.—Methyl O-methylpodocar- 
pate (5 g.) was almost completely hydrolysed when heated 
at 150° for 4 hours with a solution of potassium hydroxide (5 g.; 5-4 mols.) in alcohol (15 c.c.) 
and water (5 c.c.). The resulting O-methylpodocarpic acid crystallised from methyl] alcohol in 
rectangular prisms, m. p. 158° (Found: C, 75-0; H, 8-4; OMe, 10-9. (C,,H,,O, requires C, 
75-0; H, 8-3; OMe, 108%). The product was soluble in aqueous sodium carbonate and was 
remethylated to methyl O-methylpodocarpate, m. p. 128°, by methyl sulphate and alkali. 

Distillation of Podocarpic Acid with Zinc Dust.—The distillation was effected from a com- 
bustion tube as described by Oudemans. The distillate was dissolved in ether and thoroughly 
washed with aqueous sodium hydroxide and after removal of the solvent from the dry solution 
the residue was repeatedly distilled from sodium in a vacuum. The fraction, b. p. 160—185°/ 
2—2-5 mm., solidified and was recrystallised from methy] alcohol to constant m.‘p. 120-7—121-5° 
(Found: C, 93-7; H, 6-3. Calc. for C,,H,,: C, 93-8; H, 625%). The hydrocarbon was 
converted into (1) a picrate, orange-yellow needles, m. p. 137-5° (Found: C, 59-7; H, 3°8. 
Calc. for C,;H,.,C,H,O,N,: C, 59-85; H, 36%), (2) a styphnate, yellow needles, m. p. 152—153° 
(Found: C, 57-5; H, 3-6. C,;H,,,C,H,O,N;, requires C, 57-7; H, 3-4%), (3) a quinone, orange- 
red needles, m. p. 193—193-5° (Found: C, 80-8; H, 4-5. Calc. for C,;,H,,O,: C, 81-1; H, 
45%), and (4) a quinoxaline, yellow needles, m. p. 177° (Found: N, 9-6. Calc. for C,,H,,N,: N, 
9°5%). The constants for this hydrocarbon and its derivatives are slightly lower than those 
recorded by Pschorr (/oc. cit.) for 1-methylphenanthrene and its derivatives, but the identity 
of the two hydrocarbons was established by a direct comparison with synthetic material. 
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Dr. R. D. Haworth kindly compared our products with 1-methylphenanthrene and its derivatives 
(which he synthesised by a different method) and reported that no depression in the m. p.’s 
was observed. 

Dehydrogenation of Podocarpic Acid.—(i) With selenium. Podocarpic acid (36 g.) and 
selenium powder (45 g.) were heated at 290—310° for 45 hours and the cold mixture was 
powdered and extracted with ether. The ethereal solution was repeatedly extracted with 10% 
aqueous sodium hydroxide, dried, and evaporated, and the residue distilled from sodium in a 
vacuum. The distillate (4 g.) consisted of 1-methylphenanthrene, which was identified as 
described above. Acidification of the alkaline solution afforded 7 g. of the phenol C,,H,,0 
described below. 

(ii) With sulphur. A mixture of podocarpic acid (20 g.) and sulphur (10 g.) was heated at 
190—250° for 54 hours and then distilled at 8 mm. The distillate (9-4 g.; m. p. 154—158°) 
was dissolved in ether and washed with aqueous sodium carbonate to remove a little unchanged 
podocarpic acid, and the solution extracted with 10% aqueous sodium hydroxide. The residual 
ethereal solution contained less than 0-5 g. of a sticky oil in which no 1-methylphenanthrene 
could be detected. Acidification of the alkaline solution gave 6-2 g. of the phenol C,,H,,O, 
m. p. 158—159°. 

(iii) Catalytic. A mixture of podocarpic acid (20 g.) and 10% palladium-charcoal (5 g.) 
was heated for 4} hours at 290—350°. The volume of gas evolved was 7-6 1. (21° and 762 mm.) 
and a trace of 1-methylphenanthrene (picrate, m. p. and mixed m. p. 133-5°) and 5-1 g. of the 
phenol C,;H,,O were isolated from the residue. 

Investigation of the Phenol C,;H,,0.—By the destructive distillation of podocarpic acid or 
calcium podocarpate Oudemans (loc. cit., pp. 267, 274, 277) isolated a phenol C,,H,,O, m. p. 
122°, which he termed methanthrol. Repetition of these experiments with either the Javanese 
or the New Zealand material invariably gave a phenol, m. p. 161°, identical with that obtained 
in the dehydrogenation experiments. The crude phenol was best purified by successive 
crystallisation from benzene (charcoal), which yielded an amorphous product, and from’ 
chloroform, which afforded white irregular plates, m. p. 161° (Found: C, 86-4, 86-5; H, 5-8, 
6-0. C,,;H,,0 requires C, 86-5; H, 58%). The product was characterised by the following 
derivatives: (1) Picrate, red needles from alcohol, m. p. 182° (Found: C, 57-5; H, 3-6; N, 
9-6. C,,;H,,0,C,H,O,N, requires C, 57-7; H, 3-4; N, 9-6%), (2) acetate, white plates from 
alcohol, m. p. 118—119° (Found: C, 81-6; H, 5-7. C,,H,,O, requires C, 81-6; H, 5-6%), (3) 
benzoate, irregular white plates from alcohol, m. p. 147° (Found: C, 84-4; H, 5-2. C,,H,,O, 
requires C, 84-6; H, 5-1%), and (3) glycollic ether, white plates from benzene, m. p. 191° (Found : 
C, 76-8; H, 5:2. C,,H,,O, requires C, 76-7; H, 5-3%). The methyl ether, prepared either by 
dehydrogenation of methyl O-methylpodocarpate (above) or by methylation of the phenol, 
separated from methyl alcohol in clustered cream needles, m. p. 87—87-5° (Found: C, 86-6; 
H, 6-5; OMe, 13-9. C,,H,,O requires C, 86-5; H, 6:3; OMe, 14:0%); the picrate crystallised 
from alcohol in vermilion needles, m. p. 140—141-5° (Found: C, 58-65; H, 4:2; N, 9-3. 
C,,H,,0,C,H,O,N, requires C, 58-5; H, 3-8; N,9-3%). The methyl ether (0-2 g.) was smoothly 
demethylated by boiling for 4 hours with acetic acid (9 c.c.) and hydrobromic acid (9 c.c., d 
1-5) and the phenol so obtained had m. p. 161°. Oxidation of the methyl ether (0-5 g.) in acetic 
acid (2-5 c.c.) with chromic anhydride (1 g.) in acetic acid (6 c.c.) and water (0-6 c.c.), first at 0° 
and then for $ hour at 100°, furnished a golden-brown quinone, which separated when the hot 
solution was poured into water (40 c.c.); purification was effected by solution in hot aqueous 
sodium bisulphite and crystallisation from acetic acid; m. p. 189° (Found: C, 75-9; H, 5-0. 
C,¢H,,0, requires C, 76-2; H, 48%). The corresponding quinoxaline crystallised from 
chloroform in long yellow rods, m. p. 166° (Found: C, 81-4; H, 5-0; N, 8-5. C,,H,,ON, 
requires C, 81-5; H, 4:9; N, 86%). The acetoxy-quinone, obtained by the oxidation of the 
acetate with chromic anhydride (3 mols.) in acetic acid, separated from acetic acid in long 
orange-yellow needles, m. p. 182-5—183-5° (Found: C, 72-9; H, 4:65. (C,,H,,O, requires C, 
72-85; H, 43%). The acetoxy-quinone was hydrolysed by trituration with n-aqueous alcoholic 
sodium hydroxide, and the product precipitated with acid and recrystallised from alcohol. 
The hydroxy-quinone separated in stout yellow-orange needles, which darkened at 258° when 
rapidly heated, m. p. 264—265° (decomp.) (Found: C, 75:7; H, 4-4. C,,;H,,O, requires C, 
75-6; H, 4:2%); it formed a port-wine solution in dilute alcoholic potash and the colour 
remained unchanged on warming (compare Fieser and Young, J. Amer. Chem. Soc., 1931, 53, 
4126). The production of these quinones showed that the phenol C,,H,,0 was a methyl- 
phenanthrol and that the 9—10 positions were unsubstituted. The methyl group was shown 
to be in position 1 by converting the phenol into 1-methylphenanthrene by the following 
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methods: (1) The phenol (5 g.) and zinc dust (200 g.) were distilled from a combustion tube 
and the resulting pasty yellow solid (2-4 g.) was distilled from sodium ina vacuum. The solid 
white distillate (1-5 g.; m. p. 112—115°), recrystallised from light petroleum (b. p. 40—50°), 
had m. p. 120—121°, undepressed by 1-methylphenanthrene. There was no depression in m. p. 
when the picrate was mixed with that of l-methylphenanthrene. (2) Attempts to convert the 
methylphenanthrol into the corresponding amine by the Bucherer method were unsuccessful, 
but the corresponding acetamido-compound was obtained in 58% yield by heating the phenol at 
290° for 10 hours with sodium acetate (4-4 mols.), ammonium chloride (4-8 mols.), and acetic 
acid (5-7 mols.). The product was dissolved in ether and washed with aqueous sodium 
hydroxide; it crystallised from methyl alcohol in greyish-white rhombs, m. p. 197-5—198° 
(Found: C, 82-0; H, 6-1; N, 5-7. C,,H,;ON requires C, 81:9; H, 6:0; N, 56%). The 
corresponding amine was obtained in 79% yield by heating the acetyl derivative (15-2 g.), 
hydrochloric acid (66 c.c.), water (61 c.c.), and acetic acid (152 c.c.) on the water-bath for 5 
hours. The hydrochloride separated from water in small plates, which began to decompose 
at 260° and melted at 270—272° when slowly heated. The amine, liberated with ammonia, 
crystallised from ligroin in large plates, m. p. 151° (Found: C, 86-9; H, 6-6; N, 6-7. C,,;H,,N 
requirés C, 87-0; H, 6-3; N, 68%). Diazotisation of the amine was effected by the method 
of de Miltz and Zandt (J. Amer. Chem. Soc., 1936, 58, 2044) : a solution of the amine (5-0 g.) in 
pyridine (24 c.c.) was stirred mechanically at —10° and a solution of sodium nitrite (3-7 g.) 
in concentrated sulphuric acid (36 c.c.) and water (18 c.c.) was added during 1 hour. After 
being stirred for 1 hour longer, the solution was diluted to 500 c.c. with water, treated with a 
solution of urea (2-5 g.) in water (62 c.c.), and stirred for 1 hour. A solution of potassium 
iodide (4-8 g.) in water (13 c.c.) was added and, after 12 hours, the mixture was heated on the 
steam-bath for 2 hours. The black solid was collected and extracted with benzene, and the 
solution washed with aqueous sodium bisulphite, dried, and evaporated. The iodomethyl- 
phenanthrene was isolated from the fraction, b. p. ca. 200°/2 mm., and recrystallised from 
benzene-light petroleum (b. p. 40—60°), forming long clustered rods, m. p. 144:5—145° 
(Found: C, 56-4; H, 3-6. C,;H,,I requires C, 56-6; H, 3-5%). Yield, 29%. When the 
diazonium solution was boiled, the methylphenanthrol was regenerated, m. p. and mixed m. p. 
161°, so that the amino-group occupied the same position as the hydroxyl group replaced. 
Solutions of the above iodo-compound (2-0 g.) in benzene (15 c.c.) and of ethyl bromide (0-5 c.c.) 
in dry ether (3-3 c.c.) were added simultaneously during } hour to magnesium (0-3 g.) covered 
with boiling ether (4-7 c.c.). The mixture was boiled in an atmosphere of dry nitrogen for 2 
hours, cooled, and decomposed with ice-cold dilute sulphuric acid. The ethereal solution was 
washed, dried, and evaporated, and the residue distilled from sodium in a vacuum. The 
distillate (0-65 g.; b. p. ca. 180°/10 mm.) had m. p. 117—120° and recrystallisation from methyl 
alcohol gave 1-methylphenanthrene, m. p. and mixed m. p. 120—121°. 

Attempts to locate the hydroxyl group in the 1-methyl-phenanthrol by degradation were 
vitiated by the stability of the compound and the destruction of the hydroxylated ring when a 
reaction occurred. The compound was recovered unchanged when heated to 250° with 
potassium hydroxide and lead dioxide (compare Graebe and Kraft, Ber., 1906, 39, 794). The 
methyl ether was either unchanged or totally destroyed on heating with aqueous selenious acid 
(compare I.G. Farbenind. A-G., D.R.-P. 347,743; Cook, J., 1932, 1476). Oxidation of the 
methoxy-quinone with hydrogen peroxide resulted in extensive disruption with the production 
of a number of compounds which could not be separated, and distillation with soda-lime did 
not yield a substituted diphenyl (compare Graebe, Ber., 1873, 6, 63). 

Only two of the seven possible hydroxy-l-methylphenanthrenes possess constants similar 


to those of the compound from podocarpic acid and the following comparison showed that the. 


latter is 6-hydroxy-l-methylphenanthrene : 


Methyl ether, Picrate of methyl 


ether, m. p. 


(1) 3-Hydroxy-l-methylphenanthrene, * m. p. 161° 147° 
140—141-5 


(2) 6-Hydroxy-l-methylphenanthrene,f m. p. 161° : 
(3) Phenanthrol from podocarpic acid, m. p. 161° , 140—141-5 
* Hill, Short, Stromberg, and Wiles, J., 1937, 512. 
¢ Plimmer, Short, and Hill, this vol., p. 694. 


m. p 


Admixture of the corresponding pairs (1) and (3) caused 10—20° depressions in the m. p.’s, 


but no depressions were caused by admixture of the pairs (2) and (3). 
The compounds described in the following section were prepared in connexion with various 
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degradation experiments, and, owing to the fixation of the bonds in the phenanthrene system, 
reaction is assumed to have occurred at position 5. 

5-Bromo-6-hydroxy-1-methylphenanthrene.—A solution of bromine (8-5 g.) in chloroform 
was added to a cold solution of 6-hydroxy-1-methylphenanthrene (10-4 g.) in the same solvent 
(300 c.c.). After standing overnight, the solvent was removed, finally under diminished 
pressure, and the residual black solid was repeatedly extracted with hot ligroin. The solution, 
which was decanted from a small amount of oil which separated on cooling slightly, deposited 
5-bromo-6-hydroxy-1-methylphenanthrene in white plates (7-5 g.), m. p. 124° (Found: C, 62:8; 
H, 4:0; Br, 28-2. C,,;H,,OBr requires C, 62-7; H, 3-8; Br, 27-°9%). Methylation with methyl 
sulphate and alkali afforded the methyl ether, which separated from ligroin in elongated plates, 
m. p. 129—130° (Found: Br, 26-4. C,,H,,OBr requires Br, 26-6%). The bromo-ether would 
not react with magnesium in dry ether. 

1-Methyl-5 : 6-phenanthraquinone.—A solution of sulphanilic acid (4-2 g.), sodium hydroxide 
(0-8 g.), and sodium nitrite (1-4 g.) in water (20 c.c.) was added to a mixture of concentrated 
hydrochloric acid (5 c.c.), water (8 c.c.), and ice (20 g.) and the resulting diazo-suspension was 
added at 0° to a mechanically stirred solution of 6-hydroxy-1-methylphenanthrene (4-2 g.) and 
sodium hydroxide (2-4 g.) in water (60 c.c.). After the mixture had been stirred for 10 minutes 
the suspension of the red azo-dye was reduced by addition of powdered sodium hydrosulphite 
(10 g.) at 80—90°. The flocculent precipitate was collected and repeatedly extracted with 
boiling dilute (1 : 25) hydrochloric acid containing sulphur dioxide. Addition of concentrated 
hydrochloric acid precipitated the amine hydrochloride, which was purified by solution in a 
mixture of alcohol and concentrated hydrochloric acid (1:1). 5-Amino-6-hydroxy-1-methyl- 
phenanthrene hydrochloride melted at 243—245° (decomp.) when rapidly heated (Found: N, 
53; Cl, 13-9. C,,;H,,;ON,HCl requires N, 5-4; Cl, 13-7%). Yield, 87%. The free base was 
unstable. A solution of chromic anhydride (1-7 g.) in water (1-6 c.c.) was added to a suspension 
of the amine hydrochloride (4-1 g.) in acetic acid (40 c.c.) at 10°. The temperature rose to a 
maximum of 35° and after a few minutes the solution was poured into water (170 c.c.). The 
crude product contained a black impurity which was difficult to remove, but crystallisation from 
chloroform ultimately afforded 1-methyl-5 : 6-phenanthraquinone as a red powder, m. p. 176— 
177° (decomp.) when rapidly heated (Found: C, 80-7; H, 4-8. C,;H,,O, requires C, 81-1; 
H, 45%). 

5: SF Sicssatsess biaipdiatbinaeiiattelinn- ie quinone (0-2 g.), dissolved in acetic anhydride 
(2-0 c.c.) and pyridine (6 drops), was stirred with zinc dust (0-3 g.) until the solution became 
pale yellow. The mixture was diluted with acetic acid (2-0 c.c.), filtered from excess of zinc, 
and diluted with water, and the solid collected. The diacetate separated from benzene-—light 
petroleum in colourless plates, m. p. 154-5—155° (Found: C, 73-9; H, 5-3. C,,H,,O, requires 
C, 74:0; H, 52%). 

Distillation of Calcium Podocarpate.—Distillation of anhydrous calcium podocarpate (from 
100 g. of the acid) as described by Oudemans (/oc. cit., p. 249) gave 67—74 g. of a tar, which was 
steam-distilled. The distillate was exhaustively extracted with ether and separated into neutral 
and acid portions. The acid fraction (6-6 g.), most of which had b. p. 200—202°, would not 
solidify and was identified by the preparation of the following compounds, which caused no 
depression in the m. p.’s of the corresponding derivatives of p-cresol : (1) p-tolyl benzoate, m. p. 
70° (Found: C, 79-2; H, 58. Calc. for C,,H,,0,: C, 79-25; H, 5-7%), (2) p-tolyloxyacetic 
acid, m. p. 135° (Found: C, 65-2; H, 62. Calc. for C,H,,O,: C, 65-1; H, 6-0%).* The 
neutral product (12-5 g.) was purified by-distillation from sodium in a vacuum; the distillate 
(7-2 g.) had b. p. 154—155°/754 mm., which agrees with the b. p. of carpene recorded by 
Oudemans (Found: C, 88-3; H, 11-4. Calc. for C,H,,: C, 88-5; H, 11-5%). 


We are indebted to the Chemical Society for a grant. 
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* We are grateful to Miss A. Higginbottom, M.Sc., for repeating the distillation of calcium podo- 
carpate and the identification of p-cresol. 
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193. The Influences of Alkyl Groups in Carbonyl Compounds. 
By E. E. AYLING. 


Recorded data of the relative influences of alkyl groups in series of alkyl derivatives 
show that, when the alkyl group is itself participating in the reaction, the normal 
sequence of relative inductive polar effects of the groups is generally observed. 
When the group is merely exerting a modifying influence, there is no similar uniformity. 
Abnormalities are frequent and these lead mainly to simple relative displacements in 
the polar sequence of the groups. 

A survey of known examples, especially of carbonyl compounds, leads to the 
conclusion that a field effect is operative, in addition to the chain-transmitted effect, 
when a single alkyl chain is attached to a susceptible system. Confirmation of this 
view is found in an examination of the behaviour of aliphatic aldehydes in the Hantzsch 
pyridine condensation. The additional effect is considered to be due to the reversed 
field effect of the methyl group, which would be at a maximum with the propyl group 
and is not regarded as leading necessarily to co-ordination of hydrogen. 

The behaviour of aralkyl aldehydes in the condensation shows that phenyl is 
comparable with methyl when substituted in the alkyl chain. Conjugation of an 
ethylenic link with the carbonyl group is found to be more effective in the aliphatic 
than in the aromatic series in decreasing the activity of the aldehyde carbonyl group 
in the condensation. 


Various series of alkyl compounds have been studied from time to time in order to ascertain 
the relative effects of the alkyl groups in influencing a reaction. The theoretical sequence 
of the inductive polar effects of the alkyl groups, v7z., 


Me<Et<Pr<Bu, etc.; n-<iso-, etc. 


is not universally followed and, from a survey of a number of recorded instances, it appears 


that several conclusions may be drawn. The possible agreement of an observed sequence 
with the theoretical one seems to depend, first, on whether the alkyl group is itself partici- 
pating directly in the reaction or is merely exerting its influence in the reacting molecule. 
In the former case, the theoretical sequence of the alkyl groups is generally observed, as in 
the following typical examples: the elimination of various hydrocarbon radicals in the 
paraffinic degradation of quaternary phosphonium hydroxides (Fenton and Ingold, J. 
1929, 2347), the diminution of the ratio koy/ky in the hydrolysis of alkyl glyceric esters 
(Groocock, Ingold, and Jackson, J., 1930, 1057), and the competitive elimination of alkyl 
groups from unsymmetrical mercury dialkyls by means of alcoholic hydrogen chloride 
(Kharasch and Marker, J. Amer. Chem. Soc., 1926, 48, 3130; Kharasch and Flenner, ibid., 
1932, 54,674). The order observed for the relative activity of alkyl iodides in the formation 
of C-alkyl in preference to O-alkyl derivatives with dimethyl- and phenyl-dihydroresorcinols 
(Desai, J., 1932, 1080) is apparently the reverse of what would, at first sight, be expected. 
A similar reversal occurs, however, in the order found in the interaction of alkyl chlorides 
with iodides (Conant and Hussey, J. Amer. Chem. Soc., 1925, 47, 477; compare Bennett, 
Ann. Reports, 1929, 26, 138), now recognised as an example of nucleophilic substitution 
(Hughes and Ingold, J., 1935, 249). The hydrolysis of alkyl halides by means of alkali 
hydroxides, alkoxides, and aryl oxides in anhydrous alcohol has been examined by a 
number of workers, and the whole problem of such nucleophilic substitutions has been 
comprehensively discussed by Hughes and Ingold (tbid.; where also a full bibliography is 
given). With m-alkyl halides such reactions usually give the normal sequence for the 
n-alkyl groups. 

With the second main type of reaction, that in which the alkyl group exerts its influence 
in the reacting compound, no similar uniformity prevails, even in apparently analogous 
cases. Departures from the normal sequence are frequent, but, in general, the anomalies 
lead to simple relative displacements in the sequence of groups, and in these cases the 
anomaly apparently begins with the propyl derivative. For instance, in the nitration 
of alkyl ethers of guaiacol (Allan and Robinson, J., 1926, 376), the sequence for 
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the alkyl groups, as shown by the relative directive powers of the alkoxy-groups, is 
Me < Bu* < Pr* < Et < Pr’, whereas with the corresponding quinol ethers the expected 
normal sequence is found (Robinson and Smith, ibid., p. 392; Clarke, Robinson, and 
Smith, J., 1927, 2647). These results were attributed (Allan, Oxford, Robinson, and 
Smith, J., 1926, 406) to an increase, as the chain lengthens, in the proportion of the polar 
effect which is distributed over the molecule, the effect of the terminal methyl group of the 
n-propyl group being assumed to be largely distributed and only to a small extent trans- 
mitted through the chain. 

Two cases, which at first sight appear to be analogous but yet yield different sequences of 
alkyl groups, arise from the nitration of phenylalkylsulphones and of alkyl benzoates. 
With the sulphones (Baldwin and Robinson, J., 1932, 1445), the order of diminishing 
percentage of m-nitro-derivative follows the normal sequence, Me > Et > Pr* > Bu > Pr, 
whereas, with the alkyl benzoates (Zaki, J., 1928, 983), the corresponding order was found 
to be Me > Pr* > Et > iso-Bu > Am > Bu > Pr* > Hex. In this series, the propyl 
group is again displaced relatively to the ethyl group. The alternation between the odd 
and the even members of the ”-alkyl series was considered by Zaki to be due to neutralis- 
ation of affinities through space between the carbonyl oxygen and the odd-numbered 
carbon atoms of the chain. From the observed results, the effect is apparently at a 
maximum with the third carbon atom of the propyl group. 

The study of the pinacol—pinacolin rearrangement has given data from which the 
relative influences of radicals have been obtained (for bibliography, see Ann. Reports, 
1928, 25, 134; 1930, 27, 115; 1933, 30, 181). For instance, Meerwein (Amnalen, 1919, 
419, 121) and Tiffeneau and Lévy and their co-workers (compare inter alia, Bull. Soc. chim., 
1931, 49, 1617) deduced relative values for the ‘ affinity capacities’ of alkyl groups. The 
sequence obtained, Me > Pr > Bu> Et, does not correspond with the capacity for 
electron release of the groups (compare Ingold, Ann. Reports, 1928, 25, 134), but is regarded 
by Tiffeneau and Lévy (loc. cit.) as being in accord with the theory of alternating affinity. 
In general form, however, the sequence offers comparison with those observed by Allan 
and Robinson and by Zaki (occ. cit.). 

Consideration of the relative influences of alkyl groups on the behaviour of a single 
group of compounds, such as the ketones and their derivatives, shows that concordant 
results are not obtained in different reactions. In the addition of sodium bisulphite to 
simple aliphatic ketones, the alkyl groups exert a normal influence, since the order of 
diminishing yields of bisulphite compounds (Stewart, J., 1905, 87, 186) for the methyl 
alkyl ketones is Me > Et > Pr* > Pr® > t¢ert.-Bu. Similar sequences were also found 
for the same ketones in the formation of oximes (Stewart, ibid., p. 410; Petrenko- 
Kritschenko and Kantscheff, Ber., 1906, 39, 1452) and phenylhydrazones (Petrenko- 
Kritschenko and Eltschaninoff, J. Russ. Phys. Chem. Soc., 1903, 35, 146; Annalen, 1905, 
341, 150). Observations on acetal formation with ketones (Carswell and Adkins, J. Amer. 
Chem. Soc., 1928, 50, 235) and on semicarbazone formation (Conant and Bartlett, ibid., 
1932, 54, 2881) offer scarcely sufficient relevant data to enable conclusions to be drawn. 
With the former, however, the slight differences between the dimethyl, methyl ethyl, 
and methyl propyl ketones, in that order, and the big diminution with methy]l ¢ert.-butyl 
ketone seem to indicate that no abnormality is present. 

Diverse results are obtained in two other cases, viz., the stability of ketone cyanohydrins 
and the iodination of ketones. Lapworth and Manske (J., 1930, 1976) determined the 
dissociation constants for the cyanohydrins of a number of methyl alkyl and phenyl alkyl 
ketones, and considered that the effects observed on varying the size or structure of the 
alkyl groups admit of no simple interpretation. It was, however, concluded that the 
replacement of a hydrogen atom in the «-position in the alkyl group by methyl usually 
increases the stability of the corresponding cyanohydrin, whereas replacement of a £- 
hydrogen atom usually has slightly the opposite effect. This reversal of effect with the 
introduction of the y-carbon atom corresponds with those observed with the guaiacol ethers 
and alkyl benzoates (see above): 

The iodination of a series of methyl m-alkyl ketones (Dawson and Wheatley, J., 1910, 
97, 2048; Dawson and Ark, J., 1911, 99, 1740) shows that the velocities vary irregularly 
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with the nature of the alkyl group, and it was then considered that no satisfactory 
explanation could be offered. Since, however, in a ketone -CH,-CO-CH,-, the hydrogen 
atom may separate from either «-group, two enolising systems will be present simul- 
taneously, and therefore it is not possible to correlate the velocities with any definite 
sequence of alkyl groups. 

Such ambiguity is avoided in more recent observations (Evans, J., 1936, 785) on the 
bromination of a series of phenyl alkyl ketones. The measured velocity is that of the 
acid-catalysed prototropic change, and this depends (Watson, Nathan, and Laurie, /. 
Chem. Physics, 1935, 3, 170; Evans, Morgan, and Watson, J., 1935, 1170) upon (1) the 
rate of reaction between ketone and catalyst and (2) the proportion of the energised form 
which is transformed into the enol by ionisation of «-hydrogen. Introduction of «-alkyl 
groups into acetophenone will facilitate the former process but will decrease the tendency 
for the latter (cf. Evans, Joc. cit.). Although, however, the facilitating influence of the 
alkyl substituents should increase gradually as the number of carbon atoms increases, 
if the groups exhibit their normal polar effects, the substitution acts directly on the seat 
of ionisation of the «-hydrogen, thus changing the enolising system. The governing 
factor in prototropic change is considered to be the reaction between ketone and catalyst 
(Nathan and Watson, J., 1933, 218, 890) and the energy of activation is associated with 
this stage (cf. Evans, Morgan, and Watson, Joc. cit.) but the enolising system remains 
unchanged throughout the series in the prototropic systems, e.g., nuclear-substituted 
acetophenones, with which a definite relationship has been observed between the energy of 
activation and the dipole moment of the substituent (Nathan and Watson, J., 1933, 890). 
The first substitution in acetophenone (to convert methyl into ethyl) might well cause a 
very large diminution in the ionising tendency of the «-hydrogen, subsequent increases in 
the length of the alkyl chain then causing further, but much smaller, diminution. The 
magnitude of the effect of the initial substitution of hydrogen by methyl in other systems 
is indicated by the facts that the introduction of a methyl group into benzene increases 
the rate of nitration about 14-fold (Ingold and Shaw, J., 1927, 2918) and, conversely, 
that the dissociation constant of formic acid is 10 times that of acetic acid (K = 1-77 x 10% 
and 1-75 x 10° respectively; Harned and Owen, J. Amer. Chem. Soc., 1930, 52, 5079), 
the latter example furnishing a partial analogy to the present case. The sudden large 
increasé in the energy of activation in passing from acetophenone to propiophenone, 
observed by Evans (loc. cit.), thus receives a simple explanation without recourse to his 
hypothesis of co-ordination between the 6-hydrogen atom and the carbonyl oxygen in 
propiophenone. 

The series of w-alkylacetophenones, beginning with propiophenone, should illustrate 
more clearly the influence of alkyl groups on the prototropic system. Although the 
lengthening of the m-alkyl chain causes a small continuous decrease in the energy of 
activation with simultaneous decrease in the probability factor, yet there is an apparent 
irregularity in the changes in both from compound to compound. This may be illustrated 
simply by the values for the velocity coefficients at any one temperature, which indicate 
an abnormal effect beginning with the propyl group. The diminution in value from the 
methyl (,;- = 0-104) to the ethyl compound (0-072) is followed by a sharp rise to the 
propyl (0-085) and then a subsequent slight fall to the butyl compound (0-082). The 
series of groups, for CH,R-CO-Ph, when arranged in order of magnitude, v1z., 
Me > Pr > Bu > Et, compares essentially with series previously cited in which there 
is a departure from the normal sequence (p. 1015). 

The dissociation constants of the simple aliphatic acids should give a measure of the 
relative influences of the alkyl groups, but again there is no regular sequence, as shown by 
the following values for the constants : 


Et Pr Bu Am Hex 
1-34? 1-52 * 1-56 ® 1-40 * 1-30 * 
1 Dippy and Williams, J., 1934, 1889. 2 Harned and co-workers, J. Amer. Chem. Soc., 1933, 
55, 2379; 1934, 56, 2039. 3 International Critical Tables, Vol.*VI. 


The general tendency in the series is for a decrease from acetic to u-heptoic acid but this 
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is arrested by the marked increase with u-butyric acid, in which the propyl group is 
combined with the carboxyl group (the subsequent slight increase with the butyl compound 
is due to inaccuracy in the available values, since recent semi-precision measurements on 
n-valeric acid show that its constant is less than that of m-butyric acid; Dr. J. F. Dippy, 
private communication). 

From the foregoing examples it is clear that, where there is a simple departure from 
the normal inductive sequence for the relative influences of alkyl groups the anomaly 
begins with the propyl group, and that the possibility is indicated for the operation of an 
additional influence which may be superimposed on the normal inductive effect. The 
postulates of Allan, Oxford, Robinson, and Smith and of Zaki (locc. cit.) were advanced to 
explain the observations of the respective authors and no indication was given of a wider 
application, although the former might be applicable to the cases of the pinacols, ethylene 
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oxides, and ethylenic compounds studied by Tiffeneau and Lévy and their co-workers 
(loc. cit.) in which alkyl groups, influencing opposing electromeric systems, are compared 
in the same molecule. The second of the above hypotheses is based on the spatial relation- 
ship of a single alkyl chain to the atoms of the system to which it is attached, but it does 
not apply in every case, as is shown by the normal behaviour of the sulphones. A 
comparison of the latter with carboxylic esters, however, shows the type of system in which 
such an additional effect might be active. The presence of two co-ordinate links in 
sulphones gives an electronic structure which is not easily depolarised (cf. Ingold, Ingold, 
and Shaw, J., 1927, 816), whereas the carboxylic ester group is a mesomeric system 
(Ingold, Chem. Reviews, 1934, 15, 244; Sidgwick, J., 1937, 697) and the resonant state of 
such a hybrid molecule should be influenced greatly by both chain-transmitted and field 
polar effects. The mesomeric carboxylic acid group and the keto-enol prototropic system, 
the ion of which has been regarded as mesomeric (Ingold, J., 1933, 1125), should also be 
influenced similarly. The comparison between the alkyl benzoates, the aliphatic carboxylic 
acids, and the w-alkylacetophenones is best shown graphically, and in Fig. 1, m, the 
number of carbon atoms in the alkyl groups of CgH;-CO,C,Hon.3, CnHen.1*CO,H, and 
CsH;-CO-CH,°C,, Hg, , 1, is plotted respectively against yield % in m-nitration (Curve II), 
dissociation constant (Curve I), and velocity coefficient of prototropic change at 25° (Curve 
III). The general agreement is too marked to be merely fortuitous, and leads to the 
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conclusion that a disturbing influence due to the operation of a ‘ field’ or ‘ direct ’ effect, 
beginning with the introduction of the y-carbon atom, is probable whenever the alkyl chain 
is attached to a ‘ susceptible ’ system. Although, on the basis of the values for employed 
in the diagram, the C; atom in the acids (I) is the y-atom from the carboxyl group, yet 
in the esters (II) and ketones (III) the C, atom is actually the 8-atom along the chain from 
the carbonyl group. 


0 C O C 
Ho—c@? Cc,  Ph—c? "Cs Ph—cZ Cs 
CC,’ \o-C, \cH,—C, 
(I.) (II.) (III.) 
The observed effects in the esters depend on the diminution of the m-orienting influence 
of the carboxylate group, and, in the ketones, on the ionisation of the «-hydrogen atom. 
The governing electron movements which are influenced are, therefore, a and 6 respectively in 


DD b 
Ph—CO—O—AIlk and Ph—CO—CH 


Alk 


and the C, atoms in (II) and (III) are the y-atoms in the chain relatively to the atoms 
composing these key systems. 

The normal influence of alkyl groups on the simple additive reactions of ketones indicates 
that such a field effect is apparently not operative in these compounds, although the 
carbonyl group must be regarded as a susceptible system. The heat of formation of the 
carbonyl group has been considered to be unusually high, thus indicating resonance between 


a 
the two structures, C—O and C—O (Pauling and Sherman, J. Chem. Physics, 1933, 1, 606), 
and there is an increasing’ tendency for the adoption of the view that such resonance occurs 
(McKay, Chem. and Ind., 1934, 53, 870; Evans, Morgan, and Watson, J., 1935, 1170; 
Ives, this vol., p. 83). On the other hand, such an effect, if present, would be indistin- 
guishable from ordinary inductive carbon—oxygen polarisation (cf. Ingold, Chem. Reviews, 
1934, 15, 243), and, furthermore, the smaller stability of the dipolar form renders unlikely 
the participation of the latter as an unperturbed structure, since such structures must not 
differ greatly in energy (cf. Hinshelwood, Ann. Reports, 1933, 30, 44; Sidgwick, 7bid., 
1934, 31, 38; J., 1936, 535). In the hybrid structures of esters and amides there is neither 
a dipolar carbon—oxygen link nor a charged carbon atom, and a clear distinction has been 
made between carbonyl compounds, such as acids, esters, and amides, in which resonance 
is possible, and those, like ketones, in which it is not (Sidgwick, J., 1937, 697). It is thus 
desirable to consider the carbonyl group as a polarisable system only through the electro- 
meric effect, especially in view of recent evidence from the force constants of bonds. The 
force constant for the C—O link in formaldehyde (13-4 x 10° dynes/cm.) lies in the 
upper half of the double-bond range (7—15 x 10° dynes/cm.), #.e., the half more remote 
from the single-bond range (<7 x 10° dynes/cm.; cf. Sutherland, Ann. Reports, 1936, 
33, 64). Furthermore, Thompson and Linnett (J., 1937, 1392) consider that the force 
constants in various ethylenic and carbonyl compounds indicate that, although carbon 
dioxide and suboxide possess hybrid links, neither ethylene nor formaldehyde appears to 
be capable of existence in hybrid form. 

The polarisable carbonyl group in ketones is undoubtedly influenced by chain- 
transmitted polar effects, and the absence of a field effect may possibly be due to a mutual 
interaction of the two alkyl groups, which are attached to the same carbon atom and 
influence the same polarisable system. Such an action would tend to modify their 
combined influence without necessarily disturbing the normal sequence of relative inductive 
effects. 

Aliphatic aldehydes, with a single alkyl chain attached to the reactive group, should 
compare more closely with the type of system, acid and ester, which exhibits a field effect. 
No evidence has hitherto been available upon the relative behaviour of a series of aliphatic 
aldehydes. The observations of Ultée (Rec. Trav. chim., 1909, 28, 248) on cyanohydrin 
formation do not differentiate sufficiently between the aldehydes (cf. Lapworth and Manske, 
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J., 1928, 2540), and only two n-alkyl aldehydes have been examined quantitatively for 
semicarbazone formation (Michael, J. Amer. Chem. Soc., 1919, 41, 393; Conant and Bartlett, 
loc. cit.). A reaction which should give data for such a series is the Hantzsch pyridine 
condensation. It has been shown that the variations in the yields of the dihydropyridine 
derivatives from the simpler aromatic aldehydes can be correlated with the polar 
influences of the substituent groups. This is clearly illustrated by the opposing influences 
of the methyl and the nitro-group when introduced into benzaldehyde (Hinkel, Ayling, 
and Morgan, J., 1931, 1836). Although Hantzsch and his pupils employed the majority 
of the simpler aliphatic aldehydes in the synthesis, little information is available concerning 
the relative ease with which they undergo the condensation. The recorded yields of 
dihydropyridine derivatives usually range from 65 to 80% or are merely stated to be 
excellent and the conditions are not always comparable. Of the aldehydes used, only 
with acraldehyde was the reaction said to fail (Engelmann, Amnalen, 1885, 231, 67), but 
it has since been claimed that both this and crotonaldehyde give the condensation 
(Gryszkiewicz-Trochimowsky, J. Russ. Phys. Chem. Soc., 1910, 42, 1377; Gryszkiewicz- 
Trochimowsky and Pavlovskaja, ibid., 1913, 45, 935). 

The behaviour of an aldehyde in the condensation has been regarded as governed by 
the influence of the attached group on the kationoid character of the carbonyl carbon atom 
(Hinkel, Ayling, and Morgan, Joc. cit.). If the alkyl groups exert their normal inductive 
polar influence, it would be expected that the yield of dihydropyridine derivative would 
diminish as the series of aldehydes is ascended and that the following relations would 
be observed: Me > Et > Pr >higher alkyls; m- > iso-alkyl. If an additional field 
effect is superimposed, however, displacements in the normal sequence will occur and, 
from the examples already considered, any abnormality should begin with the propyl 
derivative, 1.e., n-butaldehyde. 

The behaviour of the aldehydes in the Hantzsch condensation, under the standard 
conditions previously described (J., 1931, 1839), is summarised below, the data giving the 
mean yield % of dihydropyridine derivative from the aldehyde R-CHO: 


ie, - sudsqunnknismectoameoestunts Me Et Pr isoPr Bu isoBu Hex 
Peetasndtiduannce 74 82 66 79 75 69 





It is at once evident that the normal sequence does not obtain, and the relative displace- 
ments in the m-alkyl series approximate closely to those observed with the alkyl benzoates, 
the w-alkylacetophenones, and the aliphatic carboxylic acids. The comparison is 
illustrated by the inclusion of the graphical relationship for these aldehydes in Fig. 1, the 
yield of dihydropyridine derivative being plotted against the value of m in R. As in the 
previous cases, there is the marked fall in proceeding from the methyl to the ethyl com- 
pound, followed by a rise to the propyl, and a subsequent fall through the butyl to the 
hexyl compound. , 

The positions of the iso groups are normal, each exerting a greater influence, shown by 
the smaller yield, than the corresponding -alkyl group. The higher yield (by 9%) from 
the isobutyl than from the ssopropyl derivative corresponds with the presence of yy-carbon 
atoms in the former and compares with the 8% higher yield from the propyl than from 
the ethyl derivative. 

The agreement between the results obtained with the aliphatic aldehydes and the 
examples previously cited furnishes strong confirmation of the hypothesis that, when a 
single alkyl chain is attached to a ‘ susceptible’ system, a field effect is operative in 
addition to the normal inductive (chain-transmitted) polar influence of the groups. The 
field effect in the aldehydes is regarded as due to an attraction by the methyl group of the 
unshared electrons of the carbonyl oxygen, thus increasing the internal polarisation of the 
carbonyl group. A similar influence of the methyl group on the unshared electrons of a 
tertiary nitrogen atom has been suggested for dimethyl-o-toluidine and «-picoline (Klaus 
and Baudisch, Ber., 1918, 51, 1041; Baudisch, ibid., 1921, 54, 416). This attraction for 
electrons is in the reverse sense to the electron-repulsive inductive effect of the methyl 
group, and such a reversed field effect has been attributed to the methyl group by Bennett 
and Mosses (J., 1930, 2366; cf. also Baddeley and Bennett, J., 1933, 263; Kenner and 
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Morton, J., 1934, 679; Evans, loc. cit.). It is not considered that this interaction between 
the methyl group and the unshared electrons of the carbonyl oxygen atom leads to the 
formation of a hydrogen bond, since there is no facilitating electron-attractive group 
combined with the carbon atom to absorb the negative charge which would result from the 
ionisation of a hydrogen atom. The presence of this type of group is essential for the 
co-ordination of a hydrogen atom attached to a saturated carbon atom, as, ¢.g., in the 
complexes formed by chloroform with ethers, ketones, and quinoline (Macleod and Wilson, 
Trans. Faraday Soc., 1935, 31, 596; Earp and Glasstone, J., 1935, 1709, 1720; Moelwyn- 
Hughes and Sherman, J., 1936, 104; Huggins, J. Org. Chem., 1936, 1, 452) and in o-nitro- 
toluene (Sidgwick and Callow, J., 1924, 125, 538; cf. Dippy, Evans, Gordon, Lewis, and 
Watson, J., 1937, 1424). 

The first appearance of the field effect with the propyl group corresponds with the 
closest approach of the terminal methyl group in a coiled planar configuration. A limiting 
state for the relevant atoms in n-butaldehyde is represented in Fig. 2, based on the following 
covalent radii (in A.) and intervalency angles: C, single bond, 0-77; C, double bond, 
0-67 ; O, double bond, 0-57 (Pauling and Brock- 
way, J. Amer. Chem. Soc., 1937, 59, 1234); 
H, 0-37 (Sidgwick, ‘‘ The Covalent Link in 
Chemistry,” 1933, 83, 88; Ann. Reporis, 1933, 
80, 113): C<E, 109:5°; C<P, 125° (cf. Sidg- 
wick, ‘“‘The Electronic Theory of Valency,” 
1929, 238). It is clear that the field effect is 
not likely to be a tangible one until the propyl 
group is reached in ascending the series. 
With the butyl derivative, such a simple planar 
configuration is not possible, since there would 
be an overlap between the terminal carbon 
atom (C;, dotted outline in Fig. 2) and the 
oxygen, and between the hydrogen atoms 
attached to C; and the carbonyl carbon atom. 
A field effect would be anticipated here, but 
not to such an extent as with the propyl compound, and the effect should diminish 
further with subsequent increase in the length of the alkyl chain, due to a gradual recession 
of the terminal methyl group from the oxygen. 

In the other series of carbonyl compounds which have been considered, although the 
field effect probably influences the whole mesomeric system, yet similar conditions prevail. 
n-Butyric acid corresponds with the nearest planar approach of the terminal methyl to the 
symmetrical mesomeric carboxyl group without overlap. In the unsymmetrical esters 
and alkylacetophenones, the propyl derivatives correspond with the nearest planar approach 
of the methyl group to the atoms composing the respective key systems (cf. p. 1018). 

In addition to the aliphatic aldehydes, the behaviour of two aralkyl aldehydes, phenyl- 
acetaldehyde and $-phenylpropaldehyde, has been examined in the Hantzsch condensation, 
in order to compare the relative influences of phenyl and methyl groups in an alkyl chain. 
The results obtained agree with the observation of Lapworth and Manske (loc. cit.) that 
the replacement of a methyl by a phenyl group in an alkyl chain has scarcely any influence 
on the stability of a ketone cyanohydrin. The yields (%) in the condensation are : 


/Ph:CH,*CHO--------Ph-CH,*CH,*CHO 
86 


CH,CHOS =? 
81 “\Me*CH,*CHO-------Me-CH,*CH,CHO 
74 82 





The similarity in behaviour is remarkable, since the permanent inductive effect of the phenyl 
(—Z) is opposite to that of the methyl group (+/), and in the phenyl aliphatic acids the 
substitution of phenyl for methyl increases the dissociation constant (Dippy and Lewis, J., 
1937, 1010). The lower yield from phenylacetaldehyde than from acetaldehyde appears 
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to furnish another example of the subordination of the polar influence of phenyl to that of 
methylene (idem, ibid.). The yield with 6-phenylpropaldehyde is noteworthy as being the 
highest from any alkyl or aralkyl aldehyde examined, and must be attributed to the direct 
action through space of the intrinsic attraction of the phenyl group for electrons (compare 
idem). 

The influence of an ethylenic link conjugated with the carbonyl group has been observed 
with crotonaldehyde and cinnamaldehyde. A comparison of the yields from these 
aldehydes with those from the corresponding saturated aldehydes confirms the view that 
conjugation tends to stabilise the carbonyl form of an aldehyde or ketone (Lapworth and 
Manske, J., 1928, 2535). 


Me-CH : CH-CHO 37 Ph-CH : CH-CHO 
Me-CH,-CH,-CHO Ph-CH,-CH,-CHO 
The lowering of the activity of the aldehyde, represented by the diminution in yield, is 
much more marked with crotonic than with cinnamic aldehyde. This may be attributed to 
either of two factors : (1) the conjugation of the ethylenic link in cinnamaldehyde with the 
benzene nucleus (x), which would act oppositely to the conjugation of the ethylenic link 
with the carbonyl group (y), or (2) the operation in crotonaldehyde of the additional 
mechanism for electron-release by methyl groups (z) (Baker and Nathan, J., 1935, 1845) 
which would augment the conjugation (y). On the data available it is not possible to 
sad - 2 y 
ke,” ple 7 > f_ > 
Ph—CH-—CH—CHO H—CH,—CH—CH—CHO 
decide whether only one or both of these occur, but the difference is so large that it may 
well arise through the influence of both factors. 

A general comparison of the results obtained with alkyl and with aromatic aldehydes 
in the Hantzsch condensation shows one important feature. The range of yields from the 
former (66—86%), except crotonaldehyde, is very much smaller than the range from the 
latter (O—88%) (J., 1931, 1837; 1932, 1113; 1935, 816). An essential difference between 
the two series is that the aromatic aldehydes have the benzene nucleus attached to the 
carbonyl group. The presence of this mesomeric system will facilitate the polar influences 
of substituents, the benzene nucleus being a much more efficient transmitter than a 
saturated chain. The influences may even be augmented, since substitution appears 
usually to cause an increase in the resonance energy of benzene (Pauling and Sherman, 
loc. cit.). 

The majority of the alkyldihydropyridine derivatives prepared by Hantzsch and his 
pupils are normally oxidised by dinitrogen trioxide to the corresponding pyridine derivative. 
Two recorded exceptions are 4-isopropyl- and 4-benzyl-2 : 6-dimethyl-1 : 4-dihydro- 
pyridine-3 : 5-dicarboxylic esters, both of which yield 2 : 6-dimethylpyridine-3 : 5-di- 
carboxylic ester, the substituent group in the 4-position being eliminated (Engelmann, 
Annalen, 1885, 231,47; Jeanrenaud, Ber., 1888, 21, 1783). A similar elimination has been 
found to occur with each of these compounds when n-nitric acid is used as the oxidant. 
An exception in the aromatic series is the dihydropyridine derivative from p-dimethyl- 
aminobenzaldehyde, which gives #-nitrosodimethylaniline nitrate with dinitrogen trioxide 
(Hinkel and Cremer, J., 1920, 117, 137). In this instance, it was found that with sulphur 
normal oxidation results, and the use of sulphur is equally efficacious with the above 
two alkyldihydro-derivatives, oxidation proceeding smoothly to give the 4-isopropyl- 
and 4-benzyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylic esters. The 4-n-butyldihydropyridine 
derivative, formed from n-valeraldehyde, is oxidised normally with N-nitric acid. The 
4-8-phenylethyldithydropyridine derivative, from $-phenylpropaldehyde, only acts slowly 
with the latter reagent and tends to deposit a crystalline nitrate of the pyridine base; 
normal oxidation proceeds easily with sulphur. 


EXPERIMENTAL. 


Maiterials.—The aldehydes, except acetaldehyde, and ethyl acetoacetate were purchased as 
pure materials. Acetaldehyde was prepared from paraldehyde. For purification, they were 





1022 Ayling: The Influences of 


subjected to repeated fractional distillation under either atmospheric or reduced pressure, with 
the usual rejection of initial and final fractions, and were distilled immediately before use. 
The following b. p.’s provide additional data or distinguish between alternatives quoted in 
Beilstein: n-butaldehyde, b. p. 75-5°/777-5 mm.; m-valeraldehyde, b. p. 103°/767 mm.; iso- 
valeraldehyde, b. p. 93°/764 mm.; cinnamaldehyde, b. p. 134°/19 mm.; §-phenylpropaldehyde, 
b. p. 101-5°/10-5 mm.; phenylacetaldehyde, b. p. 82°/10 mm., 93°/20 mm. 

Hantzsch’s Condensation with the Aldehydes.—The standard procedure previously described 
(Hinkel, Ayling, and Morgan, J., 1931, 1839) was employed, except for minor details in the 
isolation of some of the products (described later) necessitated by the solubility in methyl 
alcohol of the dihydropyridine derivatives from some of the higher aldehydes. With each 
aldehyde the condensation was carried out in duplicate, the mean of the yields being the value 
quoted in the theoretical portion. The use of m/10 instead of m/20 proportions gave no 
appreciable difference with propaldehyde, and the former were used with acetaldehyde, a 
confirmatory condensation being made with acetaldehyde-ammonia using the customary m/20 
quantities. The condensations with n-valeraldehyde and {$-phenylpropaldehyde have not 
previously been described. 

Ethyl 2: 6-dimethyl-4-n-butyi-1 : 4-dihydropyridine-3 : 5-dicarboxylate crystallised from 
methyl alcohol in a mass of prismatic needles, m. p. 97° (Found: C, 65-9; H, 8-5; N, 4-6. 
C,,H,,;0,N requires C, 66-0; H, 8-7; N, 45%). Yields: 12-0 and 12-3 g., 77-7 and 79-6%. 
The corresponding 4-8-phenylethyl compound crystallised from methyl alcohol in clusters of 
almost colourless prismatic needles, m. p. 112° (Found: C, 70-2; H, 7-4; N, 41. C,,H,,O,N 
requires C, 70-6; H, 7-6; N, 39%). Yields: 15-2 and 15-4 g., 85-2 and 86-3%. 

The results with the remaining aldehydes are summarised below. When there was an 
appreciable difference between the m. p. found for the dihydropyridine derivative and that 
recorded in the literature the derivative was analysed, the results being given in the following 
section. 

Dihydropyridime derivatives. 
Aldehyde. Yields (g.). Yields (%). M. p. M. p. (lit.). 

* 21-8* 80-9, 81-65 130° 131°? 

20-6* 74-7, 73-3 110° 

12-15 82-0, 82-4 , 1184 

isoButyric . 9-7 67-1, 65-8 97 3 

isoValeric . 11-5 75-7, 74-4 100 3 

n-Heptoic . 11-7 68-2, 69-4 544 


Phenylacetic . 12-3 —, 71-7 1155 
Cinnamic : 13-3 73-8, 74-9 148—149 2 
Crotonic . 5-5 36-9, 37-5 144-5—145-5 & 


* m/10-proportions. 
References: 1 Hantzsch, Annalen, 1882, 215, 1. 2 Epstein, ibid., 1885, 281, 3. 3’ Engelmann, 


ibid., p. 37. + Jaeckle, ibid., 1888, 246, 32. * Jeanrenaud, Ber., 1888, 21, 1783. ° Gryszkiewicz- 
Trochimowsky, /. Russ. Phys. Chem. Soc., 1910, 42, 1377. 


Additional condensations, fresh materials being used throughout, were carried out with 
several of the aldehydes, and the concordant results obtained confirm the reproducible nature 
of the experiments: aldehyde-ammonia, 10-9 g., 81-65% ; n-heptaldehyde, 11-5 and 11-7 g., 
68-2 and 69-4% ; phenylacetaldehyde, 12-3 and 12-5 g., 71-7 and 729% ; B-phenylpropaldehyde, 
15-4 g., 86-3%. 

Notes on the Condensations with Certain Aldehydes.—n-Butaldehyde. No difficulty was 
experienced in isolating the product (clusters of colourless needles from methyl alcohol), 
immediate crystallisation occurring on cooling the reaction mixture (cf. Jaeckle, Joc. cit., who, 
however, used gaseous ammonia and no definite volume of alcohol)(Found: C, 64-6; H, 8-4. 
Calc.: C, 65-1; H, 8-5%). isoButaldehyde. Crystallisation occurred on allowing the reaction 
mixture to stand after cooling (cf. Engelmann, /oc. cit.) ; 75% aqueous methyl alcohol was used 
for washing the product. isoValeraldehyde. The product did not crystallise readily (compare 
Engelmann) and it was found best to allow all the alcohol to evaporate, whereupon the product 
solidified, and then to treat it with 75% aqueous methyl alcohol; in the later stages, light 
petroleum (b. p. 40—60°) was used for washing the separated solid (Found: C, 66-0; H, 8-5. 
Calc.: C, 66:0; H, 87%). n-Heptaldehyde. The product did not crystallise readily and, 
owing to its solubility in the alcohols and to its tendency to liquefy with aqueous alcohols, the 
alcohol was allowed to evaporate completely from the reaction mixture, and the resulting 
solid was washed with light petroleum (b. p. 40—60°)(Found: C, 68-0; H, 92. Calc.:. C, 





[1938] Alkyl Groups in Carbonyl Compounds. 1023 


67:7; H, 9-2%). Phenylacetaldehyde. Aqueous methyl alcohol was used for washing in the 
later stages (Found: C, 70-4; H, 7-3. Calc.: C, 70-0; H, 7-3%). Cinnamaldehyde. Epstein 
(loc. cit.) comments on the heat evolved when the reactants are mixed for this condensation ; 
under the conditions employed here, there is some evolution of heat on mixing with all aldehydes, 
and this one is not abnormal, several others comparing with it. Cyrotonaldehyde. After the 
separation of as much solid as possible from the sticky reaction mixture, the latter was dissolved 
in ether and washed with 4Nn-sodium hydroxide, 4N-hydrochloric acid, and then water; the 
product from the dried extract yielded a further small quantity of solid with aqueous methyl 
alcohol (Found : C, 65-2; H, 7-9; N, 4-7. Calc.: C, 65-5; H, 7-9; N, 48%). 

Oxidation of Dihydropyridine Derivatives with Nitric Acid.—The itsopropyldihydropyridine 
derivative (1 g.) was heated under reflux with N-nitric acid (50 c.c.) until complete solution 
occurred (2 hours). The cooled, filtered solution was made alkaline with solid sodium carbonate, 
and the resulting precipitate separated. Crystallisation from aqueous methyl alcohol yielded 
ethyl 2 : 6-dimethylpyridine-3 : 5-dicarboxylate in fine, hair-like needles, m. p. 73° (Found : 
C, 62:3; H, 6-7; N, 5-6. Calc.: C, 62:1; H, 6:7; N, 56%). 

The n-butyldihydropyridine derivative (3 g. at a time), treated as described above, yielded 
an oil which was extracted with ether. Fractionation of the dried (sodium sulphate) extract 
yielded ethyl 2 : 6-dimethyl-4-n-butylpyridine-3 : 5-dicarboxylate as a colourless oil, b. p. 198 
199°/16 mm. (Found : C, 66-7; H, 7-9; N, 4-9. C,,H,;0,N requires C, 66-5; H, 8-1; N, 4-6%). 

The benzyldihydropyridine derivative (2 g.) yielded ethyl 2 : 6-dimethylpyridine-3 : 5- 
dicarboxylate, m. p. and mixed m. p. 73°. An odour of benzaldehyde was perceptible after the 
oxidation. 

The 8-phenylethyldihydropyridine derivative (2 g.) only oxidised very slowly, a little 
remaining even after 40 hours’ heating. The filtered acid solution deposited the nitrate of 
ethyl 4-8-phenylethyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate as iridescent needles, m. p. 
128° (Found: N, 6-4. C,,H,,;0,N,HNO, requires N, 6-7%). Basification of the above acid 
solution, without separation of the nitrate, and extraction yielded the pyridine base, m. p. and 
mixed m. p. 34° (see below). 

Oxidation of Dihydropyridine Derivatives with Sulphur.—The isopropyldihydropyridine 
derivative (12 g.) and sublimed sulphur (1-3 g.) were heated at 200° until the molten mixture 
became clear and free from gas bubbles (1-25 hours), no sulphur then remaining. The thick 
liquid obtained on cooling was extracted with 4n-hydrochloric acid, the extract filtered, and 
solid sodium carbonate added. The liberated oil was extracted with ether, and fractionation 
of the dried (sodium sulphate) extract yielded ethyl 2 : 6-dimethyl-4-isopropylpyridine-3 : 5- 
dicarboxylate as an almost colourless oil, b. p. 183°/11 mm. (Found: C, 65-4; H, 7-6. C,gH,,0,N 
requires C, 65-5; H, 7-8%). 

The benzyldihydropyridine derivative (10-75 g.) and sulphur (1 g.) were heated at 200° for 
45 minutes. On the addition of 4n-hydrochloric acid, fine, silky needles of the hydrochloride 
separated, but these dissolved on addition of water. Treatment of the solution, as above, yielded 
ethyl 4-benzyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate as a colourless oil, b. p. 225°/12 mm., 
which solidified on long standing and gave m. p. 46° (Found: C, 70-7; H, 6-6; N, 4:1. 
Cy)H,,0,N requires C, 70-4; H, 6-7; N, 4:1%). On adding a small volume of 4n-hydrochloric 
acid to the liquid base, it began to dissolve and then almost immediately the hydrochloride 
separated as fine, colourless, silky needles, m. p. 89° (Found : HCl, 9-3. C,9H,3;0,N,HCI requires 
HCl, 9-7%), soluble in excess of acid but salted out by sodium chloride. 

The 8-phenylethyldihydropyridine derivative (8-95 g.) and sulphur (0-8 g.) were heated at 
170° for 1-25 hours. The above procedure being followed, a solid (probably the hydrochloride 
of the pyridine base) separated during the addition of the sodium carbonate, but it was 
decomposed as the addition was continued. Extraction and fractionation of the liberated oil 
yielded ethyl 4-8-phenylethyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate as a colourless oil, b. p. 
246—247°/18 mm., which solidified on long standing and then had m. p. 34° (Found: C, 70-5; 
H, 6-9; N, 3:7. C,,H,,0O,N requires C, 71:0; H, 7-0; N, 3-9%). 


The author is indebted to Dr. L. E. Hinkel for his continued interest, and to the Chemical 
Society and Imperial Chemical Industries, Ltd., for grants. 


UNIVERSITY COLLEGE, SWANSEA. [Received, March 30th, 1938.) 
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194. The Prototropy of the Nitromethanes. Part I.. Chloro-, Bromo-, 
and Nitro-phenylnitromethanes. 


By R. G. Cooke and A. KILLEN MACBETH. 


The rate of prototropic change from the isonitro-ion to the normal nitro-form has 
been followed in aqueous ethanol (50%) solutions of o-, m-, and p-chloro-, -bromo-, 
and -nitro-phenylnitromethanes. The order observed is NO,>Hal.>H, so the change 
is a Class B reaction according to Ingold and Rothstein’s classification. 

The curves generally are of a two-fold type, first showing a concavity upwards, 
but later a linear relationship such as has previously been observed by Branch and 
Jaxon-Deelman with nitromethane and phenylnitromethane. A similar mechanism 
may therefore be assumed in all the cases examined.’ o-Nitrophenylnitromethane 
gives an abnormal curve. 

The velocity of prototropic change is in the sense (0), >m for the nitro-com- 
pounds, but the halogeno-compounds do not show such an effect. 


It was shown by Hantzsch (Ber., 1896, 29, 2251; 1899, 32, 607) that the reversible 
electrolytic dissociations of nitromethanes are sufficiently slow in both directions to allow 
the change in electrical conductivity to be measured when their salts are formed by 
reaction with bases or when such salts react with hydrogen ions. The slow rates of these 
ionic reactions are attributed to structural change, and Branch and Jaxon-Deelman (J. 
Amer. Chem. Soc., 1927, 49, 1765; see also Ingold, Ann. Reports, 1927, 24, 107) carried 
out more exact conductometric measurements with nitromethane and phenylnitromethane 
in order to measure the rates of reaction and elucidate the mechanism of the change. 
They concluded that the two-fold character of the curves they obtained could be 
explained by assuming the formation of a second type of isonitro-compound by a 
reversible reaction, such as 


O 


R-CH=N2O + H* — R-CH—N—OH, 
\0/ 


which is followed by a comparatively slow change of the ion of the isonitro-acid to an 
ion which combines rapidly with a hydrogen ion to form the normal un-ionised nitro- 
compound, the reaction being unimolecular. Their formulations, however, require some 
modification in view of the later work of Kuhn and Albrecht (Ber., 1927, 60, 1297) and 
Shriner and Young (J. Amer. Chem. Soc., 1930, 52, 3332) on the optical activity of certain 
tsonitromethane salts. 

The object of the present investigation was to determine the effect, if any, of 
substituents in the benzene nucleus on the rate of prototropic change of phenylnitro- 
methanes; and to see from the graphical results if a similar mechanism to that advanced 
by Branch and Jaxon-Deelman (loc. cit.) was valid. Whatever the actual course of the 
change from the isonitromethane to the normal form, a recession of electrons from the end 
of the side chain towards the nucleus, with the consequent concentration of charge on 
the “methane” carbon atom, may be expected to promote the change. Hence, the 
presence of groups such as nitroxyl or of atoms with high electron affinities, such as the 
halogens, should increase the rate of prototropic change; whereas substituents of 
opposite electrical character should exert a deactivating effect. Substitution effects on 
this type of unsymmetrical triad mobility have not been studied to any great extent, 
and the conditions under which the reaction has been examined are unusual in work on 
side-chain reactivity: the low temperature, low concentration, and absence of excess of 
mineral acid or alkali should reduce disturbing effects to a minimum. 

The rates of reaction were measured only in one direction, viz., that of the formation 
of the nitro-compounds by the combination of ions; and under the experimental con- 
ditions secondary decomposition of the nitro-compounds may be regarded as negligible. 

The experimental curves are shown in Figs. 1 and 2, in whith log (Ro — R,)/Re is 
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plotted against time, R, being the resistance at time ¢, and Ro that after all significant 
change has ceased. With one exception these display the two-fold character described 
by Branch and Jaxon-Deelman, being concave upwards at the outset but later assuming 


Fic. 1. Fie. 2. 
Time ( (mins). 


40 80 720 160 200 240 0 40 80 720 =| «60 200 240 
Time (mins.). Time (mins.). 


Upper curve : Phenylnitromethane. Upper curves: (1) m-, (II) p-, (III) 0-Nitro- 
Lower curves: (I) p-, (II) m-, (III) o- phenylnitromethane. 

Bromophenylnitromethane. Lower curves : (I) p-, (II) m-, (III) o-Chloro- 
phenylnitromethane. 


a linear form. Similar mechanisms may therefore be postulated in all the cases so far 
examined. 
The rates of prototropic change obtained from the linear portion of each curve are set 
out below, that of the parent phenylnitromethane being taken as unity. 
Substituent. o-. m-. p-. 
. 16-40 19-60 
5-00 3-23 
4:5 2-51 
* Abnormal. 


Ingold and Rothstein (J., 1928, 1217) have grouped side-chain reactions in two classes, 
A and B, in which the change is facilitated respectively by accession of electrons to, and 
by recession of electrons from, the point of attack. Qualitatively it has been shown that 
a substituent which accelerates reactions of one class frequently retards those of the 
other; e.g., the order CH,>H> Halogen>NO, holds throughout Class A, and the reverse 
order throughout Class B. From the results recorded above it is evident that the 
prototropy of the phenylnitromethanes is a Class B reaction, and the qualitative relation- 
ship in so far as it has been examined holds good. 

A summary of work on side-chain reactions (Williams, J., 1930, 40) shows that with 
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few exceptions the accelerating effect of nitroxyl is in the sense 0, j>m. In agreement 
with this, we find that the rate of prototropic change in the case of the p- exceeds that 
of the m-compound; but it is not possible to submit data for the o-derivative, as this 
curve is the only exceptional one recorded. 

The concavity upwards in this curve in the region in which linear relationships are 
found in all other cases may be due to some “ ortho-effect ’’ of the nitro-group (cf. 
Williams, loc. cit.; van Duin, Rec. Trav. chim., 1927, 46, 256; Kindler, Annalen, 1928, 
464, 278; Baddeley and Bennett, J., 1933, 263). An analogous effect has not been 
observed in the case of the chloro- or bromo-compounds. 


EXPERIMENTAL. 


Measurements.—The reaction was followed conductometrically by Branch and Jaxon- 
Deelman’s procedure (loc. cit.). The temperature in each case was 0°, and the solvent aqueous 
ethanol (500 c.c. of ethanol per 1.). Equal volumes of 0-01M-solutions of hydrochloric acid 
and the nitromethane sodium salt were mixed, giving a final concentration of 0-005m with 
respect to both the y-acid and the sodium chloride. For each substance several separate 
determinations were carried out, the curves being drawn from the mean values. The mean 
velocity constants given by the slope of the curves lead to the following values of & : 


Substituent. 104% (sec.-1). Substituent. 10‘ (sec.-1). Substituent. 104k (sec.-1). 
(Unsubstituted) ... 0-94 o-Chloro- 5:38 o-Bromo- 7-05 
m-Nitro- 15-4 m- 4, 4-23 4-70 
?- » 18-4 a » 36 3-03 

Materials.—The aryl nitromethanes were prepared by one or other of two general methods. 

Method (a). The corresponding benzyl iodide is shaken for some hours in ethereal solution 
with a slight excess of freshly prepared silver nitrite, and the mixture kept overnight. Silver 
iodide is filtered off, and 5% sodium methoxide added to the filtrate. The precipitated nitro- 
methane sodium salt is washed with ether, dissolved in water, and acidified with hydrochloric 
acid, the liberated nitromethane being worked up in the usual way. The following compounds 
were thus prepared, and crystallised from ethanol unless otherwise specified : o-Nitrophenyl- 
nitromethane, pale yellow needles, m. p. 71—72° (Holleman, Rec. Trav. chim., 1896, 15, 367) ; 
m-isomer, yellow needles, m. p. 94—95° (Hantzsch, Ber., 1907, 40, 1555); p-isomer, yellow 
needles, m. p. 91—92° (Hantzsch and Veit, Ber., 1899, 32, 621); »-chlorophenylnitromethane, 
colourless needles, m. p. 33° (van Raalte, Rec. Trav. chim., 1899, 18, 392); -bromophenyl- 
nitromethane, colourless needles from light petroleum, m. p. 58° (Wislicenus and Elvert, Ber., 
1908, 41, 4129). , 

Method (b). Equimolecular proportions of the substituted phenylacetonitrile, ethyl nitrate, 
and potassium ethoxide are allowed to condense in alcoholic solution at room temperature. 
The deep brown-red solution soon deposits crystals of the potassium salt of the isonitroaceto- 
nitrile (potassium gives better yields than sodium in this reaction). The precipitation is 
completed by addition of ether, and after being collected and washed with ether, the solid is 
hydrolysed by boiling with 20% sodium hydroxide solution until ammonia is no longer 
evolved. After concentration until crystals begin to separate, the liquid is cooled, and the 
solid sucked dry. The mass is dissolved in water and the nitromethane liberated by 
acidification of the ice-cold solution is worked up in the usual way. The following compounds 
were thus prepared: Phenylnitromethane, b. p. 105°/13 mm. (Wislicenus and Endres, Ber., 
1902, 35, 1759); 0-chlorophenylnitromethane, yellow oil, b. p. 109°/10 mm. (Found: N, 8-4. 
C,H,O,NCI requires N, 8-2%); m-chlorophenylnitromethane, yellow oil, b. p. 128°/13 mm., 
solidifying on cooling to a mass of crystals, m. p. 23° (Found: C, 49-4; H, 3-7; N, 8-2. 
C,H,O,NCl requires C, 49-0; H, 3-5; N, 82%); o-bromophenylnitromethane, yellow oil, 
b. p. 139°/7 mm. (Found: Br, 37-2. Calc. for C;,H,O,NBr: Br, 37-1%) (Wislicenus and 
Fischer, Ber., 1910, 48, 2238, report white crystals, m. p. 55—56°); m-bromophenylnitromethane, 
long white needles, m. p. 23—24°, from light petroleum at low temperatures (Found: C, 
39-5; H, 2-75. C,H,O,NBr requires C, 38-9; H, 2-8%). 


We thank the Commonwealth Government for a Federal Research Grant which enabled 
one of us (R. G. C.) to take part in the work. 


JOHNSON CHEMICAL LABORATORIES, 
UNIVERSITY OF ADELAIDE, S. AUSTRALIA. [Received, May 9th, 1938.] 
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195. Studies of Ionisation in Non-aqueous Solvents. Part I. 
The Formation of Certain Complex Cyanides. 


By WILLIAM L. GERMAN. 


A series of reactions between metallic salts and potassium cyanide in solution in 
methyl and ethyl alcohols has been studied. The results indicate a close similarity 
between these reactions and those taking place in water. 


THE reaction between solutions of sodium and potassium cyanide and salts of various 
metallic bases has been investigated in aqueous solutions by Moles and Izaguirre (Anal. 
Fis. Quim., 1921, 19, 33) and by Britton and Dodd (J., 1932, 1940) by conductivity 
titrations, and also by Glasstone (J., 1929, 690; 1930, 1237), who used potentiometric 
titrations. No attention seems to have been paid hitherto to analogous reactions in 
non-aqueous solvents. To this end reactions between potassium cyanide and salts of 
silver, cadmium, mercury, nickel, and copper have been studied in methyl and ethyl 
alcohols. The dielectric constants of these liquids are lower than that of water, and 
their dissociating power is thus less. Nevertheless, the reactions observed in these 


alcohols closely resemble those in aqueous solutions. , 


EXPERIMENTAL. 


The methyl alcohol (ex water gas) was found to contain 0-25% of acetone and about 5% 
of water. It was purified by the method of Hartley and Raikes (J., 1925, 127, 524) and 
dehydrated with aluminium amalgam, since, as these authors point out, the use of quicklime 
causes considerable loss of solvent. The sample used for preparing the solutions had b. p. 
64—65° and was stored in Pyrex flasks and protected from atmospheric moisture. The ethyl 
alcohol was purified by distilling it successively over dilute sulphuric acid, solid caustic potash, 
and silver nitrate according to Danner and Hildebrand (J. Amer. Chem. Soc., 1922, 44, 2824), 
and dehydrated by refluxing with freshly burnt lime. The fraction of b. p. 78—79° was 
collected. Water was present in these solvents only in minute traces, as shown by adding 
calcium carbide to a sample and testing for acetylene with ammoniacal cuprous chloride 
solution (see Weaver, ibid., 1914, 36, 2462). 

The salts used were of ‘ AnalaR ’ quality and were dehydrated where necessary and stored 
in vacuum desiccators over calcium chloride. Solutions of them were made by quickly 
weighing out the finely powdered anhydrous salt and dissolving it in the solvent. Where 
heating was necessary, precautions were taken to exclude atmospheric moisture. A good 
sample of potassium cyanide was dried at 120°, refluxed with the alcohol, cooled to room 
temperature, and standardised with silver nitrate by Liebig’s method. Owing to the low 
solubility of potassium cyanide in the alcohols, it was only possible to prepare solutions of 
the order mM/20. These were used within 2 or 3 days. If carefully stored out of contact with 
air in Pyrex bottles, such solutions maintained a constant conductivity over this interval, 
but on longer storage the solutions become yellow, recalling the behaviour of similar aqueous 
solutions, in which decomposition is known to take place. 

The conductivity titrations were performed in well-stoppered Pyrex cells in an electrically 
controlled thermostat at 25°+0-01°. MResistances were measured on an accurate helicoid 
bridge calibrated by the makers (Messrs. H. Tinsley and Co.). Alternating current at about 
1000 cycles was supplied by a Cambridge reed hummer. 

Owing to the slowness of some of the reactions, the conductivities only became constant 
after a considerable time. The precipitates for analysis were prepared by mixing the 
appropriate amounts of the solutions and leaving them overnight. In most cases they were 
gelatinous and often difficult to filter off and wash with the appropriate alcohol. They were 
dried by standing over calcium chloride for several weeks in vacuum desiccators, which were 
re-exhausted from time to time. The cyanide content in them was found either by dropping 
acid on the substance and distilling off the hydrogen cyanide (Schimpf, ‘‘ Manual of Volumetric 
Analysis,” 1926, p. 277) or, in the case of the more insoluble ones, by Kjeldahl’s method. The 
metal contents were found gravimetrically by the usual procedures. 

Results of the conductivity titrations for methyl alcohol are given in Fig. 1 and for ethyl 
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alcohol in Fig. 2. The abscisse represent mols. of potassium cyanide per mol. of all titrates 


except silver nitrate, for which, in Fig. 1, 2 mols. are represented. The ordinates are con- 
ductivities. 


Fic. 1. 
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Potassium Cyanide and Silver Nitrate.—In dilute aqueous solution the first reaction is the 
formation of silver cyanide, which then dissolves in excess cyanide forming a complex 
compound KAg(CN),, which gives rise to an Ag(CN),’ ion (see Euler, Ber., 1903, 36, 2878; 
Bodlander and Eberlein, Z. anorg. Chem., 1904, 39, 197; Glasstone, Joc. cit.; Britton and 
Dodd, Joc. cit.; Bassett and Corbet, J., 1924, 125, 1660). There are indications that in more 
concentrated solutions other ions such as Ag(CN),” and Ag(CN),’” are formed. In the dilute 
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alcoholic solutions used the behaviour seems to be analogous: in both alcohols on addition of 
potassium cyanide there is immediate precipitation of the normal cyanide (Found, for ppt. in 
ethyl alcohol: Ag, 42:20; CN, 998%; Ag:CN=1-02:1. Found, for ppt. in methyl 
alcohol: Ag, 44-51; CN, 10-70%; Ag: CN = 1: 0-99). 
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The specific conductivity decreases until 1 equiv. of cyanide has been added, and thereafter 
increases as the precipitate dissolves in the excess alkali cyanide. Dissolution is complete after 
the addition of 2 equivs., and thereafter there is little change in conductivity. The solution 
of silver cyanide in excess potassium cyanide in methyl and ethyl alcohols therefore contains 
the ion Ag(CN),’ at these dilutions. 

Potassium Cyanide and Copper Chioride.—In aqueous solution the compounds formed 
between copper salts and excess of potassium cyanide solution seem again to depend on the 
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concentration. Bassett and Corbet (loc. cit.) concluded from a phase-rule study of the system 
KCN-CuCN-H,O that compounds KCu,(CN);, KCu(CN),, and K,Cu(CN), are formed in con- 
centrated solutions. Kunschert (Z. anorg. Chem., 1904, 4, 359) concluded from E.M.F, 
measurements on solutions of copper salts in excess potassium cyanide that the complex ions 
Cu(CN),’” and to a less extent Cu(CN),” were formed. Moles and Izaguirre (loc. cit.), from 
conductivity titrations, deduced the formation of a Cu(CN),’” ion at ordinary temperatures : 
other compounds were formed at 0° but were not very stable. Glasstone’s electrometric 
titration of copper cyanide with sodium cyanide solution (loc. cit.) points to the formation at 
the dilution used of Cu(CN),’ and Cu(CN),” ions. 

In ethyl alcohol, addition of potassium cyanide to the solution of cupric chloride results 
in the formation of a brown gelatinous precipitate of indefinite composition; e.g., that 
prepared by the addition of a little more than 1 equiv. of cyanide had copper and cyanide in 
the ratio 1: 0-80 (Found: Cu, 28-50; CN, 9-25%). Precipitation of the copper at this point 
was incomplete, the solution remaining green. After the addition of 2 equivs. of cyanide 
precipitation was complete, and the conductivity fell as the cyanide was used to dissolve the 
precipitate and rose again after the addition of 4 equivs. Actually, the precipitate had 
dissolved to a clear solution after the addition of 3 equivs. of cyanide, pointing to the 
formation of a Cu(CN),’ ion, but as there is no rise in conductivity till after the addition of 
4 equivs. of cyanide, it appears that this ion is not very stable and that the ultimate product 
is a Cu(CN),” ion. 

In methyl alcohol, precipitation of the copper as a brown gelatinous substance which 
turns green later occurs immediately, and on addition of 1 equiv. of cyanide a powder was 
formed in which the ratio Cu: CN was 1-0: 0-98 (Found: Cu, 56-01; CN, 21-80%). It seems 
therefore that, on standing, cupric cyanide decomposes into the cuprous compound in methyl 
alcohol as it does in water. After the addition of 2 equivs. of cyanide precipitation was 
complete: there was little further conductivity change and the precipitate dissolved 
completely to a colourless solution after the addition of 3 equivs. of cyanide. There is thus 
formed a Cu(CN),’ ion, though the conductivity curve does not show this as clearly as in some 
of the other curves. 

It appears therefore that the behaviour of copper salts towards potassium cyanide is very 
similar in methyl and ethyl alcohols to that in water. 

Potassium Cyanide and Mercuric Chloride.—Sherill (Z. physikal. Chem., 1903, 48, 705) 
concluded from his observations on the physicochemical properties of solutions of mercuric 
cyanide in potassium cyanide that ions Hg(CN),” and Hg(CN),’ could be formed in aqueous 
solution, and Glasstone (/oc. cit.) confirmed this. Bassett and Corbet (loc. cit.) showed that a 
compound K,Hg(CN), was formed in concentrated solutions, and Britton and Dodd (loc. cit.) 
concluded that this was the ultimate product. 

In ethyl alcohol the addition of a small amount of potassium cyanide to mercuric chloride 
causes a rapid rise in conductivity. This is to be expected, since it is well known that even 
in water mercuric chloride behaves as a non-electrolyte. Thereafter, there is little conductivity 
change till 2 equivs. of cyanide have been added, the opalescence which appears at first 
(insufficient separates for analysis) having cleared before this stage.. This probably corresponds 
to the formation of an indefinite compound, which is continually changing as more cyanide is 
added until mercuric cyanide forms. Thereafter there are breaks in the conductivity curve 
at 3 and 4 equivs., corresponding to the formation of Hg(CN),’ and Hg(CN),”’ ions. After the 
addition of 4 equivs. there is a rise in conductivity due to excess potassium cyanide. . 

With methyl alcohol as the solvent there is a similar behaviour, but no break corresponding 
to the formation of an Hg(CN),’ ion. The final product is an Hg(CN),” ion. There is thus 
again a close similarity between the reactions in water and in these alcohols. 

Potassium Cyanide and Cadmium Chloride.—Euler (loc. cit.) and Bassett and Corbet (Joc. 
cit.) obtained evidence for the existence of a Cd(CN),” ion, but Glasstone (loc. cit.) considered 
that a Cd(CN),’ ion may also be formed in aqueous solutions. Britton and Dodd (loc. cit.) 
concluded that the compound formed was K,Cd(CN),. 

In ethyl alcohol, the white gelatinous precipitate first obtained was of indefinite com- 
position and it was difficult to obtain sufficient for an analysis. The precipitate formed on 
addition of 1 equiv. of cyanide contained Cd: CN = 2-13: 1 (Cd, 36-6; CN, 3-93%). After 
the addition of 2 equivs. of cyanide the conductivity falls, and solution of the precipitate is 
complete after the addition of 3 equivs. Thereafter the conductivity rises. The complex ion 
formed is thus Cd(CN),’. 

In methyl alcohol there is an almost similar behaviour, but insufficient precipitate settled 
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for an analysis. The solution became clear after the addition of 3 equivs. of cyanide and 
there is a break in the conductivity curve at this point. The complex ion formed is thus 
similar to that formed in ethyl alcohol. . 

Potassium Cyanide and Nickel Chloride.—Rossi (Gazzetta, 1915, 45, i, 6) concluded from his 
conductivity titration of an aqueous solution of nickel chloride with potassium cyanide that 
a complex ion Ni(CN),” was formed. Both Britton and Dodd’s titration (loc. cit.) and Bassett 
and Corbet’s phase-rule study (loc. cit.) support this view. 

In methyl and ethyl alcohols the first gelatinous pale green precipitates are of indefinite 
composition (Found, for ppt. in ethyl alcohol: Ni, 20-6; CN, 16-51%; Ni:CN = 1: 1-80. 
Found for ppt. in methyl alcohol: Ni, 27-4; CN, 21-51%; Ni:CN = 1:1-76). After the 
addition of 3 equivs. of cyanide solution the precipitate had dissolved in each case, and the 
conductivity curve showed a break. In both cases therefore the complex ion is Ni(CN),’. 


The author thanks the Chemical Society and the Dixon Fund of London University for 
grants. Grateful thanks are also due to Dr. D. R. Chesterman for the loan of certain 


apparatus. 
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196. Anomalous Reactions of the Sodium Salt of 4-Nitronaphthalene-1- 
thiol with 2-Chloro-1 1-nitronaphthalene and with 2-Chloro-1-nitro- 
benzene. 

By HERBERT H. Hopcson and Eric LEIGH. 


The reactions of 1: 2-, 2: 1-, and 4: 1-chloronitronaphthalenes with the sodium 
salts of 1:2-, 2: 1-, and 4: 1-nitronaphthalenethiols have been investigated and 
in most cases the product is the expected dinitrodinaphthyl sulphide : 

The reaction between the sodium salt of 4-nitronaphthalene-1-thiol and 2-chloro- 
1-nitronaphthalene, however, gives, not the expected 1: 4’-dinitvo-2 : 1'-dinaphthyl 
sulphide (which was prepared in another way), but 4 : 4’-dinitro-1 : 1’-dinaphthyl 
sulphide, which is also obtained by the normal reaction between the same sodium 
salt and a as 8 cat : 


NO, NO, 


OQ 09-C8G0-08-G0 


An abnormal result is also obtained in the reaction between.the same sodium 
salt and 2-chloro-1-nitrobenzene, the product wang 4-nitrophenyl 4-nitro-l-naphthyl 


sulphide : 
NO, NO, 


& CQ QO 


An explanation of these abnormal results is suggested. 


DurinG the preparation of a number of dinitrodinaphthyl sulphides it was found that, 

whereas the sodium salt of 4-nitronaphthalene-l-thiol reacted as anticipated with 

1-chloro-2-nitronaphthalene to form 2 : 4’-dinitro-1 : 1'-dinaphthyl sulphide, there unex- 

pectedly resulted 4 : 4’-dinitro-1 : 1’-dinaphthyl sulphide (previously prepared by Hodgson 

and Leigh, J., 1937, 1352) when the isomeric 2-chloro-l-nitronaphthalene was used. On 

the other hand, the sodium salt of 1-nitronaphthalene-2-thiol reacted normally with 
3x 
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1-chloro-4-nitronaphthalene to form 1 : 4’-dinitro-2 : 1'-dinaphthyl sulphide and also with 
1-chloro-2-nitro- and 2-chloro-1-nitro-naphthalene to give the respective sulphides. 

Naturally it became of interest to ascertain how 2-chloro-l-nitrobenzene would react 
with the sodium salt of 4-nitronaphthalene-1-thiol: the same anomaly was found, viz., 
the formation of 4-nitrophenyl 4-nitro-1-naphthyl sulphide, which was also formed normally 
when 4-chloronitrobenzene was used instead of its o-isomeride. The sodium salt of 2- 
nitrobenzene-1l-thiol, however, reacted normally with 4-chloro-1-nitronaphthalene to give 
2-nitrophenyl 4-nitro-1-naphthyl sulphide, and all the reactions appeared to be normal in 
the benzene series. It was found, however, that, whereas 2-chloro- and 4-chloro-nitro- 
benzenes failed to react with the sodium salts of 2-nitronaphthalene-1-thiol and 1-nitro- 
naphthalene-2-thiol, the corresponding reactions of the sodium salts of 2-nitro- and 4-nitro- 
benzene-1-thiol readily took place. This result is in conformity with the property that the 
chlorine atoms in the 2-chloro- and 4-chloro-nitrobenzenes are much less easily displaced 
by alkali than those in the corresponding chloronitronaphthalenes, a circumstance probably 
due to the electron-attracting effect of the second nucleus (cf. Hodgson and Elliott, J., 
1935, 1850). 

In both these series of dinaphthyl and phenyl] naphthy] sulphides, the 4-nitro-compounds 
are much less soluble in benzene, glacial acetic acid, and acetic anhydride than the corre- 
sponding 2-nitro-isomerides, a fact which probably indicates co-ordination between the 
2-nitro-group and the sulphur atom. 

A tentative explanation of the above anomalies is submitted: After the initial separ- 
ation of the sodium and chlorine as ions, the residual thio (I) and 1-nitronaphthy] (likewise 
nitrophenyl) (II) ions might undergo a sequence of internal changes, viz., (a) a restraint 


NO, 


of 


EN 


5+ 


imposed on the reactivity of the negatively charged sulphur atom in (I) by the electromeric 
effect of the 4-nitro-group, (b) rapid ionisation of the 4-hydrogen atom in (II) by the 
combined electron-attracting effects of the nitro-group and the positive 2-carbon pole, 
whereby the seat of the positive charge is transferred to the 4-carbon atom, and (c) com- 
bination of (I) and (II) at the respective ionic centres. Change (b) cannot occur in the ion 
from 1-chloro-2-nitronaphthalene, its reactivity therefore being as expected, but in the 
case of the sodium salt of 2-nitronaphthalene-l-thiol and 2-chloro-1-nitronaphthalene, 
where anomaly might have been anticipated, the much more readily ionised thiol apparently 
reacts with much greater velocity than its 4-nitro-isomeride and so combination occurs at 
the 2-carbon of (II) before change (b) can take place. 


EXPERIMENTAL. 


General Procedure.—The solid mixture (1 g.) of dinitrodinaphthyl mono- and di-sulphides 
obtained by treatment of a chloronitronaphthalene with alcoholic sodium disulphide is boiled 
for 5 minutes under reflux with a solution of crystallised sodium sulphide (0-35 g.) and sodium 
hydroxide (0-2 g.) in alcohol (40 c.c.) and water (6 c.c.), the insoluble monosulphide filtered 
off, and the filtrate (F) used for the various condensations described below. 

The colours which each sulphide gives with cold concentrated sulphuric acid, chloro- 
sulphonic acid, and 26% oleum are placed in this order immediately after the m. p. 

2 : 4’-Dinitro-1: 1'-dinaphthyl Sulphide—(a) A mixture of 1-chloro-2-nitronaphthalene 
(1-0 g.), alcohol (20 c.c.), and solution F (prepared from 1-chloro-4-nitronaphthalene) was 
boiled under reflux for 30 minutes, and the precipitate filtered off and treated with steam to 
remove any excess of 1-chloro-2-nitronaphthalene. 2: 4'-Dinitro-1:1'-dinaphthyl sulphide 
(1-5 g.), so obtained, crystallised from glacial acetic acid in long yellow needles, m. p. 162—163° 
(deep bright red, changing to brown on heating; russet-brown; deep reddish-brown) (Found : 





[1938] Sodium Salt of 4-Nitronaphthalene-1-thiol, etc. 1033 


N, 7:6; S, 8-5. C,,H,,0O,N,S requires N, 7-4; S, 8-5%), slightly soluble in ether, rather more 
soluble in boiling alcohol, and readily soluble in cold benzene and acetic anhydride. 

(b) This compound was prepared alternatively (as above) from 1-chloro-4-nitronaphthalene 
and solution F (from 1-chloro-2-nitronaphthalene). 

1 : 2’-Dinitro-2 : 1'-dinaphthyl Sulphide.—Solution F (from 2-chloro-1-nitronaphthalene) was 
treated with 1-chloro-2-nitronaphthalene as described above, and, alternatively, solution F 
(from 1-chloro-2-nitronaphthalene) with 2-chloro-l-nitronaphthalene. The 1 : 2’-dinitro-2: 1’- 
dinaphthyl sulphide obtained in both cases crystallised from glacial acetic acid (charcoal) in 
slender golden-yellow needles or parallelepipeds, m. p. 172—173° (cherry-red; violet; bluish- 
violet) (Found: N, 7:5; S, 8-6%), slightly soluble in ether, more soluble in boiling alcohol, 
and readily soluble in hot benzene or acetic anhydride. 

1 : 4’-Dinitro-2 : 1'-dinaphthyl Sulphide—Solution F (from 2-chloro-1-nitronaphthalene) 
was treated with 1-chloro-4-nitronaphthalene as described above. The product crystallised 
from glacial acetic acid (charcoal) in small yellow needles, m. p. 125—126° (maroon; dark violet ; 
mauve) (Found: N, 7-5; S, 8-4%), which were almost insoluble in ether, more soluble in 
boiling alcohol, and easily soluble in cold benzene or acetic anhydride. 

4: 4'-Dinitro-1 : 1'-dinaphthyl Sulphide——When solution F (from 1-chloro-4-nitronaph- 
thalene) was treated with 2-chloro-1-nitronaphthalene as described above, 4: 4’-dinitro-1 : 1’- 
dinaphthyl sulphide (Hodgson and Leigh, /oc. cit.) was unexpectedly formed. It crystallised 
from hot glacial acetic acid in golden-yellow needles, m. p. and mixed m. p., with the product 
obtained from solution F and 1-chloro-4-nitronaphthalene, 239—240° (Found: N, 7:5; S, 
86%). The solubilities of the two products and their colour reactions with concentrated 
sulphuric acid, chlorosulphonic acid, and 26% oleum were identical. 

A further experiment was made to check this anomalous result. Pure 4: 4’-dinitro-1 : 1’- 
dinaphthyl disulphide (5-0 g.) was reduced to the thiol, which was treated with 2-chloro-1- 
nitronaphthalene (5-0 g.) as in the previous work. The precipitated product (9-0 g.) was 
separated from the hot liquor, submitted to steam-distillation to remove traces of unchanged 
chloronitronaphthalene, washed with hot alcoholic sodium sulphide to extract any unchanged 
thiol, and crystallised from boiling glacial acetic acid. The golden-yellow needles (ca. 8 g.) 
obtained had m. p. 239—240° (Found: N, 7-5; S, 8-6%), and the product was identical with the 
previous preparations of 4: 4’-dinitro-1 : 1’-dinaphthyl sulphide. 

4-Nitrophenyl 2-Nitro-l-naphthyl Sulphide.—4: 4'-Dinitrodiphenyl disulphide (1:0 g.) 
(Hodgson and Wilson, J., 1925, 127, 440) was reduced to the sodium salt of 4-nitrobenzene-1- 
thiol by refluxing it for 10 minutes with a solution of crystallised sodium sulphide (0-45 g.) 
and sodium hydroxide (0-25 g.) in alcohol (20 c.c.) and water (10 c.c.); the resulting solution 
was boiled for 30 minutes with a solution of 1-chloro-2-nitronaphthalene (1-5 g.) in alcohol 
(30 c.c.). 4-Nitrophenyl 2-nitro-1-naphthyl sulphide (1-7 g.), which separated on cooling, crystal- 
lised from boiling glacial acetic acid in clusters of long, pale yellow needles, m. p. 121—122° 
(orange; dark brown; olive-green) (Found: N, 8-6; S, 9-9. C,.H,,O,N,S requires N, 8-6; 
S, 98%), which were fairly readily soluble in ether, more soluble in boiling alcohol, and readily 
soluble in hot benzene or acetic anhydride. 

4-Nitrophenyl 1-Nitro-2-naphthyl Sulphide.—4 : 4’-Dinitrodiphenyl disulphide (1-0 g.) was 
reduced as above, and the solution refluxed for 45 minutes with 2-chloro-1-nitronaphthalene 
(1-5 g.) in alcohol (30 c.c.). 4-Nitrophenyl 1-nitro-2-naphthyl sulphide (1-1 g.), thus obtained, 
crystallised from boiling glacial acetic acid in almost colourless needles, m. p. 122—123° (mauve; 
deep olive-green ; intense violet) (Found: N, 8-7; S, 9-6%), which were slightly soluble in ether, 
more soluble in boiling alcohol, and fairly readily soluble in hot benzene or acetic anhydride. 

4-Nitrophenyl 4-Nitro-1-naphthyl Sulphide.—4 : 4'-Dinitrodiphenyl disulphide (1-0 g.) was 
reduced, and the solution treated with 1-chloro-4-nitronaphthalene (1-5 g.) as above. 4-Nitro- 
phenyl 4-nitro-l-naphthyl sulphide (1-8 g.), which separated, crystallised from boiling glacial 
acetic acid in yellow parallelepipeds, m. p. 236—238° (bright red; dark reddish-brown; dark 
mauve) (Found: N, 8-7; S, 9-7. Cj gH,)O,N,S requires N, 8-6; S, 98%), which depressed 
the m. p. of 4: 4’-dinitro-1: 1’-dinaphthyl sulphide (m. p. 239—240°) when mixed with it. 
The product was practically insoluble in ether and slightly soluble in boiling alcohol or glacial 
acetic acid, but more soluble in boiling benzene or acetic anhydride. 

Alternatively, solution F (prepared from 1-chloro-4-nitronaphthalene) was treated with 
o-chloronitrobenzene (1-0 g.) as above; anomalous condensation occurred and 4-nitrophenyl 
4-nitro-l-naphthyl sulphide (0-5 g.) separated. This crystallised from boiling glacial acetic 
acid in yellow parallelepipeds identical (m. p. and mixed m. p. 236—238°, and colour reactions) 
with the synthetic product above (Found: N, 8-7; S, 9-9%). 
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The latter experiment was repeated with pure 4: 4’-dinitro-1: 1’-dinaphthyl disulphide 
(12-0 g.), which was reduced to the thiol, and the solution treated with o-chloronitrobenzene 
(10-0 g.). The precipitated product (5-0 g.) was filtered off from the hot liquor, submitted 
to steam-distillation to remove unchanged o-chloronitrobenzene, and washed with hot alcoholic 
sodium sulphide. The residual 4-nitrophenyl 4-nitro-l-naphthyl sulphide crystallised from 
boiling glacial acetic acid (charcoal) in yellow parallelepipeds (ca. 4-5 g.), m. p. and mixed m. p, 
236—238° (Found: N, 8-7; S, 98%), and was identical with the previous preparations, 
The initial mother-liquor contained only unchanged materials. 

2-Nitrophenyl 2-Nitro-1-naphthyl Sulphide.—2 : 2'-Dinitrodiphenyl disulphide (1-0 g.) was 
reduced, and the solution treated with 1-chloro-2-nitronaphthalene (1-5 g.) as above. The 
precipitated 2-nitrophenyl 2-nitro-l-naphthyl sulphide (1-65 g.) crystallised from boiling glacial 
acetic acid in stout, yellow, hexagonal plates or parallelepipeds, m. p. 196—197° (pale yellow; 
dark violet; mauve) (Found: N, 8-7; S, 98%), which were slightly soluble in ether, more 
soluble in boiling alcohol, and readily soluble in hot benzene, glacial acetic acid, or acetic 
anhydride. 

2-Nitrophenyl 1-Nitro-2-naphthyl Sulphide.—2 : 2’-Dinitrodiphenyl disulphide (1-0 g.) was 
reduced, and the solution treated with 2-chloro-1l-nitronaphthalene as above. The 2-nitrophenyl 
1-nitro-2-naphthyl sulphide formed crystallised from boiling glacial acid in stout, pale yellow 
parallelepipeds, m. p. 162—163° (yellowish-brown; violet; dark violet) (Found: N, 8-6; S, 
9-8%), which were only very slightly soluble in ether, difficultly soluble in boiling alcohol, but 
readily soluble in hot benzene or acetic anhydride. 

2-Nitrophenyl 4-Nitro-l-naphthyl Sulphide.—2 : 2'-Dinitrodiphenyl disulphide (1-0 g.) was 
reduced, and the solution treated with 1-chloro-4-nitronaphthalene (1-5 g.) as above. The pre- 
cipitated 2-nitrophenyl 4-nitro-l-naphthyl sulphide (1-4 g.) crystallised from boiling glacial 
acetic acid in small, canary-yellow parallelepipeds, m. p. 157—158° (eosin-red ; reddish-maroon; 
reddish-mauve) (Found: N, 8-8; S, 96%), which were fairly readily soluble in ether and more 
soluble in hot alcohol, benzene, and acetic anhydride. 


The authors thank Mr. E. Marsden, B.Sc., for help in checking the anomalous results, and 
Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
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197. The Associating Effect of the Hydrogen Atom. Part III. 
Further Examples of Steric Interference between Vicinal Growps. 


By Husert O. CHapiin and Louis HUNTER. 


A marked diminution of properties dependent upon chelation is brought about 
by the introduction of a substituent into o-nitroacetanilide in the 3-position, This 
fact is interpreted as evidence of a restricting effect by the new substituent on the 
nitro-group, which is rotated into a position no longer co-planar with the benzene 
nucleus. By a comparison of the behaviour of 2: 3-dinitroacetanilide (V; X = H) 
with its 4-substituted derivatives (V), evidence is obtained of a transmission of steric 
effects along the four adjacent groups, provided the substituent in position 4 is 
sufficiently large (Br, CH,). The properties compared are wet melting-point 
depression and cryoscopic behaviour in naphthalene solution. 


In so far as steric restriction is concerned, there is presumably complete freedom of 
rotation about the single bond between nitrogen and the nucleus in the molecule of 
acetanilide. -Evidence was adduced in Part II (this vol., p. 375) that suitably constituted 
o-substituents can, by chelating with the anilide hydrogen atom, so fix the position of the 
groups that their constituent atoms are more or less accurately coplanar with the benzene 
nucleus. It was further shown that substitution of a group in the second ortho (or 6)- 
position may so interfere with the acetamido-group as to rotate it into a position 
transverse to the plane of the benzene nucleus, with a consequent diminution of properties 


dependent upon chelation. 
It is now shown that the rotation of the nitro-group in nitrobenzene about the 





[1938] The Associating Effect of the Hydrogen Atom. Part III. 1035 


N-nuclear bond can be similarly restricted by introducing groups into the o- and the 
o’-position. Evidence of this effect is based on a comparison of the cryoscopic and wet 
melting-point behaviour (see Part II) of o-nitroacetanilide (I; X =H) with that of 
2: 3-dinitroacetanilide (I; X= NO,), 2-nitroaceto-m-toluidide (I; X = CH,), ethyl 


Fie.1 Fia.2 ab 
No, IG. lL. TG. é. 


ts 


NHAc 





NOz 
NOz 

















"Te rn ee 2S 8 
Concentration (g./700g. of naphthalene). 


2-nitro-3-acetamidobenzoate (1; X= CQ,Et), and 3: 5-dibromo-2-nitroacetanilide (II). 
As a check, comparison was also made with as many isomers as possible in which the 


NO, NO, 


NO, NO, NO, NO, 
X(N HAc Br NNHAc NHAc HAc NO, \NHAc 
Y, hy ain * 
Tr 


(I.) (II.) (III.) (IV.) (V.) 


effect would not be expected. The results show that substitution of a group in the 
3-position of o-nitroacetanilide markedly decreases its chelating and increases its 
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associating tendencies. Reference to the association-concentration curves (Fig. 1) will 
show that, whilst 2 : 4-dinitroacetanilide is unassociated (as indicated by a flat curve), 
and 3: 4-dinitroacetanilide is associated (as indicated by a steep curve), the vicinal 
2: 3-isomer (I; X = NO,) shows a curve of intermediate slope. The same tendencies 
are borne out in the wet melting-point data shown in the following table, 2 : 3- resembling 
the non-chelate 3 : 4- rather than the chelate 2 : 4-dinitroacetanilide. 
M. p. Wet m. p. A. 

o-Nitroacetanilide 92° 82° 10° Unassociated. 

2 : 4-Dinitroacetanilide 121 110 ll Unassociated. 

3 : 4-Dinitroacetanilide 144—145 112 32—33 Associated. 

2 : 3-Dinitroacetanilide 186—187 156 30—31 Associated. 

The same effect (Fig. 2) has also been detected in substances where group X in (I) is 
methyl, carbethoxy, or bromine (as in II), and in each case the properties of the vicinal 
compound (I) lie intermediate between those of the chelate isomer and those typical of a 
normal anilide (see Part I, J., 1937, 1114). It would appear that the substitution of a 
group in the 3-position of o-nitroacetanilide has the effect of rotating the nitro-group into 
a position non-coplanar with the benzene nucleus. This removes the nitro-oxygen atom 
too far from the amide hydrogen atom to permit of chelation, so that the molecular 
association usual in amides (see Part I) reasserts itself. 

The comparison of 1 : 8-dinitroaceto-2-naphthalide (III) with its 1 : 6-isomer (IV) is 
rendered difficult by their sparing solubility in naphthalene, but the slopes of the 
association—concentration curves (Fig. 3) are in the expected order, showing the former 
to be less chelated than the latter. On the other hand, from previous measurements on 
1-nitroaceto-2-naphthalide (see Part II, p. 378, Fig. 5), it would appear that a nitro-group 
substituted in the «-position in the naphthalene nucleus itself suffers some steric restric- 
tion from the peri-CH group. This fact would tend to diminish any observed differences 
in chelate character between (III) and (IV). 

Although it is impossible, in view of the semi-quantitative nature of the results 
summarised above, to give them any exact interpretation, it seems justifiable to conclude 
that in passing from o-nitroacetanilide to derivatives of formula (I) there is a reduction 
in the proportion of chelated molecules. It is probably more accurate to represent the 
molecular condition of o-nitroacetanilide as an equilibrium between molecules possessing 
intra- and those with inter-molecular hydrogen bonds; such an equilibrium can be con- 
veniently expressed, chelate molecules ==: associated molecules. The time spent by an 
individual molecule in the chelate condition is profoundly influenced by the substitution 
of groups in the 3- or the ae Thus, the above equilibrium : _— to the 


NHAc NHAc 


QO* oe “ NO, cy 


_ Me 
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NHAc 
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Me 


right by the substitution wa a group ortho to. the acetamido-group (for examples, see Part 
II) or to the nitro-group (present paper). That the steric effect on these two groups of 
an ortho-substituent will not be identical in magnitude would be expected on geometrical 
grounds, and it is confirmed experimentally that steric interference between a given 
ortho-substituent and the large acetamido-group is more pronounced than that suffered 
by the smaller nitro-group. Thus, in the preceding pairs of o-nitroacetamido-compounds, 
those in which the acetamido-group is situated between two substituents (the first of each 
pair) are markedly less chelate than those in which the acetamido-group is the extreme 
substituent of a vicinal trio (the second of each pair). 
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Concn. M. a. M.p. Wetm.p. A. 
Fig. 1. 
3: 4-Dinitroacetanilide (225) 231-1 1-03 144—145° 112° 32—33° 
248-5 1-105 
266-6 1-185 
280-6 1-25 
220-1 0-98 186—187 156 30—31 
225-6 1-00 
229-6 1-02 
234-7 1-04 
219-0 0-97 
219-5 0-975 
219-9 0-98 
220-6 0-98 
222-5 0-99 


2 : 3-Dinitroacetanilide (V; X = H) 


* 


_ 2: 4-Dinitroacetanilide 


TOT bo S im GO to ™ PO tS 
ODI MOSCONE Ra 
AWWMNSWDHO-1M Nw 


Fic. 2. 


o-Nitroacetanilide (180) (cf. Auwers and 176-6 
Pelzer, Z. physikal. Chem., 1897, 28, 3-69 176-8 
449) 5-96 179-5 

8-42 181-9 
10-15 183-6 

3 : 5-Dibromo-2-nitroacetanilide (338) 1-04 332-1 

(II) 2-515. 338-3 
4-46 348-4 
7-63 357-2 
Ethyl 2-nitro-3-acetamidobenzoate (252) 0-99 253-0 
(I; X = CO,Et) 2-23 256-1 
4-04 257-1 
6-43 262-5 
8-61 265-8 
Ethyl 4-nitro-3-acetamidobenzoate 0-94 244-5 
2-12 248-0 
4-02 247-7 
6-31 248-9 
8-145 251-7 
2-Nitroaceto-m-toluidide (I; X = CH;) (Not measured) 


— 
-_ 
~ 
© 
io"3) 


184—185 


Fig. 3. 
1 : 8-Dinitroaceto-2-naphthalide (275) 0-78 260-3 
(III) 1-24 267-2 
1-67* 275-6 
1 : 6-Dinitroaceto-2-naphthalide (IV) 0-52 269-7 
1-03 270-2 
1-50* 272-7 


Fig. 4. 
2 : 3-Dinitroaceto-p-phenetidide (269) 0-83 263-5 
(V; X = OEt) 1-42 272-6 
1-94* 275-4 
4-Bromo-2 : 3-dinitroacetanilide (304) 1-07 296-3 
(V; X= Br) 2-22 299-3 
5-415 304-4 
7-385 303-6 
4-Bromo-2 : 5-dinitroacetanilide 1-15 294-5 
2-74 297-0 
4-33 296-2 
6-82 301-1 
8-53 302-7 
2 : 3-Dinitroaceto-p-toluidide (239) 0-72 235-5 
(V; X = CH;) 2-10 237-7 
3°75 241-0 
5-635 245-0 
7-38 248-2 
2 : §-Dinitroaceto-p-toluidide 0-845 229-4 
2-04 231-8 
3-63 233-2 
5-545 235-8 
8-28 240-1 


2 : 3-Dinitroaceto-p-anisidide \ (Too insoluble for 


(V; X = OMe) 
3 : §-Dinitroaceto-p-anisidide measurement) 
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* Solute separates at higher concentrations. 
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A further important difference is that the transverse positioning of the acetamido- 
group in the former type should lead in the extreme case to optical activity, a conclusion 
which has been experimentally realised in a related substance by Mills and Kelham (J., 
1937, 274), whilst the symmetry of the nitro-group would preclude this in the latter type. 

In view of the evidence cited above of mutual steric interference between vicinal 
groups, it seemed desirable to examine the effect of four groups occupying adjacent 
positions in the benzene nucleus. For this purpose 2 : 3-dinitroacetanilide (I; X = NO,) 
was compared with derivatives having a substituent in the 4-position (V). Unfortunately, 
compounds of this complexity are usually only sparingly soluble in naphthalene, but 
among the few substances examined some showed a slight but definite increase of chelate 
character compared with 2 : 3-dinitroacetanilide. The suggestion is made that in (V) 
the group X, if sufficiently large, can orientate the adjacent nitro-group transverse to the 
plane of the benzene nucleus; this facilitates the assumption by the 2-nitro-group of a 
mean position more nearly coplanar with the nucleus, it being then more favourably 
situated to achieve chelation with the neighbouring acetamido-group. This transmission 
of steric effects from group to group must be considered to affect the time spent by 
individual molecules in the chelate, as opposed to the associated, condition, with a con- 
sequent change in the balance of the chelate == associated equilibrium. The magnitude 
of the effect will depend upon the character, and particularly the size, of the group X (V). 
From a comparison of the slope of the association—concentration curves (Fig. 4) it is clear 
that the most marked steric effect is produced by the large bromine atom (i.e., in 4~-bromo- 
2 : 3-dinitroacetanilide; V, X = Br), and to a less extent by the smaller methyl group 
(t.e., in 2: 3-dinitroaceto-p-toluidide; V, X —CH,). Evidently the ethoxy-group in 
2 : 3-dinitroaceto-p-phenetidide (V; X = OEt), owing perhaps to the angular distribution 
of the oxygen valencies, is not effective in producing a steric effect, there being little or 
no difference in slope between the curve due to this substance and that of 2 : 3-dinitro- 
acetanilide. Although the wet melting-point data are not opposed to this view, the 
depressions do not differ sufficiently to be of significance. 


In the preceding tables and for the curves, the apparent molecular weight, M, and the 
association factor, «, have been calculated, as in the previous parts of this series, 
according to the ideal-solution laws. The concentrations are given as g./100 g. of 
naphthalene, and A is the depression of melting point in the presence of water. Melting 
points and wet melting points were taken with the same thermometer throughout and 
are uncorrected. Figures in parentheses indicate the normal molecular weight. The 
broken curves in Fig. 3 are taken from Part II. 


EXPERIMENTAL. 


Molecular weights were measured cryoscopically in naphthalene. The following new 
compounds were prepared in the course of the investigation. 

Ethyl 2-nitro-3-acetamidobenzoate was prepared from the corresponding acid (Kaiser, Ber., 
1885, 18, 2946) by conversion into the silver salt and subsequent interaction with ethyl iodide 
in benzene suspension. The product crystallised from alcohol in white needles, m. p. 133° 
(Found: N, 11-0. (C,,H,,O;N, requires N, 11:1%). Ethyl 4-nitro-3-acetamidobenzoate, 
prepared similarly, formed bright yellow needles, m. p. 92° (Found: N, 11-3%). 

An attempt to esterify 2-nitro-3-acetamidobenzoic acid by the Fischer-Speier method 
yielded a mixture of the expected ethyl ester with a substance crystallising in bright yellow 
needles, m. p. 48—49°, which proved to be ethyl 2-nitro-3-aminobenzoate (Found: N, 13-15. 
C,H,,0,N, requires N, 13-3%), since acetylation converted it into ethyl 2-nitro-3-acetamido- 
benzoate. 


The authors’ thanks are due to the Chemical Society for a grant, and to the Department 
of Scientific and Industrial Research and the Leicestershire Education Committee for grants 
to one of them (H. O. C.). 
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198. Studies in Electrolytic Oxidation. Part X. The Anodic Oxidation 
of Acid—Ester Salis: The Mechanism of the Crum-Brown—Walker 
Synthesis in Aqueous Solution. 

By A. Hicktinc and J. V. WEsTwoop. 


A complete qualitative and quantitative study of the electrolytic oxidation of 
potassium ethyl malonate in aqueous solution has been made, and the effect of such 
variable factors as current density, concentration, acidity, temperature, anode material, 
presence of foreign cations and anions, and electrode potential on the current efficiency 
for the formation of ethyl succinate has been investigated. Possible anodic 
mechanisms are discussed, and it is concluded that none of the views previously 
advanced will account for the phenomena observed. A new theory, involving the 
intermediate formation of hydrogen peroxide at the anode, is put forward. 


THE fact that electrolysis of a solution of an ester—acid salt of a dibasic acid leads to the 
production, as main anodic product, of an ester of a dibasic acid containing double the 
number of CH, groups of the original acid, has been long known (Crum-Brown and Walker, 
Annalen, 1891, 261, 107; 1893, 274, 41), and the reaction has frequently been used in the 
synthesis of long-chain dibasic acids (von Miller and Hofer, Ber., 1895, 28, 247; Komppa, 
ibid., 1901, 34, 900; Bouveault, Bull. Soc. chim., 1903, 29, 1038; Walker and Walker, J., 
1905, 88, 961; Walker and Wood, J., 1906, 89, 598; Crichton, ibid., p. 929; Stosius and 
Wiesler, Biochem. Z., 1920, 108, 75; Fairweather, Proc. Roy. Soc. Edin., 1925, 45, 23, 283; 
1926, 46,71; Fichter and Buess, Helv. Chim. Acta, 1935, 18, 445), but no quantitative 
investigation of the electrosynthesis seems to have been made even in the simplest 
case (see, however, Robertson, J., 1925, 127, 2057, for some electrode-potential measure- 
ments), nor has any evidence been adduced in support of the generally accepted view 
that the synthesis is due to the anodic discharge of the acid-ester ions. The alternative 
hypothesis, that the reaction is due to a chemical oxidation at the anode, has received 
some support from the work of Fichter and Lurie (Helv. Chim. Acta, 1933, 16, 885) and 
Fichter and Heer (ibid., 1935, 18, 704, 1276; 1936, 19, 149), who imitated the electrolysis by 
using potassium persulphate as chemical oxidising agent, and also suggested that organic 
peroxides may be intermediate products at the anode (Fichter and Buess, loc. cit.). 

The present investigation was undertaken with a view to making a complete qualitative 
and quantitative study of the electrosynthesis in the simplest case, 7.¢e., the electrolysis of 
potassium ethyl malonate to give ethyl succinate, and to deciding whether the chemical 
or the electrical theory offered the better explanation of the phenomena observed. It was 
also hoped that some light might be thrown upon the process by the hydrogen peroxide 
theory of electrolytic oxidation previously developed (Glasstone and Hickling, J., 1932, 
2345, 2800; 1933, 829; 1934, 10, 1772, 1878; 1936, 820; Hickling, J., 1936, 1453; Gross 
and Hickling, J., 1937, 325). 


EXPERIMENTAL. 


Preliminary Investigation.—In order tc determine suitable experimental conditions for 
exact study, a preliminary qualitative investigation of the reaction was made. Concentrated 
potassium ethyl malonate solution was electrolysed between platinum electrodes, with an 
anodic C.D. of 0-5 amp./sq. cm.,-at approximately 0°, a rapid stream of carbon dioxide being 
bubbled round the cathode to neutralise any alkali formed there. The oil and the aqueous 
layer were then separated, and examined for esters and acids respectively. On fractional 
distillation, the oil yielded ‘a little ethyl alcohol, probably resulting from partial hydrolysis of 
the esters present, and considerable ethyl succinate. A small intermediate fraction, b. p. 
120—145°, was also obtained, which gave the characteristic reactions of ethyl glyoxylate. 
This, therefore, appears to be a product of the electrolysis which has not previously been 
recorded. The aqueous layer, after being boiled with dilute hydrochloric acid to complete 
hydrolysis of any esters present, gave strong reactions for succinic and glyoxylic acids (the 
latter isolated as its 2: 4-dinitrophenylhydrazone). The solution also gave an indication of 
glycollic acid by Denigés’s test with sulphuric acid and guaiacol. The gas evolved during the 
electrolyses was collected over sodium hydroxide and analysed. Apart from carbon dioxide, 
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it consisted almost entirely of hydrogen (from the cathode), there being only traces of oxygen, 
ethylene, and carbon monoxide present; saturated hydrocarbons were completely absent. 
The volume of hydrogen evolved in a given time was very close to the calculated figure, showing 
that cathodic reduction, if any, was very slight. 

Comprehensive Investigation.—The following conditions were decided upon for exact study. 

In order to avoid the solution becoming alkaline in the vicinity of the cathode, leading to 
hydrolysis of any esters formed, a solution of potassium ethyl malonate acidified with ethyl 
hydrogen malonate was used as electrolyte, both substances being supplied by the British Drug 
Houses Ltd. and being guaranteed free from mineral acids and inorganic salts. The mixture 
was found to have good buffering properties, and by varying the ratio of salt to acid, solutions 
of different hydrogen-ion concentration could be obtained; in general, a solution molar with 
respect to each constituent, and having a pg of 3-5, was used (subsequently referred to as the 
“‘ stock solution ’’). 

The electrolytic cell consisted of a water-jacketed boiling-tube (6” x 1’’), fitted with a 
stopper carrying a thermometer and electrodes. The anode was, in general, a spiral of platinum 
wire of 1 sq. cm. area, and the cathode was a piece of stout platinum foil 1 cm. square; except 
where otherwise stated, anode and cathode compartments were not separated. Before use, the 
anode was washed with warm concentrated hydrochloric acid, warm concentrated nitric acid, 
and water, and heated to redness. Current was supplied from a 100-volt generator through a 
rheostat and milliammeter. 20 C.c. of electrolyte were used in each case, and the temperature 
was kept at 10°, except where otherwise stated, by circulating ice water through the jacket; 
0-01 faraday of electricity was passed in all cases, the —_ succinate formed estimated, and the 
result expressed as a current efficiency. 

After much preliminary work, the following method for the estimation of ethyl succinate 
was finally adopted. The electrolyte was neutralised with approximately 2N-potassium 
carbonate, and thoroughly extracted with three 10-c.c. portions of pure benzene. The benzene 
extracts were then hydrolysed by boiling under reflux for 30 mins. with 25 c.c. of approx. 
2n-potassium hydroxide. After hydrolysis, the benzene and alcohol were removed by 
evaporation under reduced pressure, the solution acidified with nitric acid, approx. 0-5N- 
potassium permanganate run in dropwise until present in slight excess, and the solution warmed. 
This removes any glycollic, glyoxylic, malonic, or oxalic acids which may be present. The 
excess permanganate was removed by addition of a few drops of hydrogen peroxide, the solution 
neutralised with ammonia, and the succinate precipitated by addition of silver nitrate. To 
complete the precipitation, the solution (which becomes acid) was again neutralised with 
ammonia, and absolute alcohol added. The mixture was then filtered through a fine fritted- 
glass funnel, and the precipitate was washed with aqueous alcohol, dissolved in dilute nitric 
acid, and estimated by titration with standard ammonium thiocyanate. The method was tested 
upon electrolyte to which known weights of ethyl succinate had been added. It gave results 
reproducible to 1—2% but consistently 5% low (this probably represents loss in the extraction). 
The method was therefore adopted in the investigation, a 5% correction being made in each 
case. Efficiencies were found in general to be reproducible to 1—2%. 


Results. 


General Factors.—The effect of the variation of C.D. is shown by the following data obtained 
for the electrolysis of stock solution : 

C.D., amps./sq. cm. 1 0-5 0-2 0-1 0-05 0-01 
Efficiency, % 69 74 76 68 48 40 

It is seen that there is an optimum C.D. of about 0-12 amp./sq. cm., the efficiency falling 
rapidly as the C.D. is decreased. 

The results produced by a change of concentration of the electrolyte are illustrated below, 
the C.D. being 0-5 amp./sq. cm. The total amount of malonate present in the electrolysis was 
kept constant by using appropriate volumes of electrolyte. 

H,0,EtH, m 1: 5 0-25 0-1 
Efficiency, % 74 7 68 30 
Hence, ester formation falls off rapidly at low concentrations. 

The effect of varying the hydrogen-ion concentration of the electrolyte is shown on the follow- 
ing page, a C.D. of 0-5 amp./sq. cm. being used. The pg values were measured with the 
quinhydrone electrode. 
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The efficiency does not apparently vary much with acidity, but tends to fall off in alkaline 
solutions. 

C,;H,0,EtK, m 05 . 1 
C,;H,O,EtH, m 1-5 1 


5 2 2 2 

5 0 0 0 

+0-ImM-KHCO, + 0-I1M-K,CO, 
8-3 ca. 10 


1- 
0- 
2-9 3:5 4-8 7-0 
74 74 70 64 59 

For studying the influence of temperature, the cell was fitted with a reflux condenser, 
and hot water circulated through the cell jacket. Stock solution was used with a C.D. of 
0-5 amp./sq. cm. The results are given below : 
NI. ccsndrcracruncorscoctsardobaesrsiooraqierrsonien 10° 30° 50° 70° 90° 
Efficiency, % 63 56 37 22 
The efficiency falls with rising temperature. That this is not due solely to hydrolysis of the 
ester formed was shown by a blank experiment : 0-5 g. of ethyl succinate was added to 20 c.c. of 
electrolyte, and the mixture heated to 90° for 30 minutes (period of electrolysis) and then 
estimated in the usual way. Less than 7% of the ester was found to have been decomposed. 

Influence of Foreign Anions.—In the electrolysis of acetates, the addition of inorganic salts 
tends to inhibit ethane formation and leads to the supersession of the Kolbe synthesis by the 
Hofer—Moest reaction; the effect is particularly marked with acid solutions and is roughly 
proportional to the mobility of the added anion (Glasstone and Hickling, J., 1934, 1882). To 
ascertain whether a similar phenomenon would be shown in the present case, 2M-ethyl hydrogen 
malonate solution was made 0-02Nn with respect to various potassium salts, and electrolysed at 
0-5 amp./sq. cm. with the smooth platinum anode. The results are given below : 


Influence of Foreign Antons. 

Added salt, 0-02n. | (None.) K,Fe(CN),. K,SO,. KCl. KCIO,. KH,PO,. KNO,. KF. 
Mobility of anion — 97 69 65 64 —_— 62 47 
Efficiency, % 8 11 19 20 22 23 47 
The addition of a weak electrolyte such as boric acid did not decrease the efficiency. In the 
presence of potassium ethyl malonate the effect of the anions was small unless they were present 
in considerable concentration; e.g., with stock solution and the C.D. as above, the efficiency of 
ester formation was reduced from 74 to 38% by the presence of 0-2N-potassium sulphate. 

Analysis of the gas from the electrolysis of the ethyl hydrogen malonate containing potassium 
sulphate showed a current efficiency for oxygen production of approximately 11%. Hence 
about 78% of the current must go to form some other oxidation product in the solution. To 
identify this, the electrolysis was repeated, and an acid solution of phenylhydrazine hydrochloride 
added to the electrolyte. On standing it gave a marked precipitate which, after recrystallisation 
from benzene, had m. p. 127°; ethyl glyoxylate phenylhydrazone has m. p. 131°. Hence it 
would appear that when the Crum-Brown—Walker synthesis is inhibited by foreign anions, 
ethyl glyoxylate is an alternative oxidation product. 

Influence of Nature of Anode Material—To determine the effect of the nature of the anode 
material, experiments were carried out with smooth platinum, grey platinum, platinised platinum 
(treated in various ways), gold, graphite, gas-carbon (two different samples), nickel, lead dioxide, 
and manganese dioxide electrodes. The last two electrodes were made by electrodeposition of lead 
and manganese dioxides respectively on grey platinum. The superficial area of each anode was 
1 sq. cm., and stock solution was used with a C.D. of 0-5 amp./sq. cm. Prior to use, the 
unpoisoned platinised electrodes were cleaned with acid and water as for the smooth platinum 
anode, the gold and nickel electrodes with warm concentrated hydrochloric acid and water, but 
in all the other cases water alone was used. The results were as follows : 


Effect of Nature of Anode Material. 
Efficiency, Efficiency, 
%. R %. Notes. 
74 12 Anode disintegrated some- 
72 what during electrolysis. 
Platinised Pt 0 35 Pitesti, ten ath ¢ 
Platinised Pt anodically polar- 17 peg na se hit mend 
ised for 4 hours at 0-25 amp. 26 a 
in 2N-NaOH i 0 Anode dissolved steadily 
Platinised Pt poisoned by mak- without gas evolution. 
ing platinising solution 0-01m 0 
with respect to HgCl, 35 Oxide tended to strip off 
during electrolysis. 
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They are closely similar to those observed in the Kolbe reaction (Glasstone and Hickling, J., 
1934, 1881). Platinised platinum normally gives no synthesis, but if its power of decomposing 
hydrogen peroxide catalytically is decreased, either by anodic polarisation or by poisoning, 
small yields of the synthetic ester are obtained. Carbon anodes give moderate efficiencies 
varying with the state of division of the surface. Good catalysts for hydrogen peroxide 
decomposition, such as gold (which becomes covered with an oxide), lead dioxide, and 
manganese dioxide, give low efficiencies (the manganese dioxide electrode would probably have 
given a still lower efficiency if it had been possible to prevent the oxide being stripped off the 
electrode in the early stages of electrolysis). Analysis of the gas evolved in the above electro- 
lyses showed that, where the efficiency of succinate formation was low, the current was mainly 
used in oxygen production. Thus the following approximate values of the current efficiency 
of oxygen formation were observed: lead dioxide anode 91%, platinised platinum 81%, and 
gold 69% ; alittle of the current is apparently utilised in other oxidation processes. 

Influence of Catalysts for Hydrogen Peroxide Decomposition.—To investigate whether catalysts 
for hydrogen peroxide decomposition would decrease the synthesis efficiency at a smooth 
platinum anode, as has been found in a number of other cases (Glasstone and Hickling, /occ. cit.), 
lead, manganese, copper, cobalt, iron, and silver ions severally, all of which are good catalysts, 
were introduced into a neutral solution of potassium ethyl malonate, and electrolysis carried 
out with a C.D. of 0-2 amp./sq. cm.; as a control experiment, solutions containing calcium and 
nickel ions, which are only feebly active, were also used. To avoid introducing foreign anions, 
the appropriate metallic oxide or carbonate was dissolved in ethyl hydrogen malonate, the 
solution neutralised with potassium hydroxide, and then diluted to give an anolyte 2m with 
respect to ethyl malonate ion and 0-01m with respect to the foreign cation. The electrolytic 
cell was divided by a fritted-glass partition to avoid deposition of metal at the cathode; 
potassium ethyl malonate solution alone was used as catholyte. The results are given below : 


Effect of Catalysts for Hydrogen Peroxide Decomposition. 
Cation, 0-01m. ...... (None) Pb” Mn” Cu™ €o™ Fe’ Ag’ Ca” Ni” 
Efficiency, % 78 27 37 38 45 49 50 71 72 


Those ions which are good catalysts for hydrogen peroxide decomposition are seen to depress 
the efficiency of ester formation markedly, whereas those which are feeble catalysts have only 
a very small effect; the difference between the behaviour of cobalt and nickel is very striking. 
In acid solution the effects of catalysts for hydrogen peroxide decomposition were less marked 
although still present ; for instance, with the stock solution (py 3-5) and other conditions as above, 
0-01m-copper decreased the efficiency by 18%, as against 40% for the neutral solution. In the 
presence of these catalysts for hydrogen peroxide decomposition, the current not used in the 
Crum-Brown—Walker synthesis appeared to be divided between oxygen evolution and ethyl 
glyoxylate formation. 

Measurement of Electrode Potentials—Some measurements of the anode potentials in the 
electrolysis of potassium ethyl malonate solutions were made by Robertson (loc. cit.), using the 
direct method, but his results at high currents were almost certainly vitiated by the presence of 
a large surface resistance error. In the present work, Hickling’s electrical interrupter method 
of measuring polarisation potentials (Trans. Faraday Soc., 1937, 38, 1540) was adopted, and 
although the rate of fall of potential on interruption of the current was very great (indicating 
the presence of some extremely unstable electromotively active species), no difficulty was 
experienced in obtaining reproducible results. In general, the anodes used were 0-1 sq. cm. in 
area, and they were polarised at 0-05 amp. for some minutes until the potential showed no 
appreciable drift; observations were then made at a number of different C.D.’s. All potentials 
are expressed on the hydrogen scale. In Fig. 1 are shown the C.D.—potential curves for (A) 
smooth platinum, (B) platinised platinum, (C) gold, and (D) lead dioxide anodes in stock 
solution; the broken curve (£) is for smooth platinum in a phthalate buffer of pg 3-5, and 
indicates what should be the ordinary oxygen evolution potential for the stock solution if no 
electrolytic oxidation processes took place. In Fig. 2 are shown the C.D.—potential curves for 
the smooth platinum anode in 2m-ethyl hydrogen malonate (Ff), and in the same electrolyte 
containing 0-02N-potassium nitrate (G) and -potassium sulphate (H). 

A number of interesting features are displayed by the curves. From Fig. 1, it is seen that 
when the Crum-Brown—Walker synthesis takes place with high efficiency, as at a smooth 
platinum anode (curve A), the potential, about 2-8 volts, is very considerably higher than the 
oxygen evolution potential for the same solution, which is about 2-0 volts (curve E). This 
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indicates unmistakably that the potential associated with this synthesis must be set up 
indirectly by some process involving an irreversible stage, as otherwise the potential could 
never be attained, oxygen evolution ‘taking place preferentially. When the synthesis is 
inhibited by using anodes which are good catalysts for hydrogen peroxide decomposition (curves 
B, C, and D), the potential drops to the region of oxygen evolution. From Fig. 2, it is seen 
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that the synthesis in the acid solution takes place at approximately the satne potential as for 
the stock solution, but as the C.D. rises the potential decreases (curve F). This decrease of 
potential is attended by a diminution in the efficiency of synthesis, as shown by the following 
figures for the efficiency at a smooth platinum anode in 2m-ethyl hydrogen malonate : 


C.D., amp./sq. cm. i 1-0 1-5 
Efficiency, % 55 46 


In the presence of foreign anions, the initial potential is higher than for the acid alone, but shows 
the same diminution at higher C.D.’s, the decrease, however, setting in more quickly. The 
significance of these observations will be considered later. 

Chemical Oxidation of Potassium and Ethyl Hydrogen Malonate-——By the action of 
concentrated hydrogen peroxide on the acid ester and its potassium salt under various conditions, 
small amounts of ethyl glyoxylate were formed, as indicated by the tryptophan test, but no 
synthesis of ethyl succinate could be definitely established. By using sodium persulphate, 
which is hydrolysed steadily in solution to give hydrogen peroxide and therefore simulates 
more nearly conditions at an anode, the electrolysis could be more closely imitated. For 
instance, on mixing 50 c.c. of stock solution with 51 g. of sodium persulphate (about four times 
the calculated quantity) and 100 c.c. of water, and heating them on a water-bath for 30 minutes, 
a 15% yield of ethyl succinate (calculated on the quantity of ethyl malonate ion used) was 
obtained. Addition of catalysts for hydrogen peroxide decomposition reduced this oxidation 
efficiency as shown below : 


Catalyst. (None.) 0-Im-MnSO,. 0-Im-CoSO,. 
Yield of ethyl succinate, % 15 4 9 


Ethyl glyoxylate was also usually formed in the oxidation, particularly in the presence of 
catalysts for hydrogen peroxide decomposition; e.g., when an oxidation was carried out as 
above in the presence of manganese sulphate, and a little of the reaction mixture distilled, the 
distillate had the characteristic smell of ethyl glyoxylate and gave a strong tryptophan test. 
After hydrolysis, it also gave the Denigés test for glycollic acid, showing this to be one of the 
products of oxidation. 
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DISCUSSION. 


The phenomena observed in the present work are very similar to those found in the 
electrolysis of acetates. Two main anodic reactions appear to be possible: (a) the Crum- 
Brown-Walker synthesis, and (b) the formation of ethyl glyoxylate, probably with ethyl 
glycollate as an intermediate stage, accompanied by oxygen evolution to a varying extent; 
reaction (b) appears to predominate when conditions are unfavourable to the Crum-Brown- 
Walker synthesis. The discharged-ion theory, generally accepted, seems to be inadequate 
to explain the phenomena observed. For instance, although the effect of C.D. and 
concentration might conceivably be interpreted on this view, it offers no explanation of the 
influence of temperature, nature of anode material, effect of catalysts for hydrogen peroxide 
decomposition, and of foreign anions, and it appears quite impossible for the high potential 
of 2-8 volts, associated with the Crum-Brown—Walker synthesis, to be set up directly in 
view of the much lower potential of the alternative process. Any theory which attempts 
to ascribe the oxidation solely to active oxygen at the anode meets similar difficulties. 

All the phenomena, however, fall into line if it is postulated that hydrogen peroxide is 
formed as the primary product at the anode by the irreversible combination of discharged 
hydroxylions. It may be supposed, and in view of the experiments on chemical oxidation 
seems not unlikely, that when sufficiently concentrated and in the presence of an adequate 
supply of ethyl malonate ions, the peroxide then reacts to give ethyl succinate : 


2 CO,Et-CH,COO’ + H,O, —> CO,Et-CH,*CH,*CO,Et + 2CO, + 20H’ 


discharged ethyl malonate radicals and possibly the corresponding acid peroxide being 
formed as intermediates. If conditions are unfavourable to the stability of hydrogen 
peroxide, no high concentration of this substance can be formed at the anode, and hence 
the Crum-Brown-—Walker synthesis is inhibited; the hydrogen peroxide of low 
concentration, and the oxygen arising from its decomposition in the presence of a suitable 
carrier, may then oxidise the ethyl hydrogen malonate to give the corresponding per-acid, 
which on loss of carbon dioxide forms ethyl glycollate, this being then further oxidised to 
the comparatively stable ethyl glyoxylate. The complete scheme is represented below : 


20H’ = 20H + 2e 


| reverse 


H,0, 


a ’* : 
ge Mad 
N 


2CO,Et-CH,CO-O O + H,0 


| CO,Et-CH,-CO,H 
(CO,Et-CH,*COO), (CO,Et-CH,:CO-0-OH) 

| 
CO,Et-CH,°CH,CO,Et + 2CO, CO,Et-CHYOH + CO, 


Crum-Brown-—Walker synthesis. | 0 
CO,Et-CHO 
Ethyl glyoxylate. 


It remains now to see how this theory accounts for the phenomena observed, general 
factors being considered first. At low C.D.’s the concentration of hydrogen peroxide at 
the anode will be low, and hence the rate of ethyl succinate formation will be slow, and 
much of the hydrogen peroxide will decompose, leading to the alternative oxidation 
products; this accounts for the falling off in efficiency at low C.D.’s. Conversely, high 
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concentration of ethyl malonate ions will accelerate the ethyl succinate reaction and lead 
to a high efficiency, thus explaining the effect of concentration. Hydrogen peroxide is 
much less stable in alkaline than in acid solutions, and hence we should expect the 
efficiency to decrease as the py of the electrolyte is raised, as is found to be the case; the 
slight diminution of efficiency in the solution containing acid alone may be attributed to a 
decrease in the ethyl malonate ion concentration. Rise of temperature increases the rate 
of hydrogen peroxide decomposition and decreases the efficiency, as would be expected. 

The effect of foreign anions in inhibiting the synthesis at a smooth platinum anode in 
the acid solution may be explained as follows. For formation of ethyl succinate to occur 
at a reasonable rate, a fairly high concentration of ethyl malonate ions is necessary in the 
vicinity of the anode to react with the hydrogen peroxide produced:there. Some of these 
ions may arrive at the anode by diffusion from the main body of the solution, but in the 
acid electrolyte this process will be very slow since the acid is only weakly dissociated and 
the bulk concentration of ions is low. The majority of the ethyl malonate ions will be 
brought up to the anode in transporting the current, and at not too high C.D.’s will give a 
concentration sufficient for good synthesis to occur. If, now, an inorganic electrolyte is 
added, the foreign anion will take over to a considerable extent the transport of current to 
the anode and therefore interrupt the supply of ethyl malonate ions; the concentration of 
these ions near the electrode will therefore fall, and hence the efficiency should decrease. 
The effect should be related to the mobility of the added anion, as is found to be the case. 
If the view put forward is correct, it would be expected that the effect of added salts should 
be greatest at high C.D.’s, since here ordinary diffusion to the electrode will supply only a 
negligible fraction of the ethyl malonate ions required. This is borne out by the following 
figures for 2M-ethyl hydrogen malonate with and without potassium sulphate added. 

C.D., amp./sq. cm ‘ 0-2 

Efficiency, %: no 76 

a : 0-02N-K,SO, 42 

Decrease of efficiency, % 34 
In solutions of potassium ethyl malonate it would be expected that the effect of added salts 
would be less, since the concentration of ethyl malonate ions is much greater than in the 
acid, and hence ordinary diffusion to the electrode is more marked and the ions can also 
compete effectively with foreign anions in carrying the current; this is found to be so in 
practice. 

The effect of anode material is readily explicable by the theory of hydrogen peroxide 
oxidation. Where an anode is a good catalyst for hydrogen peroxide decomposition it 
would be expected that the efficiency of the Crum-Brown—Walker synthesis would be low. 
This is found to be the case, platinised platinum, gold, carbon, lead dioxide, and manganese 
dioxide, all of which are good catalysts, giving low efficiencies. If the activity of the 
platinised platinum is reduced, either by poisoning or by anodic polarisation, then the 
efficiency is increased. Addition of metallic salts which are catalysts for hydrogen peroxide 
decomposition would be expected to reduce the efficiency of ethyl succinate formation at a 
smooth platinum anode, and this is borne out by the experimental results; of those added, 
lead and mangenese are the most effective catalysts and have the greatest influence on the 
efficiency. In acid solution the catalytic activity of metallic salts for hydrogen peroxide 
decomposition is much reduced (probably owing to the difficulty of metallic peroxide 
formation under these conditions), and they have, correspondingly, less influence on the 
electrolysis. | 

If in the reaction of hydrogen peroxide with ethyl malonate ions to give ethyl succinate, 
discharged ethyl malonate radicals are momentarily liberated, these will be electromotively 
active and will set up a characteristic static potential against the ethyl malonate ions in 
solution. The value of this potential will be connected with the concentration of dis- 
charged radicals at the electrode surface and the concentration of ions in solution, 
presumably by an equation of the form 


n= a-+ blog, [CO,Et-CH,°COO]/[CO,Et-CH,*COO’] 
where a and 6 are constants. Since the anodic formation of hydrogen peroxide involves a 
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thermodynamically irreversible stage, this potential can be higher than that of alternative 
electrode processes without any anomaly arising. If, now, conditions are unfavourable 
to the stability of hydrogen peroxide, decomposition of this to give oxygen and the alter- 
native oxidation products will take place, and the concentration of the discharged ethyl 
malonate radicals will be very much lowered. Under these conditions, therefore, the 
potential set up as above may fall below that corresponding to oxygen evolution, and the 
latter process then determines the observed potential. This agrees exactly with the 
results displayed in Fig. 1; at low C.D.’s a certain amount of oxygen depolarisation may 
also occur, due to glycollate and glyoxylate formation when the electrode material can 
function as an oxygen carrier, and the potential will then be somewhat lower (curves B 
and D). In the electrolysis of ethyl hydrogen malonate alone, the efficiency falls off at 
high C.D.’s, and this should lead to a decrease in the concentration of discharged ethyl 
malonate radicals at the anode surface; hence we should expect the potential also to fall, 
and this rather unusual phenomenon is shown in curve F (Fig. 2). When foreign anions 
are added to the solution, their first effect is to lower the concentration of ethyl malonate 
ions in the vicinity of the anode, but at low C.D.’s the efficiency is not greatly affected, 
and hence the concentration of discharged ethyl malonate radicals may be supposed to be 
not greatly diminished. Thus, according to the potential equation, foreign anions at low 
C.D.’s should raise the potential. At higher C.D.’s, however, the efficiency is lowered 
markedly, and hence here we should expect the potential to fall off rapidly. These 
phenomena are seen in curves G and H. 

The theory advanced thus appears to afford a fairly plausible explanation of most of 
the phenomena observed in the electrolysis of potassium and hydrogen ethyl malonate 
solutions in water. In non-aqueous solutions, where hydroxy] ions are not available, it is 
possible that the mechanism of the synthesis, if it takes place, is different; this point is at 
present under investigation. The theory should also serve as a guide in the study of the 
electrolysis of the higher acid ester salts. 
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199. Kinetics of the Catalysed Polymerisation of Styrene. Part II. 
Inhibition of Stannic Chloride Catalysis by Hydrogen Chloride. 


By Gwyn WILLIAMS. 


Hydrogen chloride is a temporary complete inhibitor for the long-chain polymeris- 
ation of styrene in carbon tetrachloride, catalysed by stannic chloride at 25°. Styrene 
and hydrogen chloride combine, under these conditions, to form «-phenylethy] chloride, 
distyrene, and short-chain polystyrene in proportions depending on the reagent 
concentrations. The formation of all three products is considered to be dependent on 
the addition of hydrogen chloride to the styrene double bond. Inhibition of polymeris- 
ation is ascribed to the removal of those styrene molecules which are in a condition 
to start polymerisation chains; and a method is proposed for estimating the rate of 
chain-initiation. Initial inhibition periods, observed in polymerisations with un- 
purified catalyst, are thought to be due to contamination with hydrogen chloride. 


In the presence of stannic chloride, styrene polymerises in carbon tetrachloride solution 
to hemi-colloidal products; and the rate of reaction can be measured at 25° by titration 
of the residual monomer with bromine (Part I, this vol., p. 246). Although a period 
of induction * is commonly observed in the early stages of the reaction, the concentration 


* The term “‘ induction period ” is used to describe a stage in which reaction velocity increases as 
the reaction proceeds. 
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of monomeric styrene begins to fall immediately after addition of the stannic chloride 
catalyst to the styrene solution, provided that both reactants have been carefully purified ; 
and, so far as can be detected, polystyrene of high molecular weight (of the order 2500) 
is formed from the start. On the other hand, when high-grade commercial specimens 
of anhydrous stannic chloride are used as catalysts without further purification, the 
polymerisation of styrene may be preceded by a period of total inhibition,* which can 
be as long as 4 hours (Williams, Nature, 1937, 140, 363), after which polymerisation proceeds 
smoothly to completion. In the course of experiments on this effect, hydrogen chloride 
was found to be an inhibitor for the polymerisation of styrene in the presence of stannic 
chloride. 

The influence of hydrogen chloride is shown in Fig. 1. In Expts. 12 and 13, redistilled 
styrene and unpurified commercial “ c.p.”’ stannic chloride were employed, polymerisation 
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Polymerisation of styrene in carbon tetrachloride at 25°. 


being started, as usual, by crushing a glass bulb containing the catalyst under the surface 
of the styrene solution. For Expt. 13, the styrene was specially dried. During the 
polymerisation phase, which followed the initial inhibition shown at A and D, the reaction 
mixtures were further treated : at the time marked B on curve 12, moist air was bubbled 
through the solution, and at time C, air which had passed through concentrated hydrochloric 
acid was used. Over the time interval of 3 minutes shown at E (curve 13), a current of air 
carrying dry hydrogen chloride passed through the solution. In each case, the current 
of gas, flowing through the reaction mixture for only a few minutes, influenced the rate of 
polymerisation for a period of 1 or 2 hours. It is evident that the addition of hydrogen 
chloride arrests polymerisation temporarily, and it is plausible to suppose that the in- 
flexion at B is due to hydrogen chloride produced by hydrolysis of stannic chloride (Pfeiffer, 
Z. anorg. Chem., 1914, 87, 235). 

Chain theories of polymerisation processes recognise distinct stages of chain initiation, 
chain growth, and chain termination in the formation of a long polymer molecule (e.g., 
Gee and Rideal, Trans. Faraday Soc., 1936, 32, 5, 656, 666; Staudinger, <bid., p. 97; 

* The term “ inhibition period ” implies total arrest of a particular reaction (in this paper, long-chain 
es ate within the errors of measurement. 
Y 
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Mark, Naturwiss., 1937, 25, 753). Hydrogen chloride may inhibit the catalytic polymeris- 
ation either by preventing the initiation of polymerisation chains or by interrupting chain 
growth. Objections to the second alternative are stated below, and the very completeness 
of the inhibition favours the first, which implies that practically all of the styrene molecules 
which are suitably activated for the initiation of polymerisation chains are removed by 
some alternative reaction. Since inhibition of long-chain polymerisation by small amounts 
of hydrogen chloride is temporary, hydrogen chloride must be used up in the inhibition 
process; and it is more likely that inhibition is due to interaction of hydrogen chloride with 
styrene than with stannic chloride. 

The Interaction of Hydrogen Chloride and Styrene—Hydrogen chloride adds on to the 
styrene double bond to form «-phenylethyl chloride (Schramm, Ber., 1893, 26, 1709; 
Hughes, Ingold, and Scott, J., 1937, 1271). Stannic chloride seemed a likely catalyst 
for this reaction, which was investigated by experiments at room temperature, included 
in Table I. 

EXPERIMENTAL. 


Materials.—Unless otherwise stated, the materials used for the kinetic experiments and 
for the experiments in Table I were redistilled commercial styrenes and high-grade commercial 


TABLE I. 


Interaction of Styrene and Hydrogen Chloride. 


Solvent : carbon tetrachloride. Temp. 20—24°. Dry hydrogen chloride passed through solutions, 
except in I, VIII, IX, X. In polystyrene formule, m = ca. 3—4; n = ca. 20—30. 
Per cent. of starting material recovered as 
Expt. Initial SnCl,, Duration, - a » Tota Ire- 
No. solution. M. mins. C,H,Cl. (CgH,)g. (CgHs),. (CsH«),. covered, %. 
I,a C,H,, 1-7m 0-086 3600 0 0 95 
*I,B C,Hg, 1-7m 0-2 329 86 
II C,H,, 1-7m 0 160 
III C,H,g, 1-7M 0-086 65 
IV C,Hg, 1-7m 0-086 50 
V C,H,g, 0-43m 0-021 150 
VI C,Hg, 0-43m 0-086 98 
fVII C,H,, 0-43m; 0-021 165 
C,H,Cl, 0-19m 
tVIII “7M ; 0-086 1500 


IX ° 0-09 140 <-- <3-- > 
X ° 0-086 130 90 <--<5-- > 
tXI : 0-086 180 26 29 3 30 

* Yield collected after double reprecipitation in methyl alcohol. Some polymer dissolved in the 
methyl alcohol and was not collected. 

+ Percentage of products calculated on total C,H, in combined (C,H, + C,H,Cl) in initial solution. 

t Long-chain polymerisation started, and interrupted by a current of hydrogen chloride when one- 
third complete. § Unchanged C,H,. 





anhydrous stannic chloride, which was not given the rigorous purification applied in Part I 
(loc. cit.). Chloroform was washed, dried, distilled, protected against oxidation by addition 
of 0-1% of dimethylaminoazobenzene (Weissberger and Fasold, Z. physikal. Chem., 1931, 
157, 79), and freshly redistilled when required as a reaction medium. 

Experiments recorded in Table I.—A stream of dry hydrogen chloride was passed through a 
solution containing styrene and stannic chloride until the styrene concentration was reduced 
almost to zero,* as indicated by bromine titration. The solution was then washed thoroughly 
with water to remove hydrogen chloride and stannic chloride, dried with anhydrous sodium 
sulphate, and distilled under reduced pressure, the reaction products being collected after 
removal of the solvent. 

In the first experiment (III in Table I), the reaction products distilled in three fractions, 
A, B, and C, all colourless oils. No long-chain polystyrene was formed, precipitation by methyl] 
alcohol [in which polystyrenes higher than (C,H,),,. are insoluble] being used as a criterion 
(cf. Staudinger, ‘‘ Die Hochmolekularen Organischen Verbindungen,”’ Berlin, 1932, p. 161). 

* Addition of bromine to distyrene is much slower than to styrene, but the method described 
previously for the bromine titration of styrene is only approximate in the presence of distyrene. 
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Fraction A (yield, 35% of theory; b. p., 75°/16 mm.) was identified as «-phenylethyl chloride 
(Found *: C, 68-2; H, 6-0; Cl, 25-7. Calc. for CgH,Cl: C, 68:3; H, 6-4; Cl, 25:3%). 

Fraction B [yield, 35% of theory; .b. p., 178—181°/14 mm. Found :t C, 91-2; H, 7:2. 
Calc. for (CgH,), : C, 92:3; H, 7-7%] gave, on treatment with bromine, a crystalline dibromide 
(Found: Br, 43-0. Calc. for C,,H,,Br,: Br, 43-4%) having m. p. 102° after recrystallisation 
from alcohol. On further recrystallisation from light petroleum, large crystals, m. p. 129°, 
were obtained, as well as the substance of m. p. 102°. These results, corresponding closely 
to data given by Stoermer and Kootz (Ber., 1928, 61, 2330), suffice to identify fraction B as 
distyrene. The amount of dibromide used was too small to permit isolation of two further 
stereoisomeric distyrene dibromides found by Stoermer and Kootz, who showed that the 
substance of m. p. 102° was a mixed crystal. Three structurally distinct distyrenes are known 
(cf. Risi and Gauvin, Canadian J. Res., 1936, B, 14, 255); fraction B is the one prepared by 
Erlenmeyer (Annalen, 1865, 185, 122) and by Fittig and Erdmann (ibid., 1883, 216, 179). Its 
structure was determined by Stobbe and Posnjak (ibid., 1909, 371, 287) to be 
CHPh:CH-CHPh:CHs3. 

Fraction C (b. p. ca. 250°/16 mm. Found: C, 91:8; H, 7-7. Calc.: C, 92-3; H, 7-7%) 
was very viscous at room temperature and consisted of polystyrenes of short chain-length. 
Since it can be distilled, it is unlikely to contain any polymer higher than tri- or tetra-styrene 
(Staudinger, op. cit., p. 161; Staudinger and Steinhofer, Annalen, 1935, 517, 35). Fraction C, 
together with a very small viscous residue, amounted to 12% of the theoretical. : 

The results of this experiment are confirmed by others (Table I), one of which (IV) gave 
an even larger proportion of distyrene. Reaction products from different starting materials 
(Table I, col. 2) were isolated by the same procedure as above. As a test of the materials 
employed, two straightforward polymerisations, without added hydrogen chloride, are included 
in the table (Found for polystyrene from I, B: C, 91-6; H, 7-8; M, estimated by viscosity 
measurement, ca. 3000). In a third experiment, after 230 mins., the extent of polymerisation 
as shown by bromine titration was 66-6, and by precipitation of polymer, 67-6%. The pre- 
cipitated polystyrene was not quite pure (Found: C, eo 1; H, 78%). No distyrene could 
be detected in these experiments. 


Discussion. 


It is thus established that, in carbon tetrachloride solution at room temperature, stannic 
chloride catalyses the interaction of styrene and hydrogen chloride, producing «-phenyl- 
ethyl chloride, distyrene, and short-chain polystyrene, but none of the long-chain 
polystyrene which is the sole product when hydrogen chloride is absent. The following 
arguments (in which Roman numerals in parentheses refer to the experiments in Table I) 
may be applied to the reactions which occur. 

(1) Hydrochloric acid is itself a catalyst for a slow polymerisation of styrene to di- 
styrene at the boiling point (cf. Risi and Gauvin, Joc. cit.). Direct catalysis by hydrogen 
chloride is excluded in our experiments at room temperature, since styrene is recovered 
unchanged after treatment with hydrogen chloride in the absence of stannic chloride (II). 

(2) The incomplete formation of «-phenylethyl chloride is not due to the equilibrium 
C,H,;-CHCl-CH, == C,H,-CH:CH, + HCl, observed by Hughes, Ingold, and Scott 
(loc. cit.) in sulphur dioxide and formic acid solutions, because, in carbon tetrachloride 
solution, «-phenylethyl chloride is very little affected by stannic chloride alone (IX, X) 
over a period of time greater than that required for complete consumption of styrene by 
hydrogen chloride. This result is in agreement with the experiments of Bodendorf and 
Béhme (Annalen, 1935, 516, 1), according to which the only action of stannic chloride 
upon optically active «-phenylethyl chloride in some non-hydroxylic solvents is to bring 
about racemisation. The experiments (IX, X) also exclude the possibility that the di- 
and poly-styrene fractions were formed during the isolation of the reaction products 
and not in the original interaction of styrene and hydrogen chloride (cf. Taylor, J., 1937, 
345, on the formation of distyrene in the interaction of styrene and hydrogen bromide). 

(3) It seems, therefore, that distyrene formation requires the participation of all three 
reactants, hydrogen chloride, styrene, and stannic chloride. Styrene probably reacts in 

* Microanalyses by Dr. G. Weiler and Dr. F. B. Strauss, Oxford. 

+t The specimen used for analysis contained Cl, 0-4%, suggesting contamination from fraction A. 
No indications were observed of addition of hydrogen chloride to the double bond of distyrene. 
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the form of a complex with stannic chloride (see below). If we suppose that the determin- 
ing factor in the addition of hydrogen chloride to the styrene double bond is the attraction 
of hydrogen to the $-carbon atom, assisted by polarisation as shown at (A) (Ingold, Amn. 
Reports, 1928, 25, 147), then the intermediate complex at (B) may be stabilised to form 
a-phenylethyl chloride (C); but if, before stabilisation, it collides with a free styrene 
molecule (B), distyrene of the required constitution (D) can be formed. 


= zen C,H,;*CHCI-CH, (C.) 
[C,H,-CH=CH,] 7 


Cl—H C,H,;CH:CH,  ¢l---H aga Cos CHCH, 


(A.) (B.) (D.) 
C.H,‘CH:CH + HCl 


Compounds in square brackets are imagined to be in complex formation with stannic 
chloride. Such a mechanism, closely allied to that proposed by Whitmore (Jud. Eng. 
Chem., 1934, 26, 94; cf. Bergmann, J., 1935, 1359) for acid-catalysed polymerisation, 
and formally equivalent to reaction by a three-body collision, is in accord with the observed 
fact that the ratio C,H,Cl/C,,H,, in the reaction products is greatly increased by reducing 
the initial styrene concentration (V, III, IV), and somewhat decreased by reducing the 
concentration of stannic chloride (V, VI). 

(4) A complication to be considered is that «-phenylethyl chloride, formed from styrene 
and hydrogen chloride, may react further with styrene. When introduced initially into 
a solution of styrene and stannic chloride, and treated with hydrogen chloride (VII), «- 
phenylethyl chloride is partly consumed ; and, in the absence of hydrogen chloride, it is 
entirely consumed (VIII) with elimination of long-chain polymerisation. [In VII, if 
the added «-phenylethyl chloride is assumed to have remained intact’ throughout the 
reaction, then the styrene must have given C,H,Cl, 40; C,,H,,, 34; (CgHg)m, 19%, 
proportions quite different from those obtained in V.] Extra distyrene is formed, but the 
notable feature in VII and VIII is an increase in the formation of short-chain polystyrene. 
It is tempting to suppose that distyrene is formed mainly by the mechanism of paragraph 
(3) whilst interaction of «-phenylethyl chloride with styrene accounts for the appearance 
of short-chain polystyrene in many of the experiments in Table I. 

The alternative explanation, already referred to, viz., that the formation of short-chain 
polystyrenes is due to interruption of chain growth, t.e., that normal polymerisation chains 
started by the catalyst are cut short at an intermediate stage by hydrogen chloride or by 
a-phenylethyl chloride, is met, as regards Expts. V, VI, VII (with 0-43m-styrene), by 
the quantitative objection that long-chain polymerisation in the absence of hydrogen 
chloride is too slow to account for the observed amounts of polystyrene within the times 
given in Table I. From the kinetic results of the previous paper, with 0-433M-styrene 
and 0-0507m-stannic chloride, 10 hours were required for 13% consumption of styrene to 
form polystyrene of mean molecular weight 1200. In Expts. V, VI, VII, at least, short- 
chain polystyrenes must have been formed as a result of the interaction of styrene and 
hydrogen chloride and it seems probable that the same is true of the other experiments 
in Table I, with the possible exception of VIII, in which no hydrogen chloride was added. 

In any given solution, the products formed will depend on the concentration conditions, 
and a detailed kinetic study is needed; but the experiments in Table I serve to show 
that the various reactions which may occur in the combination of styrene with hydrogen 
chloride all depend essentially on the primary interaction of styrene and hydrogen chloride 
molecules. It is therefore a plausible assumption that the inhibition of long-chain polymer- 
isation is due to the capture by hydrogen chloride of those styrene molecules which would 
otherwise start polymerisation chains. Expt. XI shows that when polymerisation in full 
progress is interrupted by a continued supply of hydrogen chloride, the reaction products 
are the same as those obtained in Expts. III—VI. Under these conditions, long-chain 
polymerisation and hydrogen chloride addition (with its dependent distyrene formation) 
are alternative side reactions. If hydrogen chloride is present in limited amount, as in 
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the experiments of Fig. 1, it can be gradually consumed, and inhibition of polymerisation 
is temporary. In the experiments of Fig. 1, appreciable consumption of styrene con- 
tinued for a few minutes after addition of the inhibitor. The horizontal portions on the 
curves probably represent the consumption of inhibitor concentrations below the limit 
of analysis (0-02m-styrene). Inhibition of polymerisation is thus apparently completely 
effective when the concentration of hydrogen chloride is only a small fraction of that of 
styrene; so the styrene-stannic chloride complex is probably a relatively long-lived species, 
which ordinarily survives several abortive collisions before making one which is successful 
in starting a polymerisation chain. 

The Initiation of Polymerisation Chains.—It cannot be stated, at present, whether 
the formation of the styrene complex is fast or slow compared with the other stages occur- 
ring in long-chain polymerisation. Skraup and Freundlich (Amnalen, 1923, 481, 243) 
have made colorimetric measurements of dissociation constants in benzene solution for 
complexes of stannic chloride with a number of aromatic hydrocarbons having unsaturated 
side chains (e.g., as.-diphenylethylene), and they do not record that measurable time 
was required for the establishment of equilibrium. There is abundant evidence that chain 
initiation is the slowest stage in vinyl polymerisations ; with styrene, if complex formation 
is assumed to be rapid, the slow stage will be the union of a styrene-complex molecule 
with another styrene molecule. The individual rates of the various polymerisation stages 
cannot be measured directly; but, if the explanation given above for hydrogen chloride 
inhibition is correct, it should be possible to estimate the rate of initiation of polymeris- 
ation chains in styrene-stannic chloride systems by measuring the rate of hydrogen chloride 
addition to styrene which just fails to arrest polymerisation. Some preliminary measure- 
ments of the rate of interaction of hydrogen chloride and styrene in carbon tetrachloride 
and chloroform at 25° are shown in Table II. 


TABLE II.* 


Rate of Interaction a — with tea Chloride. 
Expt. number 6A. 7A. 
Solvent cal, CHCl, CHCl, 
Initial styrene, M . 0-173 0-176 0-173 
Initial HCl, m , 0-137 0-193 0-175 
SnCl,, M 0-042 0 0-042 


Expt. 1A. . 5A. Expt. 7A. 

Time, C,H,, i , Ro, Time, C,H,, Change, Ro, 
hrs. M. ins. : %. min.-!, mins. M. %. min.-!, 

0 0-175 , — — 0 0-173 — — 

1-5 0-177 . , — 1-92 0-123 29-5 1-24 
18-3 0:175 ‘ P 13-1 0-080 2-83 0-104 40-4 1-37 
49-3 0-177 21-8 . 21-9 0-072 4-10 0-094 46-2 1-20 

at 6A. 40-4 . 31-4 (0-054) 10-57 0-045 74-5 1-56 

0-176 89-3 . 55-5 0-072 18-45 0-028 84-4 1-62 

0. 98 0-173 135-5 : 69-3 0-079 31-05 0-026 85-5 _ 

3-92 0-154 205 . 76-6 0-070 

20-2 0-110 
* Individual runs appear to be bimolecular. There is evidence that careful control of reagent 

purity is necessary to obtain reproducible results; the figures given are therefore provisional. In 
chloroform there appears to be slow interaction without a catalyst. 


From Table II it may be calculated that the rate of consumption of styrene by hydrogen 
chloride at the point E of curve 13 (of the order 2 x 10% mols./c.c./sec.) is greater than 
the over-all rate of consumption of styrene to form polymer just before addition of hydrogen 
chloride (7 x 10%* mols./c.c./sec.). Polymerisation must therefore be arrested. On the 
other hand, in an experiment with purified catalyst, when 0-005m-hydrogen chloride was 
added to 1-3m-styrene, polymerising at 4 x 10” mols./c.c./sec., polymerisation was not 
totally arrested, but reduced to 4 x 10'® mols./c.c./sec., the calculated rate of removal 
of styrene by hydrogen chloride being 7 x 10" mols./c.c./sec. The rate of chain initiation 
for these conditions thus lies between these last two figures, giving a value for the ratio 
(Rate of styrene consumption) /(Rate of chain initiation) of the same order of magnitude 
as the mean chain length (20—30) found by viscosity determinations on the polymer. 
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Calculations from the rates in Table II, based on the assumption that inhibition of 
polymerisation holds until the concentration of hydrogen chloride is reduced almost to 
zero, give estimates of the duration of the inhibition period which are much less than 
those shown in Fig.1. This might be expected, since it is evident from Expts. VII and VIII 
of Table I that «-phenylethyl chloride can also inhibit long-chain polymerisation, and, in 
so doing, regenerate some hydrogen chloride. 

Initial Inhibition.—It seems probable that the initial inhibition periods observed in poly- 
merisations with unpurified stannic chloride are due to the presence of hydrogen chloride 
as impurity. Although not strictly proved, this explanation is supported by the following 
observations. (a) With purified catalyst, there is no initial inhibition (cf. curve 31, Fig. 1, 
and curves given in Part I, Joc. cit.). (b) It is shown in Table II that hydrogen chloride 
reacts much more rapidly with styrene in chloroform than in carbon tetrachloride. Corres- 
pondingly, the initial inhibition of polymerisation is of much shorter duration in purified 
chloroform (9 mins. on curve 22 of Fig. 2) than in carbon tetrachloride (98 mins. on curve 
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14). In commercial chloroform, used without purification, no initial inhibition occurred 
(curve 21). (c) In carbon tetrachloride, the inhibition period ¢, decreases with increasing 
concentration of stannic chloride and of styrene, as shown below : 


Initial Inhibition Periods at 25°. 
Styrene, 1-73—1-75m. Styrene, 
s , 126m. 
8 10 12 14 9 ll 13 
0-030 0-089 0-107 0-141 0-157 0-193 0-108 
2-4 1-3 1-6 15 0-8 0-83 2:2 
The variations are in the sense to be expected if hydrogen chloride, in amount pro- 
portional to the catalyst concentration, is the polymerisation inhibitor, and if it is re- 
moved in a pseudo-unimolecular reaction (styrene being in great excess) catalysed by 
stannic chloride. 





This work was done in the Research Laboratories of the Eastman Kodak Company, Rochester, 
New York. I am indebted to Prof. C. K. Ingold, F.R.S., for permission to check certain 
results in his Laboratory at University College, London. 


[Received, May 31st, 1938.} 
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200. Heterocyclic Ketones. Part II. B-Amino-ketones containing Thio- 
phen, Thiazole, and Furan Nuclei, and their Behaviour towards 
Phenylhydrazine. 

By G. A. Levvy and Hucu B. NIsBET. 


The syntheses of $-amino-ketones of the type R-CO-CH,°CH,"NR,,HCl from 
2-acetylthiophen, 2-acetyl-4-phenylthiazole, and 2-acetylfuran by the Mannich 
reaction are described. The thiophen derivatives have some local anesthetic action 
and the other compounds have been prepared for pharmacological tests. 

In attempts to prepare phenylhydrazones from a series of B-amino-ketones (IIT; 
NR, = NMe,, NEt,, NPr,, or NC;H,,) an identical compound was obtained from all 
four sources. It is suggested that this is 1-phenyl-3-(4'-phenyl-2'-thiazolyl)pyrazoline 
(V) and evidence is given in support of this constitution. 


8-AMINOETHYL ketones may be obtained from methyl ketones by condensation with 
formaldehyde and hydrochlorides of secondary bases : 


R-CO-CH, + CH,O + NHR’,,HCl —> (I) R-CO-CH,°CH,NR’,,HCI + H,O 


Mannich and his co-workers (Ber., 1920, 53, 1368; Arch. Pharm., 1927, 265, 589) have 
prepared compounds of type (I) from a large number of saturated and unsaturated 
ketones. Blicke and Blake (J. Amer. Chem. Soc., 1930, 52, 235) have applied this 
reaction to 2-acetylpyrrole. In Part I (Nisbet and Gray, J., 1933, 839), it was shown 
that §-amino-ketones of this type could be obtained from furfurylideneacetone by the 
Mannich reaction. This has now been extended to the preparation of 8-amino-ketones 
derived from 2-acetylthiophen, 2-acetyl-4-phenylthiazole, and 2-acetylfuran. 

From 2-acetylthiophen, 2-thienyl B-piperidinoethyl ketone and 2-thienyl B-dimethylamino- 
ethyl ketone have been prepared as hydrochlorides (II). 

2-Acetyl-4-phenylthiazole was used as the starting material for the preparation of 
compounds of this type in the thiazole series owing to the difficulty of obtaining thiazole 
derivatives unsubstituted at position 4. The ketone was obtained by the method of Olin 
and Johnson (J. Amer. Chem. Soc., 1931, 58, 1473) and, in its condensations with 
formaldehyde and secondary base hydrochlorides, it was found necessary to have free 
hydrochloric acid present and to heat for a considerably longer period than is usually 
necessary in this type of reaction. 4-Phenyl-2-thiazolyl B-piperidino-, B-dimethylamino-, 
8-diethylamino-, and -di-n-propylamino-ethyl ketone hydrochlorides (III) have been pre- 
pared. No reaction was observed with di-n-butylamine hydrochloride or — diethanol- 
amine hydrochloride. 


S 


ZL ie 

CH C- CO-CH,°CH,"NRz, HCl CH C-*CO-CH,°CH,*NR2, HCl 
CiH—Ui Pain 

(II; NR, = NC,Hy, or NMe,.) (III; NR, = NC;H», NMe,, NEt,, or NPr,.) 


2-Acetylfuran and formaldehyde have been condensed with piperidine, dimethylamine, 
di-n-propylamine, di-n-butylamine, and di-(8-hydroxyethyl)amine hydrochlorides to give 
the corresponding 2-furyl ieee ketone hydrochlorides (IV). The analogous 


CH a, ‘CO-CHg"CHy"NRp, HCl of Hey 


CH—CH —NPh 
(IV; NR, = NC,H,,, NMe,, NPr,, NBu,, or N(CH,‘CH,‘OH);.] ae 


diethylamino-compound could not be obtained under exactly similar conditions to those 
used for the other condensations. The behaviour of diethylamine in this type of reaction 
appears to be erratic, for the above observation is in agreement with that of Kermack 
and Muir (J., 1931, 3091) that no condensation occurs between methyl ethyl ketone, 
formaldehyde, and diethylamine hydrochloride, and our own further observation that 
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the analogous reaction with acetophenone also fails. A diethylamino-derivative, however, 
has been obtained in the 2-acetyl-4-phenylthiazole series and in the condensation with 
anisylideneacetone to be described shortly in connection with other work. 

The physiological properties of the two thiophen derivatives have been examined 
(Sinha, Ph.D. Thesis, Edinburgh University, 1936). Although they both show local 
anesthetic action, it is considerably less than that of cocaine. The other new amino- 
ketones are to undergo pharmacological tests with a view to determining, if possible, the 
effect of varying the size of the dialkylamino-part of the molecule. 

Mannich and Bauroth (Ber., 1924, 57, 1108) have noted the formation of 1-phenyl- 
pyrazoline-3-propionic acid as the phenylhydrazide by the action of phenylhydrazine at 
100° on 4-keto-6-dimethylaminohexoic acid hydrochloride, and Jacob and Madinaveitia 
(J., 1937, 1929) have described the formation of 1 : 3-diphenylpyrazoline and 1-phenyl-3- 
methylpyrazoline by the action of phenylhydrazine on phenyl §-dimethylaminoethy! 
ketone and methyl §-dimethylaminoethyl ketone respectively. 

The treatment of 4-phenyl-2-thiazolyl @-dialkylaminoethyl ketone hydrochlorides 
(III; NR, = NC;H,), NMe,, NEt,, or NPr,) with phenylhydrazine yields, instead of the 
phenylhydrazones expected, a compound, m. p. 198°, identical from all four sources, 
containing no halogen, and showing a strong green fluorescence in solution. In the light 
of the reactions noted above, it is suggested that the compound is 1-phenyl-3-(4'-phenyl- 
2’-thiazolyl)pyrazoline (V). A dark blue colour is obtained in Knorr’s test for pyrazolines 
(Annalen, 1887, 238, 200). Fluorescence in solution is reversibly destroyed by mineral 
acid. 

The lability of dialkylamino-groups in this degradation is, therefore, apparently 
independent of the type of ketone, and, at least in the thiazolyl series studied, of the size 
of the dialkylamino-radical (R). In fact, in the latter case, the pyrazoline was obtained 
in better yield from the diethyl- and di-n-propyl-amino-ketones than from the dimethyl- 
amino-ketone. The conditions used in the preparation of the pyrazoline were much less 
vigorous than those obtaining in the papers cited above. 

There is some evidence for the reversibility of the Mannich reaction (J., 1931, 3089) 
used in the preparation of the dialkylamino-ketones, and the analytical figures for the 
pyrazoline differ little from those required for the phenylhydrazone of 2-acetyl-4-pheny]l- 
thiazole, which might conceivably be formed by such reversal. The latter, however, has 
been prepared for purposes of comparison and found to melt at 141°. Olin and Johnson 
(J. Amer. Chem. Soc., 1931, 53, 1473) described a phenylhydrazone, m. p. 208—209°, but 
record no analysis. The acetyl derivative of our compound has this m. p., suggesting 
that, under the conditions used in the preparation of the phenylhydrazone by Olin and 
Johnson, acetylation occurred. 

The action of phenylhydrazine on $-dialkylaminoethyl ketones derived from 2-acetyl- 
furan and 2-acetylthiophen has been studied, but no product has been isolated in any 
case. 


EXPERIMENTAL. 


2-Thienyl 8-Piperidinoethyl Ketone Hydrochloride.—2-Acetylthiophen (0-05 g.-mol.), piperi- 
dine hydrochloride (0-05 g.-mol.), and paraformaldehyde (1-5 g.) in absolute alcohol (5 c.c.) 
were refluxed for 15 minutes. Another portion of paraformaldehyde (1-5 g.) was added, and 
heating continued 15 minutes longer. The solid obtained on cooling crystallised from alcohol 
in white leaflets, m. p. 199° (Found: N, 5-4. C,,H,,ONS,HCI requires N, 5-4%). 

2-Thienyl B-dimethylaminoethyl ketone hydrochloride, the preparation of which was carried 
out as in the case of the piperidino-compound, formed white plates, m. p. 172° (Found: N, 
6-9; Cl, 15-6. C,H,,;ONS,HCI requires N, 6-8; Cl, 16-2%). 

«w-Bromoacetophenone.—For the synthesis of 2-acetyl-4-phenylthiazole (see below) large 
quantities of w-bromoacetophenone were required. The methods given in the literature did 
not always yield a satisfactory product. The following modification gave excellent results. 
To acetophenone (20 g.) in glacial acetic acid (100 c.c.), bromine (9 c.c.) was added dropwise, 
with constant shaking. After 20 minutes the solution suddenly lightened in colour. It was 
immediately poured into a large quantity of ice-water containing a little sodium carbonate, 
and kept overnight. The white crystals which separated were recrystallised from 95% 





[1938] Levvy and Nisbet: Heterocyclic Ketones. Part II. 1055 


alcohol. When large quantities are required, small portions may be treated as above in serial 
fashion. Yield, 80%; m. p. 50°. 

4-Phenyl-2-thiazolyl -Piperidinoethyl Ketone Hydrochloride.—2-Acetyl-4-phenylthiazole 
(0-05 g.-mol.; prepared by the method of Olin and Johnson, Joc. cit.*) and piperidine hydro- 
chloride (0-05 g.-mol.) were dissolved in absolute alcohol (20 c.c.) containing concentrated 
hydrochloric acid (1 c.c.), paraformaldehyde (1-5 g.) added, and the mixture refluxed until 
homogeneous. After the addition of another portion of formaldehyde (0-75 g.), boiling was 
continued for 3 hours. The white solid which separated on cooling was washed with ether 
and crystallised from alcohol; m. p. 193—195° (decomp.) (Found: C, 60-7, 60-3; H, 6-2, 6-1. 
C,;7HggON,S,HCI requires C, 60-5; H, 6-2%). 

The other 8-amino-ketones derived from 2-acetyl-4-phenylthiazole were prepared in the 
same manner, the only variation in each case being in the time of heating. 4-Phenyl-2- 
thiazolyl B-dimethylaminoethyl ketone hydrochloride (4 hours) crystallised from alcohol in white 
platelets, m. p. 174° (Found: C, 56-35; H, 5-45. C,,H,,ON,S,HCI requires C, 56-6; H, 
5-7%). 4-Phenyl-2-thiazolyl -diethylaminoethyl ketone hydrochloride (9 hours) was obtained as 
a white amorphous solid, which was crystallised from alcohol; m. p. 142° (Found: C, 59-0; 
H, 6:5. C,gH,.ON,S,HCI requires C, 59:1; H, 6-5%). 4-Phenyl-2-thiazolyl B-di-n-propylamino- 
ethyl ketone hydrochloride (12 hours), a pale yellow, amorphous solid, decomposed over a large 
range of temperature (Found : C, 61-4; H, 7-1. C,gH,,ON,S,HCI requires C, 61-2; H, 7:1%). 

2-Furyl 8-Piperidinoethyl Ketone Hydrochloride.—2-Acetylfuran (0-05 g.-mol.), piperidine 
hydrochloride (0-05 g.-mol.), and paraformaldehyde (1-5 g.) in absolute alcohol (20 c.c.) were 
heated under reflux for 15 minutes. Thereafter a second portion of paraformaldehyde (0-75 g.) 
was added, and heating continued for 15 minutes. The white solid which separated on cooling 
was washed with ether and crystallised from water, forming leaflets, m. p. 185—186° (Found : 
C, 58-9; H, 7-5; N, 6-2. C,,H,,O,N,HCl requires C, 59-0; H, 7-4; N, 575%). 

2-Furyl 8-Dimethylaminoethyl Ketone Hydrochloride——A few drops of concentrated hydro- 
chloric acid were added to a mixture of 2-acetylfuran, dimethylamine hydrochloride, and 
paraformaldehyde (0-05 g.-molar quantities) in absolute alcohol (15 c.c.). The whole was 
boiled under reflux for 15 minutes, and again, after addition of a second portion of formaldehyde 
(0:75 g.), for 30 minutes. The solid which separated on cooling crystallised from water in 
white leaflets, m. p. 178° (Found: C, 52-9; H, 7:2; N, 7:0. C,H,,0,N,HCI requires C, 52-9; 
H, 6-9; N, 6-9%). 

2-Furyl 8-di-n-propylaminoethyl ketone hydrochloride, similarly prepared from 2-acetylfuran 
(0-03 g.-mol.), di-n-propylamine hydrochloride (0-03 g.-mol.), and paraformaldehyde (1 g.) in 
absolute alcohol (7-5 c.c.) containing a few drops of concentrated hydrochloric acid, the periods 
of heating being 15 minutes before, and 45 minutes after, the addition of more paraformaldehyde 
(0:5 g.), crystallised on cooling and a second crop was obtained on evaporation of the mother- 
liquor. Recrystallisation from alcohol gave white cubes, decomp. 129—130° (Found: C, 
60-0; H, 8-6; N, 5:3. C,,;H,,O,N,HCl requires C, 60-0; H, 8-5; N, 54%). 

2-Furyl 8-di-n-butylaminoethyl ketone hydrochloride was prepared by refluxing a solution of 
2-acetylfuran (0-05 g.-mol.), di-n-butylamine hydrochloride (0-05 g.-mol.), and paraformaldehyde 
(1-5 g.) in absolute alcohol (15 c.c.) containing a few drops of concentrated hydrochloric acid 
for 15 minutes, and again for 1 hour after the addition of another portion of paraformaldehyde. 
When the solution was evaporated to half its volume on the steam-bath and cooled, white 
crystals separated. The compound was recrystallised from alcohol; m. p. 111° (Found: C, 
62-3; H, 9-3. C,;H,,O,N,HCl requires C, 62-5; H, 90%). 

2-Furyl B-Di-(B-hydroxyethyl)aminoethyl Ketone Hydrochloride.—The viscous oil obtained by 
evaporating a solution of diethanolamine (5-3 g.) neutralised with hydrochloric acid was 
dissolved in absolute alcohol (20 c.c.), and 2-acetylfuran (5-5 g.), paraformaldehyde (1-5 g.), 
and concentrated hydrochloric acid (0-5 c.c.) added. After heating under reflux for 15 minutes, 
a homogeneous solution was obtained. Heating was continued for 1 hour with the addition of 
a further quantity of paraformaldehyde (0-75 g.). The mixture was then evaporated on the 
steam-bath and kept in a vacuum over calcium chloride for several days. Prolonged vigorous 
stirring caused separation of the condensation product. This crystallised from alcohol in brown 
cubes, m. p. 100—101°, only slightly soluble in cold alcohol (Found: C, 50-1; H, 7:0; N, 5-5. 
C,,H,,0,N,HCI requires C, 50-0; H, 6-8; N, 5-3%). 

1-Phenyl-3-(4'-phenyl-2'-thiazolyl)pyrazoline—To any one of the 4-phenyl-2-thiazolyl 

* In the preparation from benzoyl chloride, acetaldehyde, and potassium cyanide of benzoyllacto- 
nitrile used in this synthesis, addition of ice must be continued as this disappears during the course 
of the reaction (private communication from T. B. Johnson). 





1056 Lewis: Relationships between the Parachor Values and 


8-dialkylaminoethyl ketone hydrochlorides mentioned above, in the minimum quantity of cold 
absolute alcohol necessary for solution, was added an equivalent weight of phenylhydrazine 
and the same amount of glacial acetic acid. The yellow needles which separated overnight 
were recrystallised from absolute alcohol; m. p. 198° after sintering at 190°; identical by 
mixed m. p. from all four sources. The pyrazoline was not very soluble in organic solvents 
(Found: C, 70-5; H, 5-0; N, 14:0. C,,H,,;N,S requires C, 70-8; H, 4-9; N, 13-8%). 

Phenylhydrazone of 2-Acetyl-4-phenylthiazole-—-The ketone was treated with an equivalent 
weight of phenylhydrazine and a weight of glacial acetic acid equal to that of the latter, in 
cold absolute alcohol. The phenylhydrazone separated almost immediately. It crystallised 
from absolute alcohol in yellow prisms, m. p. 141°, fairly readily soluble in hot solvents 
(Found: C, 69-35, 69-45; H, 4-9, 5-0. C,,H,,N,S requires C, 69-6; H, 5-1%). 

When acetyl chloride was dropped into a cold benzene solution of the phenylhydrazone, 
the N-acetyl derivative separated as a brick-red solid. Crystallisation from absolute alcohol 
gave pale yellow cubes, m. p. 209° (Found: C, 69-7; H, 5-4; N, 13-9, 13-8. C,gH,,N,S 
requires C, 70-4; H, 5-5; N, 13-7%). 
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201. Relationships between the Parachor Values and the Physical 
Constants of Homologous Series. 


By Davin T. Lewis. 


Relationships are put forward connecting the parachor values with the critical 
temperatures and boiling points of substances in homologous series. The silico- 
paraffins obey a relation having the same numerical constants as the corresponding 
hydrocarbons. Associated substances such as the alcohols and acids do not obey 
these relations. 

By utilising these generalisations certain doubtful atomic parachors have been 
calculated, and various physical constants predicted. 

The connexion between these relations and the co-volume factor of the van der 
Waals equation is discussed, the parachor being regarded as a true comparative measure 
of molecular volume. 


It has been shown (Lewis, this vol., p. 261) that for chemically similar molecules containing 
the same number of atoms, the parachor values, P, are connected with the critical temper- 
atures, T,, and the boiling points, 7,, by means of the equations 


= (T, + a')/Ro’ = (Ty +ap’)/kp - » - © «© « s (i) 


The critical temperatures for the lower members of the saturated and the unsaturated 
hydrocarbon series have been determined by various authors, but few data are available 
for the higher members. Though all the substances in such series exhibit great similarity 
in chemical properties, yet equation (1) cannot be expected to apply because the number 
of atoms in each successive molecule increases in an arithmetical progression. 

It has been found that for such a homologous series, the parachor values are given with 
precision by the exponential function 


P = clTetacylke — e(Ts + an)/ke ~ i . oe e® 


the exponent being similar in type to the terms in (1), though «, + «,’ and k, # h,’. 

In the equations (2), &, and kg are universal constants applicable to all the hydro- 
carbons, but «, and ag increase in value with degree of unsaturation, remaining constant 
for one definite series. Fig. 1 gives the plot of the logarithms of the parachor values 
against the critical temperatures and the boiling points of the paraffins (A and a), the 
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olefins (B and 6), and the acetylenes (C and c). The linear nature of the relationship is 
apparent, and the parallelism of the lines denotes the universal constancy of k, and kg. 
Some slight curvature is observable at octane in the boiling-point graph of the saturated 
paraffins, but the critical-temperature curvé for this same series is absolutely linear. 
The aromatic homologous series, benzene, toluene, etc. (D and 4), yields a line which 
has the same value for d7,/d log P as with the aliphatic hydrocarbons, indicating that 
ring formation does not affect the generality of application of equation (2). From this 
equation it is possible to calculate various unknown physical constants from a knowledge 
of the parachor values. The literature contains few data for the benzene series. The 
general equation T, = k, log P — «, being assumed, it is possible to calculate the value 
of «,, because JT, = 561-5° K. for benzene, and &, is equal to dT,/dlog P = 551 for the 


c 


Fic. 1. 


@ Critical temperatures. 
O Boiling points. 

: logP. ; 

78 20 22 24 26 








paraffins; «, is thus found to be 716, and on applying this result to toluene (P = 246:1), 
the critical temperature is easily calculated to be 599° k., which is within 1% of the 
experimental figure, 593-6° Kk. (Int. Crit. Tables, Vol. 3, p. 230). 

Table I gives the values for the critical temperatures of various hydrocarbons, etc., 
which have been computed in this manner. Where it is possible to compare the calculated 
values with known experimental figures, the agreement is all that can be expected. The 
remaining calculated values should prove a useful check on future experimental 
determinations. 

As far as can be ascertained, the carbon and the silicon series fall approximately on 
the same line of the graph, indicating the importance of configuration in determining the 
application of equation (2). That this similarity of behaviour does not extend to equation 
(1) is shown by comparison (Table II) of the chemically similar halides of these substances. 
Similar differences in equations are found when the silicochloroform group is compared 
with the organic chloroform group, the equations being respectively Ty = 1-51P + 7 and 
Tz = 2-19P — 70-4. In Table II, the atomic parachor for silicon has been taken as 28-7, 
obtained as follows. Sugden (op. cit., p. 182), from a comparison of data for three 
substances, took 57-9 as being the most probable value for the parachor for tin. In this 
periodic group the parachor for carbon, P = 4:8, is also known with accuracy, and utilising 
these figures it is possible to arrive at fairly exact figures for the atomic parachors of the 
related elements because such groups obey equation (1). The computed values are in 
Table III, the related hydrides being considered. 
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TABLE I. 
Te + ae 
Substance. , Tz, obs. Te, obs. Te, calc. Ts + ap 
Paraffin Series, C,H, + 9- 
111-7° 190-5° 195° 1-308 
112-2 187-0 305-1 298 1-326 
151-2 235-0 368-6 369 1-326 
190-2 274-0 426-3 424 1-332 
229-2 310-0 470-0 468 1-328 
268-2 342-0° 507-8° 506° 1-324 
307-2 371-4 539-8 539 1-318 
346-2 398-5 569-0 567 1-315 
385-2 422-7 — 593 
T. = 551 log P — 832; Tz = 416 log P — 670. 


Silicon Series, Si,H,, + »- 

97-1 161-0 269-5 263 
160-0 258-0 — 382 
222-9 326-0 — 462 
285-8 353 -—— 522 

T. = 551 log P — 832; Tz = 416 log P — 670. 


Olefin Series, C,,H,,. 
101-2 170-0 282-6 283 
140-2 224-8 364-5 359 
179-2 268-0 — 419 
218-2 313-0 — 465 
335-2 397-0 — 568 
Te = 551 log P — 824; Tz = 416 log P — 664. 


Acetylene Series, C,H,,, — ». 

90-4 188-0 309-0 311 
129-4 249-5 401-0 398 
168-4 291-0 — 462 
207-4 321-0 — 611 

T. = 551 log P — 765; Tg = 416 log P — 630. 


Benzene Series, 
207-1 353-2 561-5 561-5 1- 
246-1 384-0 593-6 599-0 1- 
285-1 409-5 — 637 — = 
324-1 431-0 — 667 -- -- 
363-1 453-6 — 694 — -= 
T. = 551 log P — 716; Ts = 416 log P — 611. 
References to Table I: Sugden, ‘‘ The Parachor and Valency,” 1930; Int. Crit. Tables, Vol. 3, p. 230; 
Pickering, J. Physical Chem., 1924, 28, 97; Pearson and Robinson, J., 1934, 738; Hodgman—Lange, 
“‘ Handbook of Chemistry and Physics,”’ 1930, p. 897. 


324 1-590 
316 1-546 


TABLE II. 


Substance. , Tz, obs. Ts, calc. Substance. 4 Tg, obs. Ts, calc. 
— 150-8° — 113-3° 

330-6° 331-6 ° 349-0° 349 
353-0 353-2 2 462 
3770 374-9 ° _- 651-4 
413-5 396-5 aa oe an . 
426-0 418-8 Tg = 2-06P 108-4. 
386-5 389-5 
563-0 563-5 


Tp = 1-58P — 57. 
TABLE III. 


Substance. TF), * a. P (calc.). x=P(H). Atomic parachor, calc. 
111-7 73-2 68-4 4-8 
161-0 97-1 68-4 28-7 
184-5 108-5 68-4 40-1 
221-0 126-3 68-4 57-9 
256-5 143-4 68-4 75-0 
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Ramsay and Shields’s results (J., 1893, 68, 1089) indicate that the atomic parachor of 
silicon is 12, but Sugden (loc. cit.) suggests that the more probable value is 25, derived from 
the work of Mills and Robinson (J., 1927, 1823). From a study of the periodic variation 
of the parachor with group number, Pearson and Robinson (loc. cit.) suggest the value 
28-4, in good agreement with that calculated from the b. p.’s of the hydrides. Similarly, 
the calculated value for lead differs very slightly from the value determined by Sugden 
(J., 1929, 327) from a study of tetraethyl-lead, viz., P(Pb) = 76-2. Equation (2) also 
suggests that a very exact relationship should exist between the critical temperatures and 
boiling points of substances in homologous series, a connexion which is to be anticipated ~ 
because the function T, represents the upper limit of the boiling point as the pressure is 
indefinitely increased. Guldberg’s ratio T,/T,(Z. physikal. Chem., 1890, 5, 374), though 
remaining constant for related elements, decreases with increasing length of hydrocarbon 
chain. Elimination of log P between the two equations 


T, =k, log P — a and Ty = kg log P — ag 


yields a modified form of the relation, i.e., (T, + «,)/(T3 + %p) = &,/Rg, which is applicable 
to both the aliphatic and the aromatic series provided the corresponding values of «, and 
ap be employed. The constancy of this ratio is indicated in the penultimate column of 
Table I, the theoretical value being the quotient of the coefficients of log P, 1.¢., 1-324, and 
the variation shown from this value is negligibly small. By its use, it is obviously possible 
to calculate the critical temperature of any hydrocarbon provided the b. p. is known. 
Consideration of the monohalogen derivatives of the paraffins is interesting because they 
yield illustrations of the chemically related types, CH,F, CH,Cl, etc., which obey equation 
(1), and also of homologous series of the type CH;F, C,H, F, etc., which have critical temper- 
atures varying exponentially with the molar volumes and thus obey equation (2). 

The linear relations of type (1) obeyed by the chemically related substances are included 
in Table IV. It is curious that, in these cases, the coefficients of P yield a practically 
constant ratio, and the value given by the halogen acids for this ratio is in good agreement 
with that obtained from the organic halogen derivatives. The linear equations in 
parentheses were obtained with the help of relation (2), there being insufficient critical 
temperatures known to derive them from experimental figures. When data for these 
homologous series are considered, the b. p._log P graphs for the chlorides, bromides, etc., 
are parallel, and the five available critical temperatures strongly suggest that these physical 
constants will vary similarly with increasing parachors. 


the Physical Constants of Homologaus Series. 


TABLE IV. 


Tp, ; oe Te, Sub- 
stance. P. calc. obs. calc. stance. P, 
CH,F 81-8 os 197-8°  317-9° 317-8° C,H,F ... 159-8 
CH,Cl_ ... 110-4 249-3° 249-3 416-1 415-4 C,H,Cl... 188-4 
CH,Br ... 1241 277-5 274 — 462-3. C,H,Br... 202-1 3445 340-3 — 544-0 
147-1 3155 315-5 — 541 C,H,I . 225-1 375-4 3753 — 612-0 


T. = 3-42P + 38; Tg = 1-80P + 50-6; (T. = 2-89T — 40); Tg = 1-52P + 33-1; 


Ts, 
obs. 


Ts, Ze Te 
calc. obs. calc. 
276-2° 422-0° 422-0° 
319°5 503-0 503-3 


Sub- Ts, 


obs. 


319-5° 


ratio of coeffs. = 1-900. 
... 120-8 241-0 240-4 — 367°1 
C,H,Cl ... 149-4 285-2 285-0 460-2 460-2 
C,H,Br ... 163-1 312-0 310-8 504-0 504-0 
C.H,I . 186:1 345:3 349-0 — 577-7 
T. = 3-21P — 19-6; Tg = 1-66P + 40; 
ratio of coeffs. = 1-933. 


C,H,F 


ratio of coeffs. = 1-90. 
198-8 — 310-1 —_— 
C,H,Cl ... 227-4 350-5 350-3 _— 
C,H,Br... 241-1 374-0 370-0 _- 563 
C,H,I . 264-1 402-6 402-6 a 631 

(Te = 2-70P — 87); Tp = 1-42P + 27-5; 
ratio of coeffs. = 1-900. 


454-0 
525 


mn... 


42-8 — 149-9 — 246-4 85-1 206-7 206-2 363-0 361-5 
71-4 188-0 188-0 3241 3243 HI 108-1 237-0 236-7 424-0 424-1 


T. = 2-72P + 130; Tg = 1:33P + 93; ratio of coeffs. = 2-04. 


Pearson and Robinson (loc. cit., p. 741) have clearly shown that the strong electron- 
acquisitive nature of the halogen may considerably affect the parachor value of the group 
to which it is bound (cf. Mumford and Phillips, J., 1929, 2112). Some abnormalities may 
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thus be expected in the halide series owing to a variable hydrogen parachor, but for the 
purposes of this paper, the parachor of hydrogen is regarded as invariant, and the physical 
constants of the series are assumed to vary in accordance with equation (2), which was 
obeyed so well by the hydrocarbons, On the basis of this variation, and by a combined 
use of equations (1) and (2), the critical constants of these substances have been calculated 
and are given in the table. The logarithmic constants employed are given below. 


Homologous series. Ree kp. de. ap. 
Fluorides 350 312 351 405. 
312 300 390 

Bromides 312 270 377 
Iodides 312 217 361 


In the region studied, the above constants agree extremely well with known data, 
though the tendency to curvature as the carbon chain elongates is more pronounced for 
the halides than for the saturated paraffins. For associated substances, very pronounced 
curvature is observed even when the chains are relatively short, and Fig. 2 shows the 


Fia. 2. 


4 


79 27 — 33 25 








curvature exhibited by the monohydric alcohols and monobasic acids as contrasted with 
the parallel lines given by the halides. 

From a comparison of parachor values with molecular areas as given by Herzfeld 
(‘‘ Handbuch der Physik,” Vol. 22, p. 409, Springer, Berlin), Sugden (of. cit.) has shown 
that the parachor values give an excellent comparative idea of the collisional areas of 
various molecules. It should therefore be borne in mind that any equations connecting 
the parachor with certain physical constants may be indicative of an exact relationship 
between those constants and the true molecular volumes. That molar volumes affect 
the gas laws is implied in van der Waals’s well-known relation, where 6 is a function of the 
molecular volume and is usually referred to as the co-volume. It was thought probable 
that this function might be related to the physical constants in the manner which has been 
found to apply to the parachor. 

In this connexion the following facts are interesting. Sugden (op. cit., p. 32) has shown 
that for methane the ratio P*/xR? is equal to 2:27 x 10, where R is the true collisional 
radius of the molecule. This numerical constant is found to be practically invariant for 
all molecules. If the value of this constant is accepted as being general for the paraffin 
series, it is possible to calculate the collisional radius R from the parachor, and hence the 
molecular volume ( = 4/3 xR’). At N.T.P., 1 c.c. of any gas contains 2-7 x 10% mole- 
cules, and the total molar volume V,, = 2-7 x 10! x 4/3 xR* c.c. per c.c. of gas. It will 
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be observed from Table V that the co-volume b, when divided by the total molar volume, 
yields a quotient which is very approximately 4, thus roughly corroborating the general 
view that b is four times the volume of the molecules. Since V,,has been derived from the 
parachor, the constancy of this ratio also indicates the close connexion between this function 
and the molar volume. 


TABLE V. 

Substance. b x 10%. Va X 104. b/ Vin. —log b. —log b (calc.). 
MAMAMO occcccccccccccocsccccccsoscess 1-91 4-350 4-390 2-719 2-718 
TD cncccccccccsccccccdecscccseces 2-848 6-662 4-270 2-5452 2-501 
PLOPANE ....ccccccccccsccsccescosccees 3-770 8-978 4-200 2-4237 2-380 
DOPED ccnicescscscccccsesszecoecesos 5-472 11-28 4-840 2-2618 2-2700 
PRINS: .cscsderccstsccchosssseaketaios 6-516 13-60 4-800 2-1861 2-188 
PI haccsceccascpeccccssccgeccesie 7-747 15-90 4-860 2-1110 2-114 


The 6 values also obey an equation of the form 6 = e(%e+/*, which is identical with 
(2), for the values of log 6 in the last column of Table V have been calculated from the 
critical temperatures by means of the relation T, = 525 log b + 1618. Similarly the 5 
values of chemically related substances obey equation (1), as demonstrated below for 
the inert gases and the monohalogen derivatives of benzene. 


bx10® bx 10° bx10® bx 108 
Substance. Te (obs.). (calc.). Substance. To (obs.). (calc.). 
BG dacsvnesnsesies 33-00° 1058 692 C,H,F ......... 559-0° 5742 5741 
WO cewsiesacincets 44-3 763 763 C,H,Cl ......... 632-0 6485 6486 
re 151-0 1437 1420 ot Berea 670-0 6872 6873 
EP satsnvasesenies 210-0 1776 1786 ot = 4 errr 721-0 7395 7394 
bere ere 289-6 2279 2279 7. — 98000b — 3-6. 


T. = 1618005 — 79-1. 


In the last series, agreement is excellent, but helium exhibits some anomaly. This is 
to be expected because it possesses a unique electronic configuration which probably greatly 
modifies its general physical characteristics. Agreement is so good in the more normal 
of the inert gases that if the critical temperature of radon is taken as 104° (377° k.), the b 
value for this gas may be predicted to be 0-002819. 


(Received, February 15th, 1938.] 





202. The Dependence of the Viscosity of Fluids on the Molecular Volume, 
and an Application of the Principle of the Continuity of State. 


By Davip T. Lewis. 


The viscosities of gases are shown to depend on the molecular weight and the 
molecular cross-sectional area, as predicted mathematically by Chapman. The 
derived parachor equation is shown to account satisfactorily for the behaviour of 
fluids in general, and is applied to many liquids, a generalisation emphasising the 
importance of the principle of the continuity of state. 

Andrade’s equation for the variation of the viscosity of a simple substance with 
temperature is shown to follow directly from the general equation, and the connexion 
between the constants of this equation and the molecular weight and volume is 
demonstrated. 


Part I. THE VISCOSITY OF GASES. 


CHAPMAN (Proc. Roy. Soc., 1916, A, 98, 1) has mathematically derived the following 
expression connecting the viscosity, », with the gaseous density, ¢ (in g. per c.c.), the 
mean velocity of the molecules, w, and the mean free path, L : 


g=O0400ceaL/V2 . . . ..... @) 
It follows from the kinetic theory that @ is given by the expression 


o = 0-92-V3p/e . (2) 
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where # is the pressure in dynes per sq. cm. Jeans (‘‘ Dynamical Theory of Gases,’’ p, 
37) has shown that L is related to the molecular diameter, S, and the number of 
molecules per c.c., », by means of the equation 


L=1-319/nS"V2°. . . «we ee 68) 
Elimination of L and w between (1), (2), and (3) yields the following expression for 7 : 
n= const. Vpo/mS2a. . . . we we A) 


At constant temperature and pressure, ” is the same for all gases, and since o is directly 
proportional to the molecular weight, M, one obtains 


n= const. VM/rS? . . . . . . - s (5) 


Now, Sugden (‘‘ The Parachor and Valency,’’ 1930, p. 32) has shown that the parachor 
values, P, of various substances are connected with their molecular collisional areas, 
nR?, by the relation P* = constant x R?. If 
Pia. I. the parachor yields a true comparative measure 
of the molecular volume, then the area function 

nS? is directly proportional to P*, whence 


_ n=const. VM/P* . . (6) 
or log Py = 0-5log M— 2, . (7) 


where A, is a constant at one temperature and 
pressure. 

The values for the viscosities of the inert 
gases vary in a chaotic fashion from helium to 
xenon when considered at the same temper- 
ature. This is to be expected, because according 
to the foregoing it is the product log P*y which 
should exhibit variations paralleled by those in 
M. That this variation does occur is indicated 
in Table I, which relates to 15°. Parachor 
values for the inert gases have been computed 
from the critical temperatures by Lewis (this 
vol., p. 261), the values being in excellent 

Inert gases: 15°C. agreement with those tabulated by Pearson and 

Robinson (J., 1934, 740). Viscosities are ex- 

loa PS pressed in c.g.s. units x 106 and are by Schultz 

fos S ~~ halle a and Rankine, the values for helium and argon 

: ' ; at 15° being interpolated from the work of 

Schultz at various temperatures. Fig. 1 shows that the plot of log M against log P'y is 

approximately linear, but the coefficient of log M is 0-3 and not 0-5, the line being 
represented by 








0-3 log M = log P*y + Az the penta Sienna 
where A, + Az. 
In col. 6 are given calculated values for 4,, which show a steady increase from helium 


TABLE I. 


7 X 108. M. log nP'. ‘i. Ar. 
196 4-00 —2-8141 3-1151 2-9947 
312 20-2 —2-5739 3-2266 2-9655 
221 39-91 —2-5019 3-3024 2-9822 
246 82-90 —2-3803 3-3396 2-9560 
222 130-2 — 2-3469 3-4042 2-9812 


to xenon, whereas Av in col. 7 does not fluctuate by more than 1% from the mean value, 
and the values show no definite trend as was the case with 4,. Owing to lack of data, 
one cannot determine whether the constants of equation (8) are dependent on temperature, 
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as will be shown to be the case for liquids. Moreover, it has been observed that 
consistency in the values of Ap for liquids is undoubtedly better for molecules of similar 
chemical type. This is to be expected, because similar molecules, owing to similar 
configurational and cohesive nature, may be expected to yield consistency amongst 
themselves because the factors producing anomalies affect them to the same degree. 
This has been shown to be the case with critical-temperature relations by Lewis (loc. cit.) 
and is probably true for viscosity relations also (cf. Table I). 


Part II. THE Viscosity oF LIQuIDs. 


Waller (Phil. Mag., 1934, 18, 579), from a study of the viscosity of liquids at the 
melting points and boiling points, has observed a rough periodic variation of this function. 
Such a variation seems to indicate that molecular constitution plays an important part 


Fie. 2. 


0g M. 


S 
t~ 
a 
$s 


Paratfins 
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7. 15 





in determining the magnitude of the coefficient of viscosity. Herzog and Kudar (Z. 
physikal. Chem:, 1933, 88, 28) have developed various formule connecting the viscosity 
with stereochemical structure and atomic distances in molecules, and their conclusions 
also support the view that viscosity is probably closely connected with the molecular 
volume. Further, Dunstan and Thole (J., 1907, 91, 23) have shown that the equation 
n X 108/V = 62 (where V is the moiecular volume) holds very approximately for 60 
unassociated liquids, but this relation does not yield a constant result when the parachor 
is substituted for the molar volume. 

On the basis of Andrews’s principle of the continuity of state (Phil. Trans., 1876, 2, 
421), viz., “that liquid and gaseous states are only distant stages in a long series of 
continuous physical changes,” it was thought probable that equation (7) which was 
derived from considerations involving gases might apply equally well to liquids of similar 
chemical type. Experimental data for various hydrocarbon and halide homologous 

3Z 
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series have completely justified this conclusion. It was found that at constant temper- 
ature and for any homologous series, the plot of log M against log P*y was linear, showing 
that an equation similar to (8) was obeyed; then from a study of the values of the 
coefficient of log M at different temperatures, it was found that the product of this 
coefficient and the absolute temperature was constant. Hence one obtains 


log P= (A/T)logM—de. . - - ss (9) 


where A is a constant independent of temperature. Fig. 2 gives the plot of log Phy 
against (1/7) log M for the liquid paraffins at various temperatures, and the parallelism 
of the lines indicates the constancy of A for a distinct series. In Table II the values for 
the viscosities as calculated from the known molecular weights and parachors (with 
A = 666 for paraffins and A = 1018 for alkyl iodides) are compared with Prasad’s 
experimental values (J. Indian Chem. Soc., 1933, 10, 143). The mean values of i, 
employed in the computation are given in the final column. 

In view of the nature of the logarithmic terms involved, the agreement between the 
computed and the experimental values is all that can be expected. Moreover, it should 
be noted that Ap is an extremely sensitive function, and small errors in the numerical 
estimation of the mean value of this term would considerably affect the calculated value 
for the viscosity. 

It is seen from the graph that 7 decreases steadily with increasing temperature, and 
the relation between this function and temperature was determined by a graphical 


TABLE II. 


. Paraffins. 
7 X 10°. 


Obs. Calc. log P'y. —_(108/T) log M. Ar. 


Pentane (M = 72; P = 229-2). 
2894 2894 1-0350 6-801 5-495 
2624 2627 5.9925 6-561 5-377 
2396 2395 5.9528 6-337 5-268 
2200 2200 35-9159 6-130 5-167 


Hexane (M = 86; P = 268-2). 
4020 4037 1-2231 7-087 5-495 
3602 3607 1-1754 6-837 5°377 
3258 3252 1-1319 6-606 5-268 
2963 2939 1-0906 6-387 5-167 
2708 2717 1-0516 6-183 5-066 
2483 2478 1-0139 5-991 4:977 
2288 2303 53-9783 5-812 4-892 


Heptane (M = 100; P= 
5236 5318 1-3773 7-324 5-495 
4653 4696 1-3261 7-066 5-377 
4163 4159 1-2777 6-825 5-268 
3754 3723 1-2328 6-601 5-167 
3410 3401 1-1911 6-390 5-066 
3105 3081 1-1504 6-191 4:977 
2841 2840 1-1118 6-006 4-889 
2617 2720 1-0760 5-830 4-791 
2413 2413 1-0390 5-665 4-734 
2239 2240 1-0083 5-508 4-660 


Octane (M = 114; P = 346-2). 
7060 6778 1-5411 7-536 5-495 
6154 5903 1-4821 7-269 5-377 
4828 5200 1-3768 7-023 5-268 
4628 4605 1-3582 6-790 5-167 
4328 4151 1-3292 6-573 5-066 
3907 3920 1-2847 6-369 4-977 
3551 3412 1-2432 6-179 4-889 
3241 3240 1-2035 5-998 4-791 
2971 2851 1-1658 5-828 4-734 
2730 2636 1-1291 5-666 4-660 
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TABLE II (continued). 


Alkyl Iodides. 
7 X 108. 
Obs. Calc. log Py. (108/T) log M. Ar. 


Methyl iodide (M = 141-9; P = 186-5). 
6055 6052 1-2953 7-881 8-728 
5481 5481 1-2520 7-603 8-487 
5001 4989 1-2122 7-343 8-263 
4601 4601 1-1761 7-103 8-054 
4240 4240 1-1405 6-877 7-858 


Ethyl iodide (M = 155-9; P = 225-5). 
7269 7551 1-4302 8-032 8-728 
6537 6764 1-3841 7-749 8-487 
5925 6095 1-3415 7-484 8-263 
5403 5575 1-3014 7-238 8-054 
4951 5072 1-2640 7-006 7-858 
4558 4521 1-2276 6-789 7-686 
4217 4327 1-1938 6-586 7-499 
3914 4018 1-1614 6-393 7-334 


Propyl iodide (M = 169-9; P = 264-5). 
9435 9397 1-5896 8-170 8-728 
8332 8302 1-5356 7-879 8-487 
7432 7432 1-4860 7-612 8-263 
6687 6653 1-4402 7-360 8-054 
6067 6013 1-3972 7-125 7-858 
5527 5310 1-3573 6-904 7-686 
5065 5065 1-3195 6-697 7-499 
4662 4662 1-2845 6-501 7-334 


Butyl iodide (M = 183-9; P = 303-5). 
10,320 10,130 1-6684 8-007 8-487 
9,166 8,857 1-6169 7-727 8-263 
8,189 7,970 1-5680 7-476 8-054 
7,298 7,152 1-5179 7-238 7-858 
6,762 6,300 1-4847 7-013 7-686 





investigation involving various functions of T. It was found that the plot of Az against 
1/T was linear and that an equation of the type Az = B/T + C gave Ap with an accuracy 
of within 1%. The manner in which this relation is obeyed is indicated below, the 
equations used for the various series being given. 


Paraffins : Ar = 915/T + 2-143. 

Temp., ° kK. 273 283 293 303 313 323 333 343 353 363 
Ar, exptl. 5-495 5377 5-268 5-167 5-066 4-977 4-889 4-791 4-734 4-660 
Ar, calc. 5495 5375 5-266 5163 5-066 4975 4-891 4-811 4-735 4-663 
Alkyl iodides : Ar = 1862/T + 1-906. 

Temp., °K. 273 283 293 303 313 323 333 343 

Ar, exptl. 8-728 8-487 8-263 8-054 7-858 7-686 7-499 7-334 

Az, calc. 8-728 8-487 8-261 8-058 7-857 7-686 7-500 7-336 


These considerations lead to a general formula for the variation of the viscosity of 
liquids in homologous series which has the form 


log Py) = (AlogM—B)/T—C..... . (10) 


where A, B, and C are independent of temperature and are probably configurational or 
cohesive functions characterising a particular type of molecule. Table III demonstrates 
the application of the general equation in the case of the alkyl bromides, viscosities being 
calculated from the relation 


log P*n = (988 log M — 1680)/T — 2-0585 


The agreement is exceptionally good, the calculated results being within 1% of the 
experimental values. The iso-derivatives of the paraffins, which form a distinct homo- 
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logous family, have also been found to yield results in excellent agreement with the 


general equation. 
TABLE III. 
nm X 10°. 7 X 10°. 
me 
Temp. Obs. Calc. log P'y. (108/T)logM. Temp. Obs. Calc. log P*y. (10/T) log M. 
Ethyl bromide (M = 108-9; P = 163-1). 
0° 4866 4860 41-1621 7-461 20° 4020 4004 1-0792 6-952 
10 4407 4390 1-1192 7-197 30 3678 3677 1-0407 6-725 
Propyl bromide (M = 122-9; P = 202-1). 
0 6509 6522 1-3506 7-652 40 4338 4309 #I1-1744 6-676 
10 5815 5813 1-3017 7-382 50 3966 3949 1-1355 6-469 
20 5241 5230 1-2565 7-131 60 3563 3634 ~~ 1-0889 6-275 
30 4748 4736 1-2136 6-896 70 3374 3368 1-0652 6-091 


For any one substance, M and P are fixed, and the general equation takes the form 
7 = ae®/?, which is identical with Andrade’s well-known equation for the variation of the 
viscosity of a simple substance with temperature. The Andrade equation has been 
applied to certain non-associated halogen and hydrocarbon derivatives by Prasad (oc, 
cit.; Phil. Mag., 1933, 16, 263), who demonstrated the excellence of its application but 
could find no general relation between «, 8, and configuration. From the general equation 
it is obvious that 8 = A log M — B, and thus 8 should depend on the molecular weight. 
In Table IV values of 8 as determined numerically by Prasad are compared with those 
calculated from the molecular weights of the various liquids. 


TABLE IV. 


Substance C,H. CgHig CzHyg- CsHy, CHI. C,H,I. C,H,I. C,H,I. C,H,Br. C,H,Br. 
B (Prasad) 328 370 406 456 330 358 409 445 335 380 
B (calc.) 322 374 417 455 329 370 408 442 333 385 


Similarly, it is observed that the constant term « of Andrade’s equation is a function 
of the parachor and hence of the molecular cross-sectional area. Since A, B, and C 
remain unchanged for members of one distinct series, many simplifications occur in dealing 
with the question of mixtures of the same series. For such mixtures it is probable that 
the viscosity will depend on a mean molecular weight and a mean parachor value for the 
particular mixture. When liquids of different series are mixed, the problem becomes 
extremely complicated owing to the variation of the constants concerned. It is probable 
that this variation accounts for the fact that no expression has yet been derived that 


satisfactorily accounts for the behaviour of mixed liquids. 
[Received, May 2nd, 1938.] 





203. Aluminium Chloride, a New Reagent for the Condensation of 
B-Ketonic Esters with Phenols. Part II. The Condensation of 
2:4-Dihydroxy-5-ethylbenzoic Acid and its Methyl Ester with Ethyl 
Acetoacetate. 


By S. M. SETHNA and R. C. SHAH. 


Ethyl acetoacetate condenses with 2: 4-dihydroxy-5-ethylbenzoic acid and its 
methyl ester in presence of aluminium chloride to give 5-hydroxy-4-methyl-8-ethyl- 
coumarin-6-carboxylic acid and its methyl ester respectively, thus supporting by 
analogy the constitutions assigned to the condensation products of B-resorcylic acid 
and methyl @-resorcylate with ethyl acetoacetate (this vol., p. 228). 


In continuation of the work described in Part I (this vol., p. 228) we have condensed 
ethyl acetoacetate with methyl 2: 4-dihydroxy-5-ethylbenzoate and obtained methyl 
5-hydroxy-4-methyl-8-ethylcoumarin-6-carboxylate (I, R= Me). This ester on hydrolysis 
gave an acid, C,;H,,0, (I, R = H), m. p. 242°, which on decarboxylation gave a compound, 
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CoH 4.03, m. p. 212—213°. The decarboxylated product was converted into a methylated 
cinnamic acid, C,4H,,O, (III), by a modification of Robertson and Canter’s method (J., 
1931, 1875), and was thus shown to be a derivative of coumarin, not of chromone. 

Of the two alternative constitutions for the decarboxylated product, namely, (II) 
and (IV), the latter is excluded because the substance is not identical with 5-hydroxy-4- 
methyl-6-ethylcoumarin, m. p. 174—175°, obtained by the Clemmensen reduction of 
5-hydroxy-6-acetyl-4-methylcoumarin (Sethna, Shah, and Shah, this vol., p. 228). This 
leads to the constitutions (I, R = Me) and (I, R = H) for the ester and the acid respectively, 
thus definitely showing that the 4-hydroxyl group of the benzoic acid derivative takes 
part in the ring closure. This supports by analogy the constitutions assigned to the 
condensation products of methyl f-resorcylate and 8-resorcylic acid with ethyl acetoacetate 
described in Part I (loc. cit.). 

When 2: 4-dihydroxy-5-ethylbenzoic acid was condensed with ethyl acetoacetate in the 
presence of aluminium chloride, 5-hydroxy-4-methyl-8-ethylcoumarin-6-carboxylic acid 
(I, R = H) was obtained. 

When the preceding condensations were effected with sulphuric acid instead of 
aluminium chloride, the same products were obtained, but in inferior yields. 


Et O Et O 


Et O 
O CO OMe O 
——> —_- . # 
nok Oui etn CO,H Et t* 
H CMe H CMe Me H CMe 


(I.) (II.) (III.) (IV.) 


EXPERIMENTAL. 


2 : 4-Dihydroxy-5-ethylbenzoic Acid and its Methyl Ester.—The acid was prepared from 
4-ethylresorcinol by Shah and Samant’s method (unpublished work; cf. Desai and Hamid, 
Proc. Indian Acad, Sci., 1937, 6, A, 287). A mixture of 4-ethylresorcinol (100 g.), potassium 
hydrogen carbonate (500 g.), and water (1000 c.c.) was heated on a water-bath for 24 hours and 
then on a wire gauze for $ hour, cooled, and neutralised with concentrated hydrochloric acid. 
The product crystallised from water in long needles (40 g.), m. p. 187—188° (efferv.). 

The methyl ester was prepared by refluxing the acid (18 g.), methyl alcohol (75 c.c.), and 
sulphuric acid (5 c.c.) for 24 hours on a water-bath. It crystallised from aqueous methyl 
alcohol in clusters of tiny needles (12 g.), m. p. 127—128°. 

Methyl 5-Hydroxy-4-methyl-8-ethylcoumarin-6-carboxylate (I, R = Me).—Methyl 2: 4-di- 
hydroxy-5-ethylbenzoate (11-5 g.; 1 mol.) and ethyl acetoacetate (10 g.; 1-3 mols.) were 
dissolved in hot dry nitrobenzene (20 c.c.), a solution of anhydrous aluminium chloride (16 g.; 
2 mols.) in hot nitrobenzene (60 c.c.) added, and the mixture heated at 130—140° for about 
an hour, the evolution of hydrogen chloride then being negligible. The product was cooled, 
ice and concentrated hydrochloric acid (10 c.c.) added, and the nitrobenzene distilled in steam. 
The residual brown mass crystallised from rectified spirit in pale yellow needles (7-5 g.), m. p. 
186—187° (Found: C, 64:1; H, 5-4. (C,,H,,0; requires C, 64:1; H, 53%). The ester was 
sparingly soluble in alcohols and in 10% sodium hydroxide solution. It gave with alkali a 
deep yellow colour without fluorescence, characteristic of 5-hydroxycoumarins (Collie and 
Chrystall, J., 1907, 91, 1804; Dey, J., 1915, 107, 1614, 1621), and an intense violet coloration 
with alcoholic ferric chloride. 

The acetyl derivative, prepared by refluxing the ester (0-5 g.) with sodium acetate (1 g.) 
and acetic anhydride (3 c.c.) for 3 hours, crystallised from rectified spirit in pointed needles, 
m. p. 183—185° (Found: C, 63-8; H, 5-3. C,,H,,0, requires C, 63:2; H, 5-3%).° The 
benzoyl derivative, prepared by the pyridine—benzoyl] chloride method, crystallised from alcohol 
in colourless needles, m. p. 154—156° (Found: C, 68-8; H, 5-0. C,,H,,0O, requires C, 68-9; 
H, 4.9%). The methyl ether, prepared by refluxing a solution of the ester in acetone (50 c.c.) 
for 24 hours with fused potassium carbonate (1 g.) and methyl iodide (3 c.c.), crystallised from 
dilute alcohol in needles, m. p. 87—88° (Found: C, 65-1; H, 5-9. C,;H,,O, requires C, 65-2; 
H, 5-8%). 

5-Hydroxy-4-methyl-8-ethylcoumarin-6-carboxylic Acid (I, R= H).—(A) The ester (1 g.) 
was heated in a sealed tube at 125—130° for 3 hours with glacial acetic acid (10 c.c.) and con- 
centrated hydrochloric acid (10 c.c.), The product crystallised from rectified spirit in faint 
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yellow needles, m. p. 242° (efferv.) (Found: C, 62-8; H, 5-0. C,;H,,0,; requires C, 62-9; 
H, 4:8%). 

(B) The ester (0-5 g.) was shaken with sodium hydroxide solution (10%; 20 c.c.) and 
kept for 60 hours, the solution then obtained was acidified with concentrated hydrochloric 
acid, and the product crystallised from rectified spirit, forming needles (0-25 g.), m. p. and 
mixed m. p. with the product from (A) 242° (efferv.). 

The phenyl ester was prepared by refluxing the acid (1 g.), phenol (1 g.), and acetic an- 
hydride (8 c.c.) for 3} hours on a wire gauze. The product obtained on addition of the mixture 
to water was washed with dilute sodium hydroxide solution and crystallised from rectified spirit, 
forming tiny colourless needles (0-3 g.), m. p. 134—135° (Found: C, 70-0; H, 4-9. C,)H,,0; 
requires C, 70-4; H,4-9%). It was insoluble in alkali and gave a violet coloration with alcoholic 
ferric chloride. 

5-Hydroxy-4-methyl-8-ethylcoumarin (II).—(A) The ester (I, R = Me) (2 g.) was heated in 
a sealed tube with glacial acetic acid (15 c.c.), water (15 c.c.), and concentrated hydrochloric 
acid (10 c.c.) at 170—180° for 6—7 hours. The product crystallised from 60% alcohol (char- 
coal) in colourless tiny needles (1 g.), m. p. 212—213° (Found: C, 69-8; H, 5-8. C,,H,,0, 
requires C, 70-6; H, 5-9%). A mixture with 5-hydroxy-4-methyl-6-ethylcoumarin, m. p. 
174—175° (Sethna, Shah, and Shah, Joc. cit.), melted below 160°. 5-Hydroxy-4-methyl-8-ethyl- 
coumarin dissolved in alkali to an intense yellow solution. It did not give a ferric chloride 
coloration. 

(B) The acid (I, R = H) (0-5 g.) was heated with water (40 c.c.) in a sealed tube for 7 hours 
at 180—185°. The brown product crystallised from 60% alcohol (charcoal) in colourless 
tiny needles, m. p. and mixed m. p. with (A) 212—213°. 

(C) The acid (I, R = H) was quantitatively and conveniently decarboxylated at its m. p. 

The acetyl derivative, prepared by refluxing (II) (0-5 g.) with sodium acetate (1 g.) and 
acetic anhydride (2 c.c.) for 3 hours, crystallised from 60% alcohol in tiny needles, m. p. 112— 
114° (Found: C, 68-0; H, 5-7. C,,H,,O, requires C, 68-3; H, 5-7%). The benzoyl derivative, 
prepared by the pyridine—benzoyl chloride method, crystallised from rectified spirit in long 
colourless needles, m. p. 173—174° (Found: C, 73-9; H, 5-2. Cy gH,,O, requires C, 74-0; 
H, 5:2%). The methyl ether, prepared by means of methyl sulphate and cold sodium hydroxide 
solution, crystallised from dilute alcohol in clusters of tiny needles, m. p. 107—109° (Found: 
C, 71-1; H, 63. C,,;H,,0,; requires C, 71-6; H, 6-4%). : 

2 : 6-Dimethoxy-B-methyl-3-ethylcinnamic Acid (III).—Attempts to obtain the cinnamic 
acid derivative by Robertson and Canter’s method (/oc. cit.), by heating the substance in an 
alkaline solution for a few minutes and then adding methyl sulphate, were unsuccessful. The 
following modified method was therefore used with good results. 5-Hydroxy-4-methyl-8- 
ethylcoumarin (0-5 g.) was dissolved in acetone, methyl sulphate (2 c.c.) added, and the mixture 
heated on a boiling water-bath. Sodium hydroxide (5%; 20 c.c.) was then added gradually 
with constant shaking, followed by more methyl sulphate and sodium hydroxide, the heating 
being continuous. The product obtained on acidification crystallised from water, containing 
a little alcohol, in tiny silky needles, m. p. 119—121°. It decolourised bromine water and dilute 
potassium permanganate solution (Found: C, 67-0; H, 7:2. C,,H,,0O, requires C, 67-2; 
H, 7:2%). 

The methylated cinnamic acid derivative obtained from 5-hydroxy-4-methy]-6-ethyl- 
coumarin by the same method melted at 119—120° and did not depress the m. p. of the 
preceding compound. 

Condensation of 2: 4-Dihydroxy-5-ethylbenzoic Acid with Ethyl Acetoacetate in Presence of 
Aluminium Chloride.—The acid (5 g.; 1 mol.), ethyl acetoacetate (4-5 g.; ca. 1-3 mols.), and 
aluminium chloride (8 g.), dissolved in dry nitrobenzene (40 c.c.), were heated for an hour at 
120—130°, and the reaction mixture worked up as in the case of methyl 2 : 4-dihydroxy-5-ethyl- 
benzoate. The product crystallised from rectified spirit (charcoal) in pale yellow needles 
(1-6 g.), m. p. and mixed m. p. with the acid obtained by the hydrolysis of (I, R = Me) 242° 
(efferv.). : 

Condensation of 2: 4-Dihydroxy-5-ethylbenzoic Acid and its Methyl Ester with Ethyl A cetoacetate 
in Presence of Sulphuric Acid.—(a) To a mixture of methyl 2: 4-dihydroxy-5-ethylbenzoate 
(5 g.) and ethyl acetoacetate (4 g.), sulphuric acid (80%; 30 c.c.) was gradually added with 
shaking and after 40 hours the mixture was poured into ice-cold water. The product was treated 
with sodium bicarbonate solution; the insoluble portion crystallised from rectified spirit in 
clusters of tiny needles (1-6 g.), m. p., and mixed m. p. with methyl 5-hydroxy-4-methyl-8-ethyl- 
coumarin-6-carboxylate obtained by the aluminium chloride method, 186—187°. The sodium 
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bicarbonate solution on acidification with concentrated hydrochloric acid gave 5-hydroxy- 
4-methyl-8-ethylcoumarin-6-carboxylic acid, which crystallised from rectified spirit in needles 
(1-5 g.), m. p. and mixed m. p. 242° (efferv.). 

(b) 2: 4-Dihydroxy-5-ethylbenzoic acid (3 g.) was mixed with ethyl acetoacetate (2-5 g.), 
and concentrated sulphuric acid (15 c.c.) gradually added with shaking. The mixture was 
kept for 50 hours and then poured into ice-cold water. The product crystallised from rectified 
spirit in needles (0-6 g.), m. p., and mixed m. p. with 5-hydroxy-4-methyl-8-ethylcoumarin- 
6-carboxylic acid obtained from the aluminium chloride experiment, 242° (efferv.). 


All the analyses recorded are microanalyses by Dr. Schoeller. 


RoyYAL INSTITUTE OF SCIENCE, BomBay. 
IsMAIL COLLEGE, ANDHERI, BoMBAy. [Received, May 18th, 1938.] 





204. The Attempted Resolution of Phenyl aB-Dideuteroethyl Ketone by 
an Indirect Method. 


By J. B. M. Coppock, J. KENyon, and S. M. PARTRIDGE. 


In an investigation of the optical properties of the system CHDRR, an attempt 
has been made to separate crystalline diastereoisomeric esters of (+) phenyl-«8- 
dideuteroethylcarbinol by fractional crystallisation. 

Reduction by deuterium of (+) phenylvinylcarbinyl p-xenylurethane to (+) 
phenyl-aB-dideuteroethylcarbinyl p-xenylurethane and subsequent crystallisation failed to 
reveal any significant difference in solubility, melting point and rotatory dispersion 
between the least and the most soluble fractions. 

In a second series of experiments (+) phenyl-«$-dideuteroethylcarbinol was 
prepared by direct reduction of (—) phenylvinylcarbinol by deuterium and converted 
into the 3 : 5-dinitrobenzoate. This was fractionally crystallised in order to separate 
the mixed diastereoisomerides, and the carbinol regenerated by hydrolysis from 
the least soluble fraction. The original centre of asymmetry was removed by oxida- 
tion of the carbinol to phenyl «8-dideuteroethyl ketone, and after purification through 
the semicarbazone this ketone was found to be optically inactive. 

These results suggest that the system CHDRR, does not give rise to appreciable 
optical activity. 


IN a previous communication (Kenyon and Partridge, J., 1936, 1313) experiments were 
described which show that addition of bromine to (+) y-phenyl-«-methylallyl alcohol 
(I) leads to the production of diastereoisomerides (II) and (III) in unequal amounts : 


(II) (+) CHPhBr-CHBr-CHMe-OH 


(I) (+4) CHPh!CH-CHMe-OH c (m. p. 112°) 
(III) (—) CHPhBr-CHBr-CHMe-OH 
(m. p. 88°) 


(IV) CHPhD-CHD-CHMe-OH CH,Ph-CH,°CHMe-OH (V) 


Oxidation of the wmnseparated mixture of (II) and (III) yields the ketone 
CHPhBr-CHBr-COMe in an optically active condition, thus showing that an asymmetric 
synthesis has taken place during the combination of (I) with bromine. 

In a second communication (Coppock and Partridge, Nature, 1936, 137, 907) it was 
shown that the alcohol (I) combines with deuterium to produce (IV) and with hydrogen 
to produce (V), and that (IV) and (V) possess, within the limits of experimental accuracy, 
identical rotatory powers : and furthermore that oxidation of (IV) yields a ketone devoid 
of optical activity. Two obvious explanations of this second result are (a) that the 
addition of deuterium to (I) proceeds symmetrically (suggesting that diastereoisomerides 
which contain as one centre of asymmetry the group CHDRR, do not differ greatly in 
the energy required for their formation) and (b) that the addition of deuterium to (I) 
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takes place dissymmetrically, as in the case of the addition of bromine, and that an 
asymmetric centre of the type CHDRR, is incapable of giving rise to measurable 
optical activity. A further explanation has since been suggested to us, namely, that 
the ketone derived from (IV), unlike the dibromo-ketone, may possess little optical 
stability and may be easily racemised under the conditions of the final oxidation and 
isolation. Presumably such racemisation would proceed by way of enolisation of the 
ketone; this we regard as unlikely, since the oxidation is effected in acid solution, 7.e., 
under conditions unfavourable to the keto —-> enol change. 

The object of the present work was to determine whether reduction of similar compounds 
by deuterium would lead to solid diastereoisomerides sufficiently different in physical 
properties to be separated by fractional crystallisation, and distinguishable by methods 
in common use in organic chemistry. A process has been devised whereby, if separation 
takes place during the fractional crystallisation of the mixture of diastereoisomerides, 
one centre of asymmetry may be destroyed, leaving a compound of the type CHDRR, 
in which one enantiomorph is in excess of the other, and which, if compounds of this 
type are capable of it, should possess a measurable optical activity. 

In a preliminary experiment, optically pure (—) phenylvinylcarbinol, prepared by 
Duveen’s method (in course of publication, preliminary note, Compt. rend., 1938, 206, 
1185), was converted into its p-xenylurethane and reduced with both hydrogen and 
deuterium. As will be observed from scheme I, reduction with deuterium leads to the 
formation of phenyl-«$-dideuteroethylcarbinyl #-xenylurethane having two asymmetric 
centres, the second due to a configuration of the type CHDRR,; te latter compound 
should exist as a mixture of diastereoisomerides. 


Scheme I. 


(+) 


CHPh-CHD-CH,D <— CHPhCH:CH, —> CHPh-CHD-CH,D 
x x x 


(X = p-C,H,'C,H,NH-CO,,) 


An attempt was made to separate these compounds by fractional crystallisation from 
benzene-light petroleum, the melting point of each crop being taken in a carefully stan- 
dardised apparatus capable of reproducing successive determinations on the same material 
to an accuracy of + 0-1°. As the crystallisation proceeded, a slight rise in the melting 
points of successive crops was noted, which ceased after the third recrystallisation (see 
Table II). However, the same behaviour was noticed during the fractional crystallisation 
of phenylethylcarbinyl #-xenylurethane, and the conclusion was reached that the slight 
rise in melting point was not more than could be accounted for by the removal of traces 
of impurity during the process. Solubility determinations on the final products of frac- 
tional crystallisation of both the deuterium-reduced and the hydrogen-reduced material 
led to the same conclusion (Table II). If the group of the type CHDRR, were capable of 
contributing to the total rotatory power of the molecule, and any separation had taken 
place during the process of crystallisation, it might be expected that the rotatory dispersion 
of the more soluble and the less soluble crops of phenyl-«$-dideuteroethylcarbinyl p-xenyl- 
urethane should differ, each displaying anomalous rotatory dispersion to some extent. The 
optical rotatory powers, determined in benzene solution with a modern instrument capable of 
an accuracy of + 0-01° when the brighter lines of mercury and sodium vapour are used, are 
given in Table I, and within the limits of accuracy of the determinations show no significant 
difference. Young and Porter (J. Amer. Chem. Soc., 1937, 59, 328) have reported a slight 
diminution in rotatory power when hydroxylic hydrogen is replaced by deuterium in 
methylhexylcarbinol. But as the determinations were made for light of one wave-length 
only and the laboratory detail was scanty, it is difficult to estimate the value of the result. 

As the failure to detect any separation during crystallisation may be due to chance 
formation of mixed crystals, as sometimes happens in the ordinary methods of resolution, 
it was decided to repeat the crystallisation process on another compound, and to extend the 
investigations according to scheme (II). 





Ee er nS eSTlCUmreCUmeltC 


[1938] Phenyl «6-Dideuteroethyl Ketone by. an Indirect Method. 1071 
Scheme II. 


(-) (-) - 
4 Ph-CH(OH)-CHD-CH,D | —> 
Ph-CH(OH)-CH:CH, as : 


Ph:CH(OH)-CHD-CH,D 

Ph-CHX-CHD-CH,D | after fractiona _ 
pare crystallisation “ 
Ph:CO-CHD-CH,D —> semicarbazone —-> ketone [X = 3 : 5-C,H;(NO,),"CO,"] 


Optically pure (—) phenylvinylcarbinol was reduced with deuterium to (+) phenyl- 
«8-dideuteroethylcarbinol, and a search was made for a crystalline ester of the latter 
from which the carbinol could be readily recovered; the (+) hydrogen phthalic and 
the (+) #-nitrobenzoic esters could not be induced to crystallise, but (—) phenylethyl- 
carbinyl 3 : 5-dinitrobenzoate proved a well-crystalline substance, m. p. 52—53°, which 
was smoothly hydrolysed by warm alcoholic potash. 

(+) Phenyl-«f-dideuteroethylcarbinol (15 g.) was converted into the 3 : 5-dinitrobenzotc 
ester (31 g.), which was recrystallised from warm ethyl alcohol three times, leaving the less 
soluble fraction of the ester (14:5 g.). This fraction was reconverted into the alcohol 
(5-6 g.), « fig. + 843° (1, 0-5), from which phenyl «f-dideuteroethyl ketone (4-2 g.), m. p. 
19:5°, was obtained by oxidation with chromic anhydride in acetic acid. This ketone 
showed a small dextrorotation, « }%3, + 0-14° (1, 0-25), but this was probably due to a trace 
of unoxidised alcohol. The ketone was therefore converted into the semicarbazone 
(5-6 g.), m. p. 175°, which showed no trace of optical activity either in acetic acid (c, 5-2; 
1, 2) or in acetone solution (c, 1; 1, 4). The semicarbazone was too sparingly soluble in 
other solvents to enable further determinations of rotatory power to be made. The 
mother-liquors from the semicarbazone preparation, after addition of water and cooling 
had induced the crystallisation of the last traces of semicarbazone, were extracted with 
ether and this extract was dried and concentrated. This showed a slight dextrorotation, 
a 2851 + 0-04° (+ 0-01°), which must have been due to unchanged carbinol, as the semi- 
carbazone is insoluble in ether. . 

Phenyl «$-dideuteroethyl ketone recovered from the semicarbazone had zero rotation 
(« + 0-01°; 7, 0-25). 

The series of reactions described above (scheme II) constitute a synthesis and simultan- 
eous method of resolution of a saturated ketone by crystallisation of the mixed diastereo- 
isomerides derived from the corresponding carbinols, followed by the destruction of the 
original centre of asymmetry by oxidation. This method might be expected to be more 
efficient than the usual methods of resolution, which depend for their success on the 
crystallisation of salts of optically active acids or bases. This view arises from the fact 
that when asymmetric syntheses of high efficiency have been reported, the asymmetric direc- 
ting group has always been in covalent union with, and adjacent to, the group under 
synthesis (cf. Kenyon, Partridge, and Phillips, J., 1937, 207). 

The only apparent weakness in the method appears to be the chance formation of mixed 
crystals of the diastereoisomerides, making their separation by methods of crystallisation 
difficult even though they may be distinct chemical individuals. This phenomenon is 
rare, however, with unsolvated covalent organic compounds. It may be assumed, there- 
fore, that as fractional crystallisation has been applied to two different derivatives of the 
carbinol without any indication of separation in either case, the second asymmetric group 
CHDRR, does not cause sufficient molecular diastereoisomerism to prevent the compound 
behaving as a homogeneous crystalline substance. 

Even if it were possible to resolve a substance containing such a group, it appears doubt- 
ful if it would display measurable optical activity, since the most soluble and the least 
soluble fractions of (+) phenyl-«f-dideuteroethylcarbinyl -xenylurethane appeared to 
be identical with each other and with (-+-) phenylethylcarbinyl #-xenylurethane in rotatory 
dispersion over the visible range, showing that the contribution of the group CHDRR, 





Ph-CH(OH)-CHD-CH,D —> 
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to the total rotatory power of the molecule was immeasurable over this range of wave- 
lengths. 4 

Previous work of the authors (loc. cit.) and the results obtained in an analogous case 
by Erlenmeyer, Fischer, and Baer (Helv. Chim. Acta, 1937, 20, 1012) have led to the con- 
clusion that the molecular diastereoisomerism due to the group CHDRR, is insufficient 
to result in unsymmetrical synthesis of the latter. The work of Clemo and McQuillen 
(J., 1936, 808) on «-pentadeuterophenylbenzylamine suggests that the second type of 
group CXgXpRR,, where Xq and Xp are phenyl and pentadeuterophenyl respectively, 
is capable not only of resolution by the ordinary method, but also of displaying a small 
rotatory power, [«] Sf; — 5°7° and + 5-0° respectively. On the other hand, Erlenmeyer 
and Schenkel (Helv. Chim. Acta, 1936, 19, 1169) were unable to detect any optical activity 
in the analogous compound phenylpentadeuterophenylacetic acid prepared from /-pheny]l- 
bromoacetic acid. Similarly, McGrew and Adams (J. Amer. Chem. Soc., 1937, 59, 1497) 
record the failure to observe any optical activity in a case where the groups Xq and Xp 
were aliphatic. Their method depended on the reduction of highly active /-A*-pentinen- 
y-ol with deuterium. As the last two cases were independent of the uncertainties of a reso- 
iution, they offer positive evidence of the optical inactivity of the asymmetric group. 

Thus, except in the outstanding case of «-pentadeuterophenylbenzylamine, the evidence 
suggests that the differences which exist between hydrogen and deuterium as substituents 
in the systems CHDRR, and CXyXpRR, are insufficient to give rise to measurable optical 
activity. 

TABLE I. 


Specific Rotations in Benzene Solution at 20° (i, 2). 


Phenylethylcarbinyl p-xenyl- — Phenyl-af-dideuteroethylcarbiny] 
urethane. p-xenylurethane. 
From (+) phenyl- 


ethylcarbinol By reduction Least sol. Most sol. 


(c, 2-514). 


+ 122-9° 
+ 129-7 
+ 150-4 


+ 292-2 


(c, 2-580). 
+ 95-9° 
+ 119-9 
+ 129-5 
+ 148-8 
+ 179-3 
+ 213-0 
+ 223-6 
+ 288-8 


(c, 2-519). 
+ 97-7° 
+ 121-1 
+ 128-6 
+ 148-5 
+-180-2 
+ 213-2 
+ 227-3 
+ 285-2 


TABLE II. 


Solubilities and Melting Potnts. 


Phenylethylcarbinyl p-xenyl- Phenyl-af-dideuteroethylcarbinyl 
urethane. p-xenylurethane. 
Less sol. crops. More sol. crops. Less sol. crops. More sol. crops. 
G. in 25 c.c. 0-1063 0-1119 0-1114 0-1218 
0-1061 0-1125 0-1116 0-1226 
4-25 4-49 4-46 4-89 
138-6—138-9° 138-4—138-6° 137-9—138-4° 136-7—137-5° 


Solubility S (g. per 1.) in benzene-cyclohexane mixture (1 : 4 by vol.) at 25-0°. 


EXPERIMENTAL. 


In an exploratory experiment, (—) phenylvinylcarbinol (6-7 g.), prepared by Duveen’s 
method (/oc. cit.), was added to p-xenylcarbimide (10 g.) and kept at 98° for 20 minutes. The 
reaction mixture, which set solid on cooling, was extracted with benzene. (+) Phenylvinyl- 
carbinyl p-xenylurethane (13 g., m. p. 134-5°) separated on addition of light petroleum. This 
on recrystallisation had m. p. 134-8—135-2°. Rotatory powers in benzene solution and com- 
parative data with Duveen’s results are in Table III. 

Reduction with Deuterium.—(+-) Phenylvinylcarbinyl p-xenylurethane (10 g.) in ether 
(250 c.c.) was mixed. with the platinum oxide catalyst (0-1 g.) (Adams, Vorhees, and Shriner, 
‘“‘ Organic Syntheses,” 8, 92) in a vessel which could be shaken when connected with a supply 
of deuterium prepared from 98% deuterium oxide (Coppock and Partridge, Joc. cit.) under 2 
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TABLE III. 


Phenylethylcarbinyl p-xenylurethane (A) 
prepared from (1), compared with speci- 
men prepared from phenylethylcarbinol 
obtained by reduction of (—) phenyl- 
(—)Phenylvinyl- Phenylvinylcarbinyl vinylcarbinol (B) (Duveen). 
carbinol. p-xenylurethane (1). A. B. 
[aj18° (7, 0-5). [a]20° (7, 2; c, 2-602).  [a]®° (J, 2; c, 2-514). [a]° (7, 2; c, 2-616). 


+ 122-9° + 119-1° 
+ 129-7 + 128-7 


+ 150-4 + 147-4 
+ 292-2 + 289-9 


111°/18 mm. oe saan 
— , 138-3—138-7° 138-3—138-7° 


mixed m. p. 138-2—138-5° 


* Values recorded by Duveen (loc. cit.). 


atms. pressure. After an induction period of about 10 minutes the reduction proceeded very 
rapidly for about 15 minutes, during which time about 375 c.c. (the calculated amount) were 
absorbed. The pressure continued to fall, however, for about 1} hours and a further 50 c.c. 
of deuterium were absorbed. This phenomenon has been previously observed by us during 
deuterium reductions, but does not appear to take place in similar catalytic reductions with 
hydrogen. 

After removal of the catalyst, light petroleum (1 1.) was added to the ethereal solution ; 
(+) phenyl-xB-dideuteroethylcarbinyl p-xenylurethane then separated in long needles, m. p. 
137-3—137-5°. Four recrystallisations from benzene-light petroleum (b. p. 60—80°) (1: 2) 
yielded needles (2-8 g.), m. p. 137-9—188-4° (Found: C, 80-0; H+ D, 6-6. C,3H,,D,0,N 
requires C, 79-3; H + D, 6-9%). The solubilities are in Table II. Careful recrystallisation 
of second crops produced a further 2 g. of material of approximately equal purity, m. p. 138-0— 
138-3°. A collection of material was made from the mother-liquors, yielding crystals (2 g.) 
m. p. 136-5—137-5° (solubility in Table II, rotations in Table I). 

Hydrogenation.—(+) Phenylvinylcarbinyl p-xenylurethane (5-5 g.) in ether (125 c.c.) 
was reduced with hydrogen in the same apparatus; hydrogen (190 c.c.) at 2 atms. pressure was 
absorbed during the reaction, which was complete in 30 minutes. After removal of the catalyst, 
light petroleum was added to the warm ethereal solution; (+) phenylethylcarbinyl p-xenyl- 
urethane then separated in large rectangular prisms (3-3 g.), m. p. 138-3—138-7° (Found : 
C, 80-0; H, 6-3. Calc. for C,,H,,O,N : C, 80-0; H, 63%). Mixed with an authentic specimen, 
it had m. p. 138-2—138-5°. The rotatory powers are in Table III. 

In order to determine the degree of utility of the melting-point and solubility methods in 
following any separation during the recrystallisations of the dideutero-compound it was de- 
cided to repeat the recrystallisation process with phenylethylcarbinyl p-xenylurethane. The 
melting points and solubilities are in Table II. 

Although phenylvinylcarbinyl p-xenylurethane is readily hydrolysed by hot dilute hydro- 
chloric acid, phenylethylcarbinyl p-xenylurethane proved to be unexpectedly difficult to hydro- 
lyse. The material remained unchanged in boiling 3N-sodium hydroxide or -hydrochloric acid. 
In an attempt to hydrolyse it, phenylethylcarbinyl p-xenylurethane (4-8 g.) was heated with 
30% (vol.) sulphuric acid in a paraffin-bath at 180°. Carbon dioxide was evolved, leaving 
a crystalline residue. After cooling and dilution with water, this residue was removed by filtra- 
tion (3-0 g.) (theory, calculated as 4-aminodiphenyl sulphate, 3-1 g.). From this, 4-aminodi- 
phenyl was obtained, which crystallised in pale yellow needles, m. p. 53—54°, from ether- 
light petroleum. From the dried ethereal extract of the filtrate, crystals of unchanged phenyl- 
ethylcarbinyl p-xenylurethane (0-4 g.) separated. The crude material had m. p. 134°, [a]5993 + 
112-4° (c, 2-02; 1, 2). 

After evaporation of the ether, and removal of the last traces of unchanged urethane by 
addition of light petroleum, the residual oil had a slight dextrorotation in petroleum solution, 
but on fractional distillation was found to consist of a heavy oil, b. p. 200°/20 mm., and a 
ponent b. p. 70—80°/20 mm., showing that hydrolysis had led to decomposition of the carbinyl 
residue. 

Second Series of Experiments.—These were made with a larger quantity of starting material 

19°5° 


according to scheme II. (—) Phenylvinylcarbinol (15 g.) (b. p. 107°/16 mm.; «@ fg; — 4°31°, 
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l, 0-5) was catalytically reduced with deuterium (2-5 1. at N.T.P. absorbed). The reduction 
was carried out within an hour of the preparation of the deuterium. 

Preparation of the deuterium. Deuterium oxide (10 g. of 99-6%) was added dropwise to 4% 
sodium amalgam (freshly prepared) and gently warmed. Deuterium was evolved smoothly 
and collected over water. A trap containing concentrated sulphuric acid was interposed between 
the gas holder and the reaction vessel to prevent back-diffusion of water vapour into the latter. 

Phenyl-af-dideuteroethylcarbinyl 3: 5-Dinitrobenzoate—(-+) Phenyl- «8 - dideuteroethylcar- 
binol (15 g., b. p. 207°) in pyridine (15 g.) was mixed with 3 : 5-dinitrobenzoyl chloride (25-5 g.) 
in small portions, the temperature being kept below 75°. The pasty mass, which still retained 
its light colour, was then warmed at 75° for } hour and subsequently treated with cold dilute 
sodium carbonate solution, followed by dilute hydrochloric acid, and the ester extracted with 
ether. The dried ethereal extract was evaporated to dryness and on trituration with a little 
petrol the residue (31 g.) solidified at once. Phenyl-«B-dideuteroethylcarbinyl 3 : 5-dinitrobenzoate 
was recrystallised from 96% alcohol at 45°, the liquors being placed in a refrigerator for a 
time before filtration. The third crop (14-5 g.) had m. p. 52—53° and consisted of large colour- 
less plates. [«]5s93 — 37°7°,[&] 5799 — 39°24°, [a] 546. — 45°57°, [a]a35g — 98°32° (c, 2-929; /, 2) 
(Found: N, 8-2. C,,.H,,.D,0,N, requires N, 8-4%). This (14-5 g.) immediately developed 
an intense violet coloration on addition of potassium hydroxide (4 g.) in ethyl alcohol (50 c.c.), 
but after $ hour’s heating on a steam-bath and subsequent steam-distillation (+) phenyl-a«f- 
dideuteroethylcarbinol was obtained colourless and in good yield (5-6 g.), b. p. 207°; asg93 + 
7-04°, c57g9 + 7°45°, O54¢1 + 8°43°, Oy358 + 14-11° (2, 0-25; ¢, 77°). 

The (+) carbinol (5-6 g.) was mixed with glacial acetic acid (30 c.c.), and chromic anhydride 
(4 g.) added in small portions at a rate sufficient to keep the mixture at 75—80°. Sodium 
hydroxide solution in excess was then added, and the mixture steam-distilled. The distillate 
was salted with potassium carbonate and extracted with ether; from the extract, phenyl 
«8-dideuteroethyl ketone (4-2 g.) crystallised in colourless plates, m. p. 19-5°, b. p. 208°, having 
&sgo3 + 0°10°, asre9 + O°14°, a&sag, + 0°24° (7, 0-25; ¢, 20°). From this (4:2 g.), the semi- 
carbazone of phenyl «8-dideuteroethyl ketone (5-3 g.), m. p. 175°, was prepared, having « + 0-01° 
in glacial acetic acid (c, 5-25; /, 2) and also in acetone (c, 1-0; /, 4). Mixed with the semicarb- 
azone of phenyl ethyl ketone, it had m. p. 175°. A further crop (0°3 g.), m. p. 174°, « + 0-01° 
in acetic acid (c, 1-0; /, 2) and in acetone (c, 1-1; /, 2), was obtained on cooling and dilution 
with water. 

The mother-liquors from this preparation were heavily salted with potassium carbonate 
and twice extracted with ether; the dried ethereal extract, concentrated to 5 c.c., had 
aie, + 0-04° (7, 0-25). 

The phenyl af-dideuterethyl ketone recovered by hydrolysis of the semicarbazone with 
hot dilute sulphuric acid, followed by steam-distillation, had zero optical rotation, « + 0-01° 
(2, 0-25; ¢, 18°), m. p. 19-5°. 
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205. The Crystal Structure of 9:10-Dihydroanthracene and 
9: 10-Dihydro-1 : 2: 5: 6-dibenzanthracene. 


By Joun IBALL. 


The crystal structure of 9: 10-dihydroanthracene and 9: 10-dihydro-1 : 2: 5: 6- 
dibenzanthracene has been investigated by X-rays. The latter compound crystallises 
in two distinct monoclinic modifications, and in one of them it is possible to demonstrate 
the presence in the molecule of a centre of symmetry. If it is assumed that the two 
naphthalene nuclei are planar, it follows that the whole molecule must be planar, as it 


possesses a centre of symmetry. 


IN a recent paper (this vol., p. 405), Campbell, Le Févre, Le Févre, and Turner discuss the 
molecular configuration of 9 : 10-dihydroanthracene and similar compounds. They show 
that, although for the completely aromatic compounds a planar configuration is required 
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according to stereochemical considerations, yet for the reduced compounds such as those 
described in the present paper a planar molecule is not the most stable form. Several 
compounds of this type, with the CH, groups of 9 : 10-dihydroanthracene replaced by other 
groups, have been shown previously to possess definite dipole moments. These findings 
were confirmed by those authors, who also found that the dipole moment of 9 : 10-dihydro- 
anthracene was not zero. Thus there is considerable evidence that this type of compound, 
at least in solution, has a folded structure in accordance with the requirements of stereo- 
chemical theory. 

Some measurements on the crystal structure of 9 : 10-dihydroanthracene, started some 
years ago, have now been completed, and it was thought that if the molecule were folded the 
departure from a plane model would be accentuated in 9 : 10-dihydro-1 : 2 : 5 : 6-dibenzan- 
thracene, which has been prepared in a pure state by Bachmann (J. Org. Chem., 1936, 1, 
347) by hydrolysis of the disodio-compound of 1 : 2: 5: 6-dibenzanthracene. The absorp- 
tion spectrum of a specimen prepared by this method has been examined by Dr. E. M. F. 
Roe, who gives the following report (a complete account of the spectra of this and similar 
compounds will be published by Dr. Roe elsewhere) : “‘ The absorption spectrum of the 
specimen of 9: 10-dihydro-l : 2: 5:6-dibenzanthracene used in the crystallographic 
analysis was naphthalenoid in type, as is the case in the other meso-saturated dibenzan- 
thracene derivatives, cis- and trans-9 : 10-dimethyl- and 9: 9: 10 : 10-tetramethyl-9 : 10- 
dihydro-1 : 2: 5: 6-dibenzanthracenes. It is evident therefore that the anomalous type of 
spectrum reported previously for 9 : 10-dihydro-1 : 2 : 5 : 6-dibenzanthracene (Proc. Roy. 
Soc. 1935, A, 152, 321) was due to contamination of the sample used.” 

9 : 10-Dihydroanthracene crystallises in short prisms which have been described by 
Groth (“‘ Chemische Kristallographie,” 1919, 5) as monoclinic prismatic. If this classifica- 
tion is correct, it is shown from the X-ray analysis that the molecule must possess either a 
plane or a centre of symmetry. However, as shown below,-there are serious difficulties in 
fitting the molecule into the unit cell if the space group is of the prismatic class, so it is 
probable that the lower of the two possible space groups, in which no molecular symmetry 
is necessary, is the correct one. 

In considering the configuration of the molecule of 9 : 10-dihydro-1 : 2 : 5 : 6-dibenzan- 
thracene, one can assume that the two naphthalene nuclei are planar, and if a model is 
constructed by using, as far as possible, the usual bond distances and valency angles, it is 
found that the most stable arrangement is one in which the planes of the two naphthalene 
nuclei are inclined to each other at about 40°. The single bonds by which the two middle 
atoms are joined to the naphthalene nuclei permit a limited rotation, and the model can be 
changed through a planar configuration into a mirror image of the first form. Thus it is 
possible for the molecule to possess a plane of symmetry in either its folded or its planar 
form, but it can only have a centre of symmetry when it is planar. 

9 : 10-Dihydro-1 : 2 : 5 : 6-dibenzanthracene crystallises in two distinct modifications, 
both of which are monoclinic. The shape of the crystals is similar in each case, being six- 
sided thin plates parallel to {001}, and they show in addition the forms {100} and {110}. 
One form (i) tends to be slightly elongated along 6, and the other (ii) along a. The two forms 
are easily identified under the microscope by their different edge angles and by their opposite 
sign of birefringence. If a solution in ethyl acetate is allowed to crystallise slowly by 
evaporation then the first form predominates, but if a slightly more concentrated solution is 
used and crystallised overnight, the second form predominates. Both kinds are usually 
found in the same batch. The two modifications had the same m. p., 218—219° (uncorr.), 
and there can be no doubt that they are the same compound, for crystals of one kind when 
dissolved will recrystallise under the appropriate conditions in the other modification. 

In the case of (ii) the space group is C},-B2,/c, and as there are only 4 molecules per unit 
cell, each molecule must have a centre of symmetry. This means that the molecule must be 
planar in this modification. From the X-ray data it is not possible to decide whether the 
form (i) belongs to the space group C$, or toC*. No pyroelectric effect was observed in these 
crystals, but a negative result with this test is not conclusive. If the space group is C$, the 
molecule must possess a centre of symmetry or a 2-fold axis of symmetry; the latter possi- 
bility is, however, ruled out by the X-ray intensities. 
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Thus it is shown that in at least one of the two crystalline modifications of 9 : 10-dihydro- 
1 : 2: 5: 6-dibenzanthracene the molecule is planar. For the other modification, and also 
for 9: 10-dihydroanthracene, it is not possible without a detailed analysis to decide 
definitely the molecular symmetry. It is possible that the constraints of the solid form are 
such as to make the molecules planar but that if they were examined in solution it would be 
found that they take up the folded configuration. 

It will be seen that if the molecules of these compounds are folded as suggested by the 
evidence of Campbell, Le Févre, Le Févre, and Turner, the unsymmetrically substituted 
compounds should be capable of resolution into optical isomers, but, as pointed out by these 
authors, attempts to resolve similar isomers have been unsuccessful (Bennett, Lesslie, and 
Turner, J., 1937, 444; Keats, ibid., p. 1592). The fact that the molecule of 9 : 10-dihydro- 
1 : 2: 5: 6-dibenzanthracene can exist in a planar configuration in the solid state suggests 
that the energy required to transform one isomer into its mirror image is small, and this 
probably explains why the attempts at resolution were unsuccessful. 


EXPERIMENTAL. 


9 : 10-Dihydroanthracene.—The crystals of this substance were short prisms showing the 
forms {110}, {001} and {101}. According to Groth (op. cit.), they are monoclinic prismatic with 
axial ratios, 1:2490: 1 : 1-7644, 8 = 113° 41’. The following angles are also given: m: m’ = 
(110) : (110) = 82° 20’; m:c = (110): (001) = 74° 40’; g:c = (101): (001) = 71° 30’. 
X-Ray analysis gives the following dimensions for the unit cell: @ = 7-70, b = 6-21, c = 11-09a., 

= 113°; 2 mols. of (C,,H,,) per unit cell; d (obs.), 1-212g./c.c.; d (calc.), 1-222g./c.c. Photo- 
graphs taken on Weissenberg and on moving-film cameras about each of the above axes showed 
that the only halving was (0k0) halved when & is odd. The space group is therefore either 
Ci, — P2,/m or C3 — P2,. The crystals show negative birefringence with B = b and y emerging 
at an angle to (001); the optic axial angle is large. No pyroelectric effect was observed. 

If the correct space group is C3, — P2,/m it would mean that the molecule has either a plane 
or a centre of symmetry. A centre of symmetry would result in there being one molecule at 
(000) and a reflected molecule at (0}0). This is not permissible owing to the short length of b, 
for even if the molecule is perfectly flat and perpendicular to b, there are only 3-1 a. between the 
two molecules. The fact that the optic direction 8 is along b, and the observed intensities of the 
(00) planes show that the molecule cannot be perpendicular to b. The only plane of sym- 
metry which the molecule is likely to possess is one passing through the two middle carbon 
atoms, and as this plane must be parallel to (010) the length of the molecules (OA; I) would be 
along b. The length of b is too small to allow this. Thus the correct space group must be 
C3—P2,. This space group gives no indication of the molecular symmetry, and without a 
detailed analysis it is not possible to decide whether the molecule has a planar configuration or 


one in which the benzene rings are inclined to each other. 


9: 10-Dihydro-1 : 2: 5 : 6-dibenzanthracene.—Form (i). The unit cell of this form has the 
following dimensions, etc.: a = 14:24, b = 5-27, c = 24-90, d (001) = 18-98 a., 8 = 130-2°; 4 
mols. of (CygH,,) per unit cell ; d(obs.), 1-296 g./c.c.; d(calc.), 1-306 g./c.c. The halvings observed 
on moving-film photographs were : (4k/) halved when (h + ) is odd, and (h0/) halved when 
horlisodd. The space group is therefore either C$, — C2/c or Cf — C2. From the halvings it 
is seen that the cell is face-centred on the c face, and this was confirmed by taking a rotation 
photograph about the diagonal of the c face. The crystals show positive birefringence with 
8 = b, and a is inclined at a small angle to the perpendicular to (001). No pyroelectric effect 
could be detected when the crystals were cooled in liquid air. This suggests that the correct 
space group is C},, but a negative result cannot be taken as decisive. 

In the space group C$, — C2/c, with only four molecules per cell, the molecule must have 
either a centre of symmetry or a 2-fold axisofsymmetry. The only possible axis of symmetry is 
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one perpendicular to the mean plane of the molecule, and as this plane would have to be parallel 
to (010) the reflexions from the (0k0) planes should be strong, whereas actually they are absent. 
Therefore if the correct space group is C$, the molecule must have a centre of symmetry and so 
would have a planar configuration. 

Form (ii). The following are the unit cell dimensions for this crystal form: a = 9-49, 
b = 6-76, c = 24-38, d (001) = 22-70 a., 8 = 111-4°. This cell is face-centred on the b face, but 
this c axis has been chosen so as to compare this cell with the previous one. (The primitive cell 
is pseudo-orthorhombic, with a and b as above and c = 11-34 a.; 8 is now approximately 90°.) 
The cell chosen contains 4 mols. of (C,.H,,),d@ (obs.), 1-258 g./c.c.; d (calc.), 1-278 g./c.c. The halv- 
ings observed on moving-film photographs taken about each crystallographic axis and about the 
ac diagonal are: (hk/) halved when (4 + 2) is odd, (h0/) halved when hf or / is odd, and (0k0) 
halved when k is odd. The space group is therefore C3}, — B2,/c. The crystals have a negative 
sign with 8B = b and y approximately along c. 

In the space group B2,/c with only 4 molecules per unit cell each molecule must possess a° 
centre of symmetry, and on the assumption that the naphthalene nuclei are planar and that the 
usual extranuclear valency angles are used as far as possible, the molecule of this compound can 
only have a centre of symmetry when the whole molecule is planar. 


The author thanks Sir William Bragg and the Managers of the Royal Institution for facilities 
provided at the Davy-Faraday Research Laboratory, where part of this work was carried 
out, and Dr. H. S. Childs, who prepared and crystallised 9: 10-dihydroanthracene. He is 
also indebted to Professor J. W. Cook, F.R.S., for a specimen of 9: 10-dihydro-1: 2: 5: 6- 
dibenzanthracene, and to the British Empire Cancer Campaign for a grant to the Hospital which 
has assisted this work. 
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206. Decomposition Reactions of the Aromatic Diazo-compounds. 
Part V. Reactions of Benzenediazonium Chloride with Sulphur, 
Selenium, and Tellurium. 

By WitiramM A. WATERS. 


Benzenediazonium chloride under acetone reacts with tellurium in the cold with 
formation of diphenyltellurium dichloride. It reacts, after warming, with both sulphur 
and selenium, giving diphenyl] sulphide and diphenyl] selenide respectively, but does not 
appear to react with red phosphorus, boron or silicon. 

The occurrence of reaction with the elements of Group VI confirms the hypothesis 
that free neutral phenyl radicals are produced during the decomposition of the benzene- 
diazonium chloride. 


THE elements selenium and tellurium have already proved to be exceedingly useful for 
detecting free alkyl radicals. It was therefore of interest to find whether they would also 
react with decomposing benzenediazonium chloride under acetone, for there is good reason 
to believe that in this mixture the free phenyl radical has a transient existence (Parts II 
and IV; J., 1937, 2007; this vol., p. 843). 

As anticipated, tellurium reacted in the cold with benzenediazonium chloride under 
acetone containing chalk, and diphenyltellurium dichloride was easily isolated. Tellurium 
thus behaves as a metal, resembling antimony and mercury in its brisk reaction with the 
diazonium chloride. 

In contrast, selenium did not react with the cold diazonium salt, but when the mixture 
was warmed until a gentle decomposition set in, some reaction occurred, for a little 
diphenyl selenide was proved to be formed. With sulphur again there was no reaction 
in the cold, but, after warming, a considerable amount of diphenyl sulphide and probably 
also of diphenyl disulphide was formed. 





1078 Decomposition Reactions, etc. Part V. 


These observations confirm the hypothesis that the diazonium chlorides 
decompose under acetone by the non-ionic mechanism (PhN,)*Cl”- —>.Ph:-N:NCl —> 
Ph: + N, + -Cl giving transient free neutral aryl radicals which are identical in chemical 
behaviour with the neutral alkyl radicals which have been studied in the gaseous phase. 

Since antimony reacts energetically with diazonium chlorides under acetone, it was of 
interest to see whether phosphorus would react also. For the sake of safety in manipulation 
red phosphorus was used, but there was no sign of its reaction with benzenediazonium 
chloride either in the cold or after heating. With amorphous boron, amorphous silicon, 
and charcoal also there was no reaction. Immediate reaction with solid metals (Part II) 
but not with solid non-metals thus seems to be a characteristic feature of the non-ionic 
decomposition of benzenediazonium chloride. This absence of reaction may be due to the fact 
that non-metals possess crystal structures built up by covalent linkages, which consequently 
have not electrons available for union with free radicals. Elementary sulphur, and possibly 
selenium too, might react as solutes in the warm acetone. 

A search for further syntheses of organo-metallic compounds by the use of diazonium 
salts is in progress. 

EXPERIMENTAL, 


Reaction with Tellurium.—15 G. of powdered tellurium were added to 20 g. of benzene- 
diazonium chloride and 20 g. of chalk in 300 c.c. of acetone. The reaction was controlled by 
cooling in ice and was completed by refluxing for 1 hour. After cooling, the solution was 
filtered, and the filtrate evaporated on the water-bath. The residue, which smelt strongly of 
chloroacetone, was extracted with light petroleum (b. p. 40—60°); the extract on cooling 
deposited colourless crystals of diphenyltellurium dichloride (1 g.), m. p. 159° (Found: Te, 
36-2; Cl, 20-0. Calc.: Te, 36-2; Cl, 20-1%). By using the double salt of benzenediazonium 
chloride and zinc chloride (from 20 g. of aniline) a better yield was obtained (3 g.). 

Reaction with Sulphur.—20 G. of sulphur powder, 20 g. of chalk, 20 g. of benzenediazonium 
chloride and 200 c.c. of acetone were mixed. No action occurred until the mixture was heated 
to above 50°. Reaction was completed by refluxing; the liquid was then filtered, and the 
filtrate evaporated on the water-bath. The residue, containing much chloroacetone, was 
treated with an excess of sodium hydroxide solution and distilled insteam. The crude diphenyl 
sulphide thus separated was distilled under reduced ‘pressure (5 g., b. p. 144—150°/15 mm.) 
and identified by oxidation with chromic acid in acetic acid, diphenylsulphone (3 g.), m. p. and 
mixed m. p. 128°, being obtained. The alkaline residue from the steam distillation was acidified 
and again steam distilled. The benzenethiol obtained was identified by oxidation to diphenyl 
disulphide (1 g.), m. p. and mixed m. p. 61°. Since the original reaction product did not smell 
of benzenethiol, it is probable that diphenyl disulphide was a primary reaction product and that 
this was reduced to the thiol by the hydroxyacetone formed by the action of the alkali on the 
chloroacetone. 

Reaction with Selenium.—30 G. of black selenium powder, 40 g. of chalk, 40 g. of benzene- 
diazonium chloride, and 300 c.c. of acetone were mixed. Again reaction occurred only on 
heating, and was completed by refluxing for 2 hours. After filtration and removal of the 
acetone, the residue was made strongly alkaline and distilled in steam; about 1 c.c. of a yellow 
oil was then obtained. The residue, after being made acid and subjected to steam distillation, 
gave no volatile product. The yellow oil proved to be diphenyl selenide, for, after extraction 
with carbon tetrachloride and drying, it was treated with bromine in the same solvent; orange- 
yellow needles of diphenylselenium dibromide were obtained (ca. 0-2 g.), m. p. 148—150° 
(decomp.) (Found: Se, 20-2. Calc.: Se, 20-1%). Krafft and Lyons (Ber., 1894, 27, 1765) 
give the decomposition temperature as about 148°; Behaghel and Siebert (Ber., 1932, 65, 815) 
give m. p. 144°. : 


UNIVERSITY SCIENCE LABORATORIES, DURHAM. [Received, May 26th, 1938.] 
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207. <A Reaction of Certain Diazosulphonates derived from B-Naphthol- 
l-sulphonic Acid. Part XVIII. 1:4-Diketo-3-(aminoaryl)tetrahydro- 
phthalazines and Related Compounds. 


By F. M. Rowe, M. A. L&cuTIER, and A. T. PETERs. 


The methods by which 1 : 4-diketo-3-(nitroaryl)tetrahydrophthalazines (I; R = 
nitroaryl) and 4-keto-l-methoxy-3-(nitroaryl)-3 : 4-dihydrophthalazines (II; R= 
nitroaryl) have been obtained are reviewed. Two of the latter compounds have been 
prepared by a new method. o-, m-, and p-Nitro-compounds of each type have been 
reduced to the corresponding amino-compounds, all of which are diazotisable. The 
o-amino-compounds have been converted into 2’: 4-anhydro-derivatives (III) by 
heating with dilute. hydrochloric acid in a sealed tube at 180°, demethylation also 
occurring in the case of the 1-methoxy-compounds. 


Onty three 1 : 4-diketo-3-(nitroaryl)tetrahydrophthalazines, viz., the 4’-nitrophenyl 
(Rowe and Levin, J., 1928, 2554), 3’-nitrophenyl (Rowe, Himmat, and Levin, ibid., p. 
2563), and 4’-nitro-2’-methylphenyl (Rowe and Siddle, J., 1932, 480) compounds, are 
obtainable from the corresponding nitro-3-arylphthalaz-l-ones via the alcohol compounds 
of their methylated products, followed by demethylation. The synthetic method, using 
a nitroarylhydrazine and phthalic anhydride, also has limitations, since, of the eight cases 
examined, only phthalyl-3’-nitro-, -4’-nitro-, and -4’-nitro-2’-methyl-phenylhydrazides 
are satisfactorily convertible into the corresponding 1 : 4-diketo-3-(nitroaryl)tetrahydro- 
phthalazines. On the other hand, 1 : 4-diketo-3-(nitroaryl)tetrahydrophthalazines in 
general are prepared conveniently, and usually in good yields, by oxidising hot aqueous 
suspensions of 1-hydroxy-3-(nitroaryl)-3 : 4-dihydrophthalazine-4-acetic acids with potass- 
ium permanganate (Rowe, Gillan, and Peters, J., 1935, 1810): 1 : 4-diketo-3-(4'-chloro- 
2’-nitrophenyl)tetrahydrophthalazine and its analogues used in the present investigation 
have thus been prepared. 

4-Keto-1-methoxy-3-(nitroaryl)-3 : 4-dihydrophthalazines, three of which are obtain- 
able directly by the first method given above, are in general conveniently prepared by the 
methylation of 1 : 4-diketo-3-(nitroaryl)tetrahydrophthalazines; in addition, 4-keto-1- 
methoxy-3-(4’-nitropheny]l)-3 : 4-dihydrophthalazine is obtained by the action of nitrous 
acid, or of a boiling alcoholic solution of p-nitrosodimethylaniline, on 1-methoxy-3-(4’- 
nitrophenyl)-4-methylene-3 : 4-dihydrophthalazine and also as a by-product of the methy]l- 
ation of the latter compound in nitrobenzene solution with methyl sulphate (Rowe and 
Twitchett, J., 1936, 1709). We have now found that 4-keto-l-methoxy-3-(4’- and 3’- 
nitrophenyl)-3 : 4-dihydrophthalazines are prepared in good yield by oxidising hot aqueous 
solutions of 1-methoxy-3-(4’- and 3’-nitrophenyl)-4-methylphthalazinium perchlorates 
with potassium permanganate, the 4’-nitro-compound being obtained equally well by 
a similar oxidation of a solution of the methylene base in dilute sulphuric acid. 

Oxidation of 1-hydroxy-3-(aminoaryl)-3 : 4-dihydrophthalazine-4-acetic acids with 
potassium permanganate having failed to give the 1 : 4-diketo-3-(aminoaryl)tetrahydro- 
phthalazines, the amino-compounds now described were prepared by reduction of the 
corresponding nitro-compounds. 


CO COH co 
wHo (YN (YS NH 
NR NR Age Ae (or Cl) 
Vo XO 0 : 
“Nes 


(Ia.) (I1.) (III.) 


4-Keto-1-methoxy-3-(4'-aminophenyl)-3 : 4-dithydrophthalazine (II; R = 4’-aminopheny]) 

is best prepared by reducing an alkaline solution of the corresponding nitro-compound with 

hyposulphite (hydrosulphite). The 3’-amino-compound cannot be obtained in this way 

owing to the insolubility of the nitro-compound in alkali, but reduction with acid stannous 
4A 
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chloride is satisfactory in this case and also for the 2’-amino-isomeride. On the other 
hand, 4-keto-1-methoxy-3-(4'-chloro-2'-nitrophenyl)-3 : 4-dihydrophthalazine is most effec- 
tively reduced to the 4’-chloro-2’-amino-compound by iron and dilute acetic acid. 
Although the amino-group cannot be eliminated from 4’-amino-3-phenylphthalaz-l-one 
without further degradation (Rowe and Levin, J., 1928, 2550), 4-keto-1-methoxy-3-pheny]- 
3 : 4-dihydrophthalazine (Rowe, Gillan, and Peters, J., 1935, 1815) is obtained from 4- 
keto-1-methoxy-3-(4'-aminopheny])-3 : 4-dihydrophthalazine by diazotisation and treat- 
ment with sodium stannite. 

1 : 4-Diketo-3-(aminoaryl)tetrahydrophthalazines (I; R= aminoaryl), like their 
nitro-analogues (Rowe, Gillan, and Peters, loc. cit., p. 1809), appear to react only in the 
tautomeric form of 4-keto-l-hydroxy-3-(aminoaryl)-3 : 4-dihydrophthalazines (Ia), but 
the nomenclature of (I) is retained in the present communication to avoid confusion with 
previous papers in this series. 1 : 4-Diketo-3-(4'- and 3’-aminophenyl)tetrahydrophthalazines 
are prepared by reducing the corresponding nitro-compounds with alkaline hyposulphite, 
as well as by demethylating the above ketomethoxy-compounds, but the high-melting 
2’-amino- and 4’-chloro-2'-amino-analogues are best obtained by reducing the corresponding 
nitro-compounds with acid stannous chloride. Curiously enough, 1 : 4-diketo-3-(2’- 
amino- and 4’-chloro-2’-amino-phenyl)tetrahydrophthalazines form only diacetyl deriv- 
atives, whereas all the other amino-compounds now described form only monoacetyl de- 
rivatives. 

2’-Amino-3-aryl- and 2’-amino-3-aryl-l1-methyl-phthalaz-4-ones are converted into 
2’ : 4-anhydro-derivatives by heating with dilute hydrochloric acid (1 : 8) in a sealed tube 
at 180° for 6 hours (Rowe, Adams, and Peters, J., 1937, 90). Under similar conditions, 
2’ : 4-anhydro-1 : 4-diketo-3-(2'-amino- and  4'’-chloro-2’-amino-phenyl)tetrahydrophthal- 
azines (III) have now been obtained from the respective diketo-amino-compounds, as well 
as from the corresponding keto-methoxy-compounds owing to simultaneous demethylation 
and removal of 1 molecule of water. Compounds ({II) form acetyl derivatives which 
appear to be acetoxy-compounds. 


As has been observed with a number of other phthalazine derivatives, some of the 
amino-compounds now described retain solvent of crystallisation tenaciously and this 
cannot always be removed without degradation occurring. 


EXPERIMENTAL. 


4-Keto-1-methoxy-3-(4'-nitropheny]l)-3 : 4-dihydrophthalazine (J., 1928, 2554; 1935, 1811) 
was prepared by a new method. Finely powdered potassium permanganate (10 g.) was added 
to a solution of (a) 1-methoxy-3-(4'-nitrophenyl)-4-methylene-3 : 4-dihydrophthalazine (J., 
1931, 1071) (5 g.) in concentrated sulphuric acid (70 c.c.) and water (500 c.c.), or (b) 1-methoxy- 
3-(4’-nitrophenyl)-4-methylphthalazinium perchlorate (J., 1936, 1709) (5 g.) in water (600 c.c.), 
at 90°; decolorisation occurred in 5 minutes. The mixture was then cooled, and sulphur 
dioxide introduced. When only an almost colourless precipitate remained, it was collected 
and crystallised from glacial acetic acid, forming colourless needles, m. p. and mixed m. p. 
with specimens prepared in other ways (loc. cit.) 199° [yield: (a) 4g., 79°5%; (6) 3 g., 79-9%]. 

4-Keto-1-methoxy-3-(4'-aminophenyl)-3 : 4-dihydrophthalazine (Il; R = 4'-aminophenyl).— 
Sodium hyposulphite (hydrosulphite) (5 g.) and water (100 c.c.) were added gradually to a 
boiling solution of 4-keto-1-methoxy-3-(4’-nitropheny])-3 : 4-dihydrophthalazine (1 g.) in water 
(40 c.c.), alcohol (120 c.c.), and sodium hydroxide (5 g.). When the deep brownish-red colour 
of the solution had changed to pale yellow (alkaline), the mixture was concentrated (125 c.c.) 
and cooled, and. the precipitate collected. 4-Keto-1-methoxy-3-(4'-aminophenyl)-3 : 4-dihydro- 
phthalazine crystallised from aqueous alcohol in colourless rectangular plates, m. p. 197° (yield, 
0-8 g.; 89%) (Found: C, 67-2; H, 5-3; N, 15-5. C,;H,,0,N; requires C, 67-4; H, 4:9; N, 
15-7%), readily soluble in cold chloroform or hot benzene, but insoluble in ether or light petrol- 
eum. It was insoluble in aqueous alkalis, but readily soluble in warm dilute mineral acids, and 
was diazotisable. The acetyl derivative crystallised from water in colourless needles, m. p. 
215—216° (Found: C, 66-0; H, 5:2; N, 13-7. C,,H,,0O,N, requires C, 66-0; H, 4:9; N, 
13-6%). 

Elimination of the Amino-group from 4-Keto-1-methoxy-3-(4'-aminophenyl)-3 : 4-dihydro- 
phthalazine—A solution of the amino-compound (1 g.) in dilute hydrochloric acid (50 c.c.; 
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1: 8) at 5° was diazotised with sodium nitrite (0-5 g.), cooled to 0°, and a solution of sodium 
stannite (20 c.c.) [prepared by adding 50% aqueous sodium hydroxide to a solution of stannous 
chloride (1 part) in water (3 parts) until the precipitate had almost redissolved and then filtering] 
added. The precipitate of 4-keto-l-methoxy-3-phenyl-3 : 4-dihydrophthalazine crystallised 
from methyl] alcohol in colourless needles, m. p. and mixed m. p. with the specimens already 
described (J., 1935, 1815) 111° (yield, 0-35 g.; 37-1%). 

1 : 4-Diketo-3-(4'-aminophenyl)tetrahydrophthalazine (I; R = 4’-aminophenyl).—(a) Sodium 
hyposulphite (hydrosulphite) (3 g.) was added gradually to a solution of 1 : 4-diketo-3-(4’- 
nitrophenyl)tetrahydrophthalazine (J., 1935, 1811) (1 g.) in water (50 c.c.) and sodium hydroxide 
(1 g.) at 80° until the red colour of the solution had changed to pale yellow (alkaline). It was 
then concentrated (20 c.c.) and cooled, and hydrochloric acid added carefully until a white pre- 
cipitate had separated completely (yield, 0-6 g.; 62-7%). (b) 4-Keto-1-methoxy-3-(4’-amino- 
phenyl)-3 : 4-dihydrophthalazine (1 g.) was heated with hydrobromic acid (d 1-7; 12 c.c.) and 
glacial acetic acid (0-5 c.c.) in a sealed tube at 160—170° for 1 hour. The product was made 
alkaline with aqueous sodium hydroxide and filtered, and the cold filtrate precipitated carefully 
with hydrochloric acid (yield, 0-6 g.; 59-1%). 

1 : 4-Diketo-3-(4’-aminophenyl)teirahydrophthalazine crystallised from water in small colourless 
needles, m. p. 247—248°, containing 1 mol. of water (Found in material dried at 90°: C, 61-8; 
H, 4:9; N, 15-7. C,,H,,O,N;,H,O requires C, 62-0; H, 4:8; N, 15-5%) which was not re- 
moved completely by heat; recrystallisation from organic solvents did not give the anhydrous 
compound. The base is readily soluble in alcohols, pyridine, and nitrobenzene, but almost 
insoluble in acetone, benzene, chloroform, or ethyl acetate. It dissolves in cold aqueous alkalis 
and in warm dilute mineral acids, and is diazotisable. Attempts to prepare it by oxidising 
1-hydroxy-3-(4'-aminopheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (10-5 g.) with potassium 
permanganate in a similar manner to that employed with the nitro-acid (Joc. cit.) gave only 
4'-amino-3-phenyl-4-methylphthalaz-l-one (yield, 3 g.; 33-8%) (J., 1931, 1072), together 
with intractable brown oxidation products. The N-acetyl derivative, prepared by boiling the base 
with glacial acetic acid and acetic anhydride (6: 1) for 5 minutes, crystallised from water in 
colourless needles, m. p. 299—300° (Found: C, 65-1; H, 4:5; N, 14:2. C,,.H,,;0,N, requires 
C, 65-1; H, 4-4; N, 14:2%), soluble in warm dilute mineral acids and in warm aqueous alkalis. 
All attempts to prepare a diacetyl derivative from the base or from this monoacetyl compound 
failed. 

4-Keto-1-methoxy-3-(3’-nitropheny]l)-3 : 4-dihydrophthalazine (J., 1928, 2562; 1935, 1812) 
was prepared by oxidising 1-methoxy-3-(3’-nitrophenyl)-4-methylphthalazinium perchlorate 
(J., 1936, 1709) (5 g.) with potassium permanganate as described above for the 4’-nitro- 
isomeride [method (b): yield, 3 g.; 79-9%]. 

4-Keto-1-methoxy-3-(3'-aminophenyl)-3 : 4-dihydrophthalazine (II; R = 3’-aminophenyl).— 
4-Keto-1-methoxy-3-(3’-nitropheny])-3 : 4-dihydrophthalazine (1-7 g.) was refluxed with stan- 
nous chloride (30 g.) in concentrated hydrochloric acid (75 c.c.) for 10 minutes. On cooling, the 
colourless crystalline hydrochloride, m. p. 251—254°, which separated almost quantitatively, 
was filtered off, washed with cold concentrated hydrochloric acid, and dissolved in water (350 
c.c.) at 650°, and the base precipitated by ammonia. 4-Keto-1-methoxy-3-(3'-aminophenyi)- 
3 : 4-dihydrophthalazine crystallised from water or pyridine in colourless needles, m. p. 181° 
(yield, 1-4 g.; 91-6%) (Found: C, 67-6; H, 5-1; N, 15-85. C,,;H,,0,N, requires C, 67-4; 
H, 4:9; N, 15-7%), soluble in alcohols, acetone, and benzene. It is insoluble in aqueous alkalis, 
but soluble in warm dilute mineral acids, and is diazotisable. Reduction of the above nitro- 
compound in alkaline media was unsuccessful owing to its insolubility under these conditions, 
whereas the 4’-nitro-isomeride is best reduced in alkaline solution (see above). The acetyl 
derivative crystallised from aqueous alcohol in colourless prisms, m. p. 246—247° (Found : 
C, 65-8; H, 5-0; N, 13-4. C,,H,,0,N, requires C, 66-0; H, 4-9; N, 13-6%). 

1 : 4-Diketo-3-(3'-aminophenyl)tetrahydrophthalazine (I; R = 3’-aminophenyl).—(a) 1: 4- 
Diketo-3-(3'-nitrophenyl)tetrahydrophthalazine (J., 1928, 2563; 1935, 1812) (1 g.) was re- 
duced with alkaline hyposulphite (hydrosulphite) as described above for the 4’-nitro-isomeride 
(yield, 0-8 g.; 89-5%). (b) Iron powder (6 g.) and boiling water (50 c.c.) were added gradually 
and simultaneously to a boiling solution of 1 : 4-diketo-3-(3’-nitrophenyl)tetrahydrophthalazine 
(3 g.) in glacial acetic acid (150 c.c.) and water (50. c.c.). After boiling for a further 10 minutes 
(charcoal), the liquid was filtered; the base crystallised on cooling (yield, 1-9 g.; 70-9%). (c) 
4-Keto-1-methoxy-3-(3’-aminopheny])-3 : 4-dihydrophthalazine (1 g.) was demethylated by 
heating with hydrobromic acid (d 1-7; 5 c.c.) in a sealed tube at 150° for 1 hour, and the product 
precipitated by neutralising the solution with aqueous sodium hydroxide (yield, 0-7 g.; 73-9%). 
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1 : 4-Diketo-3-(3'-aminophenyl)tetrahydrophthalazine crystallised from water in almost 
colourless, irregular prisms, or from methyl alcohol in prismatic needles, m. p. 233—234° 
(Found: C, 66-2; H, 4:7; N, 17-0. C,,H,,O,N, requires C, 66-4; H, 4:35; N, 16-6%), which 
were coloured brown by exposure to light. It dissolved in cold aqueous alkalis and in warm 
dilute mineral acids, and was diazotisable. The N-acetyl derivative crystallised from aqueous 
alcohol in small colourless needles, m. p. 153—154°, containing 1 mol. of water (Found in 
material dried at 90°: C, 61-1; H, 45; N, 13-0. C,,H,,0,N,,H,O requires C, 61:35; H, 4-8; 
N, 13-4%), which was not removed completely by heat or by crystallisation from other solvents. 

4-Keto-1-methoxy-3-(2'-aminophenyl)-3 : 4-dihydrophthalazine (Il; R = 2’-aminophenyl).— 
Finely powdered 4-keto-1-methoxy-3-(2’-nitropheny])-3 : 4-dihydrophthalazine (J., 1935, 1812) 
(2-5 g.) was ground with a solution of stannous chloride (10 g.) in concentrated hydrochloric acid 
(40 c.c.), and the mixture boiled for 10 minutes. After cooling, the colourless crystals were 
collected, dissolved in water (200 c.c.) and concentrated hydrochloric acid (5 c.c.) at 80°, and 
filtered, and the cold filtrate precipitated with ammonia. 4-Keto-1-methoxy-3-(2’-aminophenyl)- 
3 : 4-dihydrophthalazine crystallised from pyridine in colourless prisms, m. p. 234—235° (yield, 
1-6 g.; 71:2%) (Found: C, 67-8; H, 5-1; N, 15-9. C,;H,,0,N, requires C, 67-4; H, 4-9; 
N, 15-7%), insoluble in aqueous alkalis, but soluble in warm dilute mineral acids, and diazo- 
tisable. The acetyl derivative crystallised from alcohol in colourless needles, m. p. 219—220° 
(Found: C, 65-6; H, 49; N, 13-7. C,,H,,;0O;N, requires C, 66-0; H, 4:9; N, 13-6%). 

1 : 4-Diketo-3-(2'-aminophenyl)tetrahydrophthalazine (I; R = 2’-aminophenyl).—1 : 4-Di- 
keto-3-(2’-nitrophenyl)tetrahydrophthalazine (J., 1935, 1812) (2 g.) was ground with a solution 
of stannous chloride (10 g.) in concentrated hydrochloric acid (50 c.c.), and the mixture boiled 
for 5 minutes; there was a transient solution and then crystals separated quickly. The liquid 
was filtered immediately, as further heating led to formation of some of the anhydro-compound 
(see below). The crystals were washed with warm concentrated hydrochloric acid, dissolved 
in dilute hydrochloric acid (200 c.c.; 1: 20) at 80°, and filtered, and the cold filtrate neutralised 
carefully with ammonia. The almost colourless, amorphous precipitate which separated gradu- 
ally was collected and dried in air. 1 : 4-Diketo-3-(2’-aminophenyl)tetrahydrophthalazine, after 
several crystallisations from pyridine, formed almost colourless prisms, darkening at 400°, 
followed by much shrinking and melting at 430° (approx.) (decomp.); they contained 1 mol. 
of pyridine (yield, 0-5 g.; 21-3%) (Found in material dried at air temperature: C, 68-6; H, 
4-95; N, 16-4. C,,H,,0O,N3,C;H;N requires C, 68-7; H, 4:8; N, 16-9%), which was slowly 
lost on keeping. On heating at 130—140° for 2—3 hours, the transparent crystals gradually 
lost pyridine and became amorphous (Found : C, 66-7; H, 4-25; N, 16-6. C,,H,,0,N, requires 
C, 66-4; H, 4:35; N, 16-6%). The compound dissolved in warm aqueous alkalis and in warm 
dilute mineral acids, and was diazotisable. The diacetyl derivative, obtained with acetic an- 
hydride, crystallised from acetic anhydride in colourless prismatic needles, m. p. 224—225° 
(yield, 0-2 g. from 0-3 g. of the pyridine compound; 65-7%) (Found: C, 64-1; H, 4-6; N, 
12-4. C,gH,,0O,N, requires C, 64-1; H, 4-45; N, 12:5%), insoluble in warm aqueous alkalis, 
but soluble on boiling. 

2’ : 4-Anhydro-1 : 4-diketo-3-(2'-aminophenyl)tetrahydrophthalazine (III).—1 : 4-Diketo-3-(2’- 
aminophenyl)tetrahydrophthalazine (0-8 g. of the pyridine compound) was heated with dilute 
hydrochloric acid (18 c.c.; 1: 8) ina sealed tube at 180° for 6 hours. The crystals were collected, 
ground with a little warm aqueous ammonia, and washed. 2’: 4-Anhydro-1 : 4-diketo-3-(2'- 
aminophenyl)tetvahydrophthalazine crystallised from pyridine in almost colourless prisms, m. p. 
> 430° (decomp.) (yield, 0-4 g.; 706%) (Found: C, 71:7; H, 3-8; N, 17:7. C,,H,ON,; 
requires C, 71-5; H, 3-8; N, 17-9%), less soluble in pyridine than the amino-compound from 
which it is derived. It is soluble in warm aqueous alkalis and in hot dilute mineral acids. 
It was also obtained by heating 4-keto-1-methoxy-3-(2’-aminopheny]l)-3 : 4-dihydrophthalazine 
(2 g.) with dilute hydrochloric acid (25c.c.; 1:8) inasealed tube at 180° for 6 hours (yield, 1-1 g.; 
62-5%) (Found: N, 17-9%) [confirmed by conversion into the acetyl derivative (below), m. p. 
and mixed m. p. 222—223°]. The O-acetyl derivative crystallised from acetic anhydride in 
colourless needles, m. p. 222—223° (mixed with the above diacetyl derivative of the 2’-amino- 
compound, it melted at 202°) (Found: C, 69-0; H, 3-9; N, 15-3. C,gH,,0O,N, requires C, 
69-3; H, 4:0; N, 15-2%), insoluble in aqueous alkalis. 

1 : 4-Diketo-3-(4'-chloro-2'-nitrophenyl)tetrahydrophthalazine, obtained by the oxidation of 
1-hydroxy-3-(4’-chloro-2’-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid (J., 1935, 1803) 
(10 g.) with potassium permanganate in a similar manner to that employed with the 2’-nitro- 
analogue (J., 1935, 1812), crystallised from glacial acetic acid in yellow prismatic needles, m. p. 
286—287° (yield, 4 g.; 45:-5%) (Found: C, 52:95; H, 26; Cl, 11:3. C,,H,O,N,Cl requires 
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C, 52-9; H, 2-5; Cl, 11-2%), soluble in dilute sodium carbonate solution with a yellow colour, 
and in aqueous sodium hydroxide or ammonia with an orange-yellow colour. 

4-Keto-1-methoxy-3-(4'-chloro-2'-nitrophenyl)-3 : 4-dihydrophthalazine, prepared via the yellow 
silver salt (2 g.) of the above diketo-compound by refluxing with methyl iodide in dry benzene, 
crystallised from benzene in pale yellow, prismatic needles, m. p. 225—228° (yield, 1-1 g.; 
70-56%) (Found: C, 54:2; H, 3-1; Cl, 10-6. C,;H,,9O,N;Cl requires C, 54:3; H, 3-0; Cl, 
10-7%). 

4-Keto-1-methoxy-3-(4'-chloro-2'-aminophenyl)-3 : 4-dihydrophthalazine (II; R = 4’-chloro- 
2’-aminophenyl).—Iron powder (3 g.) was added gradually during 10 minutes to a boiling 
solution of 4-keto-1-methoxy-3-(4’-chloro-2’-nitrophenyl)-3 : 4-dihydrophthalazine (2 g.) in 
glacial acetic acid (50 c.c.) and water (30c.c.). After boiling for a further 10 minutes (charcoal), 
the liquid was filtered, and boiling water (50c.c.) added. 4-Keto-1-methoxy-3-(4'-chloro-2'-amino- 
phenyl)-3 : 4-dihydrophthalazine, which separated on cooling, crystallised from benzene in 
colourless prisms, m. p. 217—219° (yield, 1 g.; 55%) (Found: C, 60-1; H, 4-0; N, 14:3; Cl, 
11-5. C,;H,,0,N,Cl requires C, 59-7; H, 4:0; N, 13-9; Cl, 11-8%), insoluble in aqueous 
alkalis, but soluble in hot dilute mineral acids, and diazotisable. The above nitro-compound 
was only partly reduced by prolonged boiling with stannous chloride and hydrochloric acid, in 
presence or absence of glacial acetic acid. The acetyl derivative crystallised from alcohol in 
colourless needles, m. p. 272—274° (Found : C, 59-0; H, 3-9; N, 11-9; Cl, 10-3. C,,H,,0O,N,Cl 
requires C, 59-4; H, 4-1; N, 12-2; Cl, 10-3%). 

1 : 4-Diketo-3-(4'-chloro-2'-aminophenyl)tetrahydrophthalazine (I; R = 4’-chloro-2’-amino- 
phenyl).—1 : 4-Diketo-3-(4'-chloro-2’-nitrophenyl)tetrahydrophthalazine (2 g.) was reduced 
with stannous chloride (12 g.) and concentrated hydrochloric acid (50 c.c.) by boiling for 10 
minutes, and the product isolated as described above for the 2’-amino-analogue. 1 : 4-Diketo- 
3-(4'-chloro-2'-aminophenyl)tetrahydrophthalazine crystallised from pyridine in almost colourless 
needles, which began to shrink and darken at 440°, but did not melt (yield, 0-8 g.; 44-2%) 
(Found: C, 58-5; H, 3-5; N, 14:85; Cl, 12-3. C,,H,,0O,N,Cl requires C, 58-4; H, 3-5; N, 
14-6; Cl, 12-35%), soluble in warm aqueous alkalis and in hot dilute mineral acids, and diazo- 
tisable. It was unaltered by warming with concentrated sulphuric acid at 100° for 5 minutes 
[confirmed by conversion into the diacetyl derivative (below), m. p. and mixed m. p. 245— 
246°]. The diacetyl derivative, obtained with acetic anhydride, crystallised from alcohol in 
fine colourless needles, m. p. 245—246° (yield, 0-4 g. from 0-4 g. of the base; 77-4%) (Found : 
C, 58:3; H, 3-9; N, 11-7; Cl, 9-3. C,gH,,O,N,Cl requires C, 58-15; H, 3-8; N, 11-3; Cl, 
9-55%), insoluble in aqueous alkalis. 

2’: 4-Anhydro-1 : 4-diketo-3-(4'-chloro-2'-aminophenyl)tetrahydrophthalazine (III).—1 : 4-Di- 
keto-3-(4’-chloro-2’-aminopheny])tetrahydrophthalazine (2 g.) was heated with dilute hydro- 
chloric acid (18 c.c.; 1:8) in a sealed tube at 170° for 6 hours, and the product isolated as 
described above for the analogous 2’-amino-derivative. The anhydro-compound (III) crystal- 
lised from pyridine in small colourless needles, which did not melt at 440° (yield, 1-2 g.; 64%) 
(Found: C, 62-3; H, 3-1; N, 15-3; Cl, 13-2. C,,H,ON,Cl requires C, 62-3; H, 3:0; N, 
15-6; Cl, 13-2%); it was soluble in warm aqueous alkalis and sparingly soluble in dilute mineral 
acids. It was also obtained by heating 4-keto-1-methoxy-3-(4’-chloro-2’-aminopheny]l)- 
3 : 4-dihydrophthalazine (1-5 g.) with dilute hydrochloric acid (18 c.c.; 1: 8) in a sealed tube 
at 180° for 6 hours (yield, 0-9 g.; 67-1%) (Found: C, 62-3; H, 3-0; N, 15-3; Cl, 13-2%). 
The O-acetyl derivative separated from a solution of the anhydro-compound in acetic anhydride 
and a little pyridine in fine colourless needles, which did not melt at 440° (Found: C, 61-3; 
H, 3-0; N, 13-1; Cl, 11-2. C,H ,O,N,Cl requires C, 61-6; H, 3-2; N, 13-5; Cl, 11-4%) 
and were insoluble in aqueous alkalis. 

CLOTHWORKERS’ RESEARCH LABORATORY, LEEDS UNIVERSITY. (Received, May 24th, 1938.] 





208. The Reaction between Phenylhydrazine and 4-Chloroquinoline Deriv- 
atives, and the Preparation of the Corresponding 4-Benzeneazo- and 
4-Amino-compounds. 

By O. G. BACKEBERG. 


Phenylhydrazine and 4-chloroquinoline derivatives react to form two isomeric 
products according to the conditions of the reaction, (i) the corresponding 4-phenyl- 
hydrazino-compound (I) if the reaction is carried out at 200° in an inert solvent. and 
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(ii) an isomeric substance, which is regarded as the corresponding 3-anilino-4-amino- 
compound (V), if the reaction is carried out in a sealed tube at 200°. 

The 4-phenylhydrazino-compounds are unstable in air, and are readily oxidised 
by ferric chloride to the corresponding 4-benzeneazo-compounds. Reduction with 
zinc dust and hydrochloric acid of either the 4-phenylhydrazino- or the 4-benzeneazo- 
compounds gives the 4-amino-compounds; this affords a convenient method for 
the preparation of 4-aminoquinoline derivatives. The yields in all the above reactions 
are good. 

Confirmation of the structure assigned to the sealed-tube reaction product is 
found in its conversion into the iminazole (VII) by the action of acetic anhydride. 

Three of the benzeneazo-compounds described appear to exist in two forms. 


EPHRAIM (Ber., 1893, 26, 2227) reported that, when 4-chloroquinaldine (1 mol.) and 
phenylhydrazine (2 mols.) were heated in an oil-bath at 115°, the product was 4-phenyl- 
hydrazinoquinaldine (I), yellowish crystals from benzene, m. p. 134°, which turned brown 
in air, and formed a hydrochloride, m. p. 272° (decomp.). In support of the structure 
assigned to the base he stated that it was reduced to 4-aminoquinaldine by zinc dust and 
hydrochloric acid. 

An investigation of the reaction showed that, as in the reaction with hydrazine hydrate 
(Koenigs and von Loesch, J. pr. Chem., 1935, 143, 59), two different products are obtain- 
able according to the conditions of the reaction: (i) 4-phenylhydrazinoquinaldine (I), 
m. p. 188° (hydrochloride, m. p. 284°, decomp.); this base was formed from the reactants 
by heating them in equivalent amount at 200° in an inert solvent; it was oxidised in air 
to the red 4-benzeneazoquinaldine (III), it reduced Fehling’s solution, and it was decom- 
posed by copper sulphate in acid solution, and (ii) an isomeric substance, C,,H,;N; 
(II), m. p. 142° (hydrochloride, m. p. 218°, decomp.), stable in air, possessing none of the 
reducing properties of a hydrazine, and unchanged by reduction with zinc dust and hydro- 
chloric acid; this compound was formed when 4-chloroquinaldine and excess of phenyl- 
hydrazine were heated in a sealed tube at 200°. Repetition of the experiment under the 
conditions described by Ephraim gave a tarry product, from which a small quantity of 
the compound (I) was isolated, but a product having m. p. 134° could not be obtained 
from the reaction. 

The compound (I) was readily oxidised by ferric chloride in acetic acid solution to 
4-benzeneazoquinaldine (III), and both the compounds (I) and (III) were so easily reduced 
to 4-aminoquinaldine that this affords a convenient method for the preparation of such 
4-amino-compounds; furthermore, the behaviour of the compound (I) in these oxidation 
and reduction reactions definitely established its constitution. 

It is probable that the compound (I) is the first product of the reaction, for by heating 
it in a sealed tube with phenylhydrazine it was transformed into the isomer (II). 


NH-NHPh N:NPh NH-C,H,NH; (4) NH, 


NHPh 
Me Me Me Me 
N 
(I.) (III.) (IV.) (V.) 


The possibility that the isomer (II) may be a benzidine or semidine transformation 
product of the hydrazino-compound (I) cannot be excluded, although it is rendered im- 
probable by the fact that the compound (I) is unchanged by heating with dilute hydro- 
chloric acid; the #-semidine transformation product, 4-p-aminoanilinoquinaldine (IV), 
was synthesised and found to be different from the isomer (II). By the same procedure 
adopted in the investigation of the structure of the isomeric product formed in the reaction 
with hydrazine hydrate (Backeberg and Friedmann, this vol., p. 973), in which various 
positions in the chloroquinoline derivative were blocked by methyl groups in order to 
limit the possibilities of isomerisation, it was found that the 3-position is involved in the 
isomeric change, and it is therefore considered that the isomer (II) is 3-anilino-4-amino- 
quinaldine (V); this compound was not, however, prepared by direct synthesis for com- 
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parison. Similarly, the sealed-tube reaction products from 6-methyl-, 5 (or 7)-methyl-, 
8-methyl-, 5: 7-dimethyl-, and 6 : 8-dimethyl-4-chloroquinaldine, as well as 4-chloro- 
quinoline, are to be regarded as the corresponding 3-antlino-4-amino-compounds. 

In the case of 4-chloro-3-methylquinaldine, unlike its behaviour with hydrazine hydrate 
(when a crystalline product was not formed), the 4-phenylhydrazino-compound could be 
obtained, but an isomeric substance was not formed in the sealed-tube reaction, con- 
firming the fact that the 3-position is involved in the transformation of the hydrazino- 
compound (I) into the isomer (II). 

In further support of the structure assigned to it, the isomer (II) was converted by 
the action of acetic anhydride into a compound C,,H,;Ns, which is regarded as 1’-phenyl- 
2 : 2’-dimethylquin(3 : 4 : 5’ : 4')iminazole (VII), probably formed by the elimination of 
water from the unstable intermediate 3-anilino-4-acetamidoquinaldine (VI), as follows : 


NH-COMe N—==CMe 
(v1, NHPh  -#0 NPh (VII) 
Me ; Me 
N N 


The various methyl-substituted 4-chloroquinaldines mentioned, as well as 4-chloro- 
quinoline, were also converted inte the corresponding 4-phenylhydrazino-compounds, being 
isolated in the form of their hydrochlorides; the free bases were so readily oxidised in 
air that they were not as a rule isolated, but the crude hydrochlorides were used for 
oxidation to the 4-benzeneazo-, and reduction to the 4-amino-compounds. In addition, 
the corresponding 4-benzeneazo- and 4-amino-compounds were prepared from 6- and 
8-ethoxy-4-chloroquinaldine; in this connection, 4-chloro-6-ethoxyquinaldine, described 
by Lockhart and Turner and stated to have m. p. 65° (J., 1937, 426), was previously 
described by the author and found to have m. p. 78° (J., 1931, 2816; 1932, 1984). 

Three of the benzeneazo-compounds described, namely, 4-benzeneazo-6-methylquinaldine, 
4-benzeneazo-6-ethoxyquinaldine, and 4-benzeneazoquinoline, appear to exist in two forms. 
The investigation of these compounds is being continued. 


EXPERIMENTAL, 


_ Unless otherwise stated, the following were the experimental conditions employed : 

1. Preparation of 4-Phenylhydrazino-compounds.—2 C.c. of phenylhydrazine (1 mol.) and 
the 4-chloroquinoline derivative (1 mol.) were suspended in 10 c.c. of medicinal paraffin and 
gradually heated to 200°, this temperature being maintained for an hour. A fairly vigorous 
reaction usually commenced at about 160°, and the hydrochloride of the 4-phenylhydrazino- 
compound separated as a bright yellow solid. After cooling, the paraffin was removed by 
filtration, and the solid washed with ether. The yield was almost quantitative. The hydro- 
chlorides were sparingly soluble in hydrochloric acid, but could be crystallised from water, 
and, unlike the free bases, were in most cases stable in air. The bases, which were pale yellow 
solids, crystallised from dilute alcohol or ligroin. Kept in a desiccator, or on drying in an 
oven, they rapidly turned red owing to atmospheric oxidation to the 4-benzeneazo-compound. 
They reduced Fehling’s solution and were decomposed by copper sulphate in acid solution ; 
they reduced platinic chloride and did not form picrates. 

2. Preparation of 4-Benzeneazo-compounds.—The crude 4-phenylhydrazino-hydrochloride 
was dissolved in acetic acid, and a slight excess of solid ferric chloride added; the solution was 
boiled for a short time, diluted with water, made alkaline with ammonia, and filtered. The 
precipitated solid was extracted with alcohol and the azo-compound obtained from the filtrate 
by dilution with water. The azo-compounds crystallised well from dilute alcohol, usually in 
brilliant red crystals, and did not form picrates or platinum salts. They dissolved readily 
in dilute acids. The yield was almost quantitative. 

3. Preparation of 4-Amino-compounds.—The crude 4-phenylhydrazino-hydrochloride (1 g) 
was suspended in concentrated hydrochloric acid, zinc dust added in excess, and the suspension 
gently boiled; addition of a little alcohol reduced frothing and increased the solubility of the 
hydrochloride. After a few minutes the hydrazino-hydrochloride had dissolved; the re- 
duction was continued for a further 5 minutes, and the excess of zinc removed. ‘The hydro- 
chloride of the 4-amino-compound crystallised from the filtrate on cooling; it was filtered off 
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and washed with a little concentrated hydrochloric acid. The free bases, which were stable in 
air, crystallised well from water or dilute alcohol as colourless substances; the yield was 
almost quantitative. For the above reduction the azo-compounds could be used equally well. 

4. Preparation of the Sealed-tube Products—3 G. of the 4-chloroquinoline derivative and 
10 c.c. of phenylhydrazine were heated in a sealed tube at 200° for 5 hours. The product was 
subjected to steam distillation to remove the excess of phenylhydrazine. The solid residue, 
together with any solid obtained from the filtrate after being made alkaline with ammonia, 
was dissolved in dilute hydrochloric acid, the filtered solution treated with ammonia, and the 
precipitate crystallised from dilute alcohol. The colourless product was stable in air, was 
unchanged by copper sulphate in acid solution, and did not reduce Fehling’s solution. It formed 
a well-defined picrate and a platinum salt. The yield was usually about 4 g. 

4-Phenylhydrazinoquinaldine (1).—The hydrochloride formed small yellow needles, m. p. 
284° (decomp.) (Found: Cl, 12-6. C,,H,;N;,HCl requires Cl, 12-4%). The free base, pre- 
cipitated from an aqueous solution of the hydrochloride, crystallised from ligroin in small, 
pale yellow needles, m. p. 188° (Found: N, 16-85. C,,H,;N; requires N, 16-:9%). The com- 
pound did not undergo a benzidine transformation, being recovered unchanged, by heating in 
dilute hydrochloric acid solution on the water-bath for 2 hours. 

4-Benzeneazoquinaldine (III) formed brilliant golden-red plates from dilute alcohol, m. p. 
100° (Found: N, 17-2. C,,H,,N, requires N, 17-0%). 4-Aminoquinaldine was prepared 
as described, m. p. 168° alone, or mixed with an authentic specimen. 

The isomer (II), 1.e., 3-anilino-4-aminoquinaldine (V), f6rmed stout colourless prisms from 
dilute alcohol, m. p. 142° (Found: C, 77-3; H, 6-05; N, 17-0. C,,H,;N; requires C, 77-1; 
H, 6-0; N, 16-9%). The hydrochloride crystallised in colourless needles from dilute hydro- 
chloric acid, m. p. 218° (decomp.) (Found: Cl, 12-6. C,,H,,N;,HCl requires Cl, 12-4%). 
The platinichloride formed golden-yellow needles from alcoholic hydrogen chloride; these 
charred above 300° without previous melting (Found: Pt, 21:2. 2C,,H,,;N;,H,PtCl, requires 
Pt, 21-4%). The picrate had m. p. 186° (decomp.). The base (V) was also formed when 
4-phenylhydrazinoquinaldine (I) was heated in a sealed tube with phenylhydrazine for 5 hours 
at 200°, and the product isolated as described in section 4. 

4-p-A minoanilinoquinaldine (IV).—1 G. of 4-chloroquinaldine and 0-85 g. of p-amino- 
acetanilide were refluxed in acetic acid solution for 2 hours, and the mixture poured into water 
and made alkaline. The yellow gelatinous product was deacetylated by refluxing with dilute 
sulphuric acid for 2 hours. The base crystallised from dilute alcohol in pale yellow plates, m. p. 
173° (Found: N, 16-8. C,,H,;N,; requires N, 16-9%). The picrate had m. p. 204° (decomp.). 

1’-Phenyl-2 : 2'-dimethylquin(3 : 4: 5’ : 4’)iminazole (VII).—An acetic acid solution of the 
isomer (II) was boiled for a few minutes with acetic anhydride. On cooling, a white solid 
separated, which crystallised from alcohol in fine colourless needles, m. p. 124° (Found: N, 
15-35. C,,H,,;N, requires N, 15-4%). It formed a platinichloride, orange-coloured needles, 
which decomposed above 300° without previous melting (Found: Pt, 20-5; i.e., M, 270-3. 
2C,,H,,N3;,H,PtCl, requires Pt, 20-4% ; i.e., M, 273). The filtrate from the iminazole (VII) was 
diluted with water and made alkaline; 3-anilino-4-acetamidoquinaldine (VI), thus precipitated, 
crystallised from dilute alcohol in colourless needles, m. p. 117° (Found: N, 14-25. C,,H,,ON,; 
requires N, 14-4%). The conditions for obtaining this acetyl derivative could not be accurately 
determined, and it was not always obtained in the filtrate from the iminazole. A specimen, 
kept in a corked tube, was found some months later to have changed into the iminazole (VII). 
The iminazole was also formed by refluxing the isomer (II) with acetic acid for 1 hour. 

4-Phenylhydrazino-6-methylquinaldine formed small, pale yellow needles from ligroin, m. p. 
205° (Found: N, 15-9. (C,,H,,N, requires N, 16-0%). 

4-Benzeneazo-6-methylquinaldine appeared to exist in two forms. When first prepared, 
it was obtained from dilute alcohol in fine, red, silky needles, m. p. 104° (Found: N, 16-1. 
C,,H,5N; requires N, 16-1%). From the mother-liquor, large, ruby-coloured, diamond-shaped 
plates separated on standing, m. p. 128° (Found: N, 16-2%). Later attempts to prepare the 
product, m. p. 104°, were unsuccessful and always resulted in formation of the compound, m. p. 
128°. A re-examination of the needles after some months showed that they now had m. p. 128°. 

4-A mino-6-methylquinaldine.—The same product was obtained from the reduction of either 
of the above benzeneazo-compounds, m. p. 104° and 128°. It formed fine colourless needles 
from dilute alcohol, m. p. 205° (Found: N, 16-1, 16-4. C,,;H,,N, requires N, 16-3%). 

3-A nilino-4-amino-6-methylquinaldine crystallised in small colourless plates from dilute 
alcohol, m. p. 100° (Found: N, 16-4. C,,H,,N, requires N, 16-0%). The picrate had m. p. 
215° (decomp.), 
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4-Benzeneazo-5 (or 7)-methylquinaldine formed fine red needles from dilute alcohol, m. p. 
76° (Found: N, 16-0. C,,H,;N, requires N; 16-1%). 

4-A mino-5 (or 7)-methylquinaldine crystallised in small colourless needles from dilute alcohol, 
m. p. 161° (Found: N, 16-0. (C,,H,,N, requires N, 16-3%). 

3-A nilino-4-amino-5 (or 7)-methylquinaldine formed colourless needles from dilute alcohol, 
m. p. 137° (Found: N, 16-1. C,,H,,N, requires N, 160%). The picrate had m. p. 195° 
(decomp.). 

4-Benzeneazo-8-methylquinaldine formed orange-coloured plates from dilute methyl alcohol, 
m. p. 104° (Found: N, 16:1. C,,H,;N, requires N, 16-1%), and 4-amino-8-methylquinaldine, 
large, colourless, hexagonal prisms from water, m. p. 141° (Found: N, 16-15. C,,H,,.N, 
requires N, 16-3%). 

3-A nilino-4-amino-8-methylquinaldine. Small colourless plates from dilute alcohol, m. p. 
101° (Found: N, 16-2. C,,H,,N, requires N, 16-:0%). The picrate had m. p. 197° (decomp.). 

4-Benzeneazo-5 : 7-dimethylquinaldine. Fine red needles from dilute alcohol, m. p. 126° 
(Found: N, 15-4. C,,H,,N; requires N, 15-3%). 

4-Amino-5 : 7-dimethylquinaldine. Small, matted, silky, colourless needles from water, 
m. p. 166° (Found: N, 14-95. C,,H,,N, requires N, 15-05%). 

3-A nilino-4-amino-5 : 7-dimethylquinaldine. Colourless tablets from dilute alcohol, m. p. 
127° (Found: N, 15-0. C,,H,,N,; requires N, 15-15%). The picrate had m. p. 215° (decomp.). 

4-Benzeneazo-6 : 8-dimethylquinaldine. Red needles from dilute alcohol, m. p. 117° (Found : 
N, 15-0. C,,H,,N, requires N, 15-3%). 

4-Amino-6 : 8-dimethylquinaldine. Long cream-coloured needles from dilute alcohol, m. p. 
165° (Found: N, 15-0. C,,H,,N, requires N, 15-05%). 

3-A nilino-4-amino-6 : 8-dimethylquinaldine. Plates from dilute alcohol, m. p. 105° (Found : 
N, 15:3. C,,H,,N; requires N, 15-15%). The picrate had m. p. 216° (decomp.). 

4-Benzeneazo-6-ethoxyquinaldine. Small red needles from ligroin, m. p. 105°; after cooling, 
the m. p. of the solidified melt rose to 109° (Found : N, 14-2. C,,H,,ON; requires N, 14-4%). 

4-A mino-6-ethoxyquinaldine. Colourless plates from dilute alcohol, m. p. 197° (Found : 
N, 13-85. Calc. for C,,H,,ON,: N, 13-99%). Schwabe, Eisleb, and Jensch (D.R.-P. 440,008) 
give m. p. 195°. 

4-Benzeneazo-8-ethoxyquinaldine. Orange-red, fine, silky needles from ligroin, m. p. 117° 
(Found: N, 14-6. C,,H,,ON, requires N, 14-4%). 

4-Amino-8-ethoxyquinaldine. Small colourless needles from dilute alcohol, m. p. 222° 
(Found: N, 13-8. C,,H,,ON, requires N, 13-9%). 

4-Benzeneazoquinoline. Small brick-red needles from dilute methyl alcohol, m. p. 70°; 
after a few days the m. p. was found to be 89° (Found: N, 17-8. C,;H,,N, requires N, 18-0%). 

4-Aminoquinoline, isolated as the picrate, formed yellow needles from alcohol, m. p. 277° 
(Koenigs, Ber., 1907, 40, 651, gives 274°) (Found: N, 18-6. Calc. for C,H,N,,CgH,O,N; 
requires N, 18-8%). 

3-A nilino-4-aminoquinoline. Shining plates from dilute alcohol, m. p. 134° (Found: N, 
17-85. C,,;H,,N, requires N, 17-85%). The picrate had m. p. 218° (decomp.). 

Reactions of 4-Chloro-3-methylquinaldine—When this chloro-compound was heated with 
an equivalent of phenylhydrazine as described in section 1, the hydrochloride of 4-pheny]l- 
hydrazino-3-methylquinaldine, which turned gummy if left exposed to the air owing to oxidation, 
was obtained; from it the corresponding 4-benzeneazo- and 4-amino-compounds were ob- 
tained. When, however, the reactants were heated together in a sealed tube as described in 
section 4, an explosion resulted, and repeated attempts to obtain a product were unsuccessful. 
Accordingly, 2 g. of the phenylhydrazino-hydrochloride mentioned above were heated with 
6 c.c. of phenylhydrazine in a sealed tube at 200° for 5 hours; when the tube was opened, 
considerable pressure was noticed and a strong odour of ammonia was detected. The product 
was subjected to steam distillation to remove the excess of phenylhydrazine, but nothing 
crystalline was obtained from the gummy residue. 

4-Benzeneazo-3-methylquinaldine formed dark red needles from dilute alcohol, m. p. 133° 
(Found: N, 16-25. C,,H,;N, requires N, 16-1%), and 4-amino-3-methylquinaldine, colourless 
needles from water, m. p. 189° (Found: N, 16-1. C,,H,,N, requires N, 16-3%). 


The author thanks Prof. H. Stephen for his interest in the investigation, and Mr. C. A. 
Friedmann, M.Sc., for assistance with some of the experimental work. 
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209. The Preparation of 2:3-Anhydro-, 3:4-Anhydro-, and 3: 6- 
Anhydro-methylhexosides from 3-p-Toluenesulphonyl Methylglucoside. 
By S. Peat and L. F. WIccINs. 


The removal by mild alkaline hydrolysis of the ~-toluenesulphonyl group from 
3-p-toluenesulphonyl $-methylglucoside yields a mixture of three anhydro-f-methyl- 
hexosides, namely, 3: 6-anhydro-$-methylglucoside, 2 : 3-anhydro-8§-methylalloside, 
and 3: 4-anhydro-8-methylalloside. The separation and _ characterisation of 
derivatives of these substances are described and reasons are adduced for assigning an 
allose configuration to the last two, the formation of which involves a Walden 
inversion on C,;. Anhydro-ring formation is not an invariable accompaniment of the 
alkaline hydrolysis of a sugar p-toluenesulphonate, for 3-p-toluenesulphonyl glucose 
monoacetone is hydrolysed by alkali without either anhydro-ring formation or Walden 
inversion. Walden inversion without anhydro-ring formation has not been observed. 

Dimethyl 3: 4-anhydro-f-methylalloside, when boiled with sodium methoxide 
solution, gives a mixture of 2 : 3 : 6-trimethyl 68-methylglucoside and 2 : 4: 6-trimethyl 
6-methylguloside, an indication that the anhydro-ring is opened in both of the possible 
directions and that in each case Walden inversion occurs. The anhydro-ring is opened 
also by acid hydrolysis. By the action of hydrochloric acid on dimethyl 2 : 3-anhydro- 
a-methylalloside and on dimethyl 3: 4-anhydro-$-methylalloside there are formed 
dimethyl chlorohexose and dimethyl chloro-8-methylhexoside respectively, the latter 


being produced in the cold. 
The stability of the 3 : 6-anhydro-ring to either acid or alkali is demonstrated and 


comment is made upon the steric effect of this ring system. 


IN an earlier communication (Haworth, Hirst, and Panizzon, J., 1934, 154) it was shown 
that the alkaline hydrolysis of 2-p-toluenesulphonyl 6-methylglucoside resulted in the 
formation of an anhydro-6-methylhexoside, which was isolated as the crystalline dimethyl 
derivative. It has now been shown that the hydrolysis of 3-f-toluenesulphonyl «- or 
8-methylglucoside by sodium methoxide under mild conditions gives rise to a mixture of 
three anhydromethylhexosides, which have been separated and [when prepared from the 
8-glucoside (I)] recognised as 2 : 3-anhydro-f-methylalloside (II), 3 : 4-anhydro-8-methyl- 
alloside (III), and 3 : 6-anhydro-8-methylglucoside (IV). 
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In methylglucoside the only free hydroxyl which is situated in the cis-position with 
respect to the hydroxyl at C;, is that at C, and it is proved that an oxygen bridge is estab- 
lished between these two carbon atoms in 3 : 6-anhydro-8-methylglucoside (IV) when the 
3-p-toluenesulphonyl 6-methylglucoside is hydrolysed. A Walden inversion at C;, at the 
instant of removal of the toluenesulphonyl residue, would allow of the formation of two 
other anhydro-compounds, for the hydroxyl on C,; would then be in the cis-position with 
respect to the hydroxyl groups at C, and C,. Two such anhydro-compounds (II and ITI) 
do in fact accompany the 3 : 6-anhydro-substance (IV). 

The isolatidn of the 3: 6-anhydromethylglucoside is a clear indication that, in the 
sugar series, the removal by hydrolysis of a #-toluenesulphonyl group is not necessarily 
accompanied by a Walden inversion. When Walden inversion is observed, however, 
under these conditions, it is invariably accompanied by anhydro-ring formation. Thus, 
the #-toluenesulphonyl group is removed by alkaline hydrolysis from 3-p-toluenesulphonyl 
diacetone glucose and from 4-f-toluenesulphonyl 6-triphenylmethyl 2: 3-dimethyl «- 
methylglucoside without Walden inversion (Oldham and Robertson, J., 1935, 685) and in 
each of these compounds anhydro-ring formation is not possible. We have observed, how- 
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ever, the interesting fact that the removal of the #-toluenesulphonyl group from a 
derivative of glucose in the furanose form may take place without Walden inversion or 
anhydro-ring formation even when appropriately placed hydroxyl groups are available for 
the latter purpose. For example, the treatment of 3-f-toluenesulphonyl glucofuranose 
monoacetone (V, prepared by the method of Ohle and Dickhauser, Ber., 1925, 58, 2593) or 
of its diacetyl derivative with cold sodium methoxide solution yields a mixture of com- 
pound (V) unchanged and glucofuranose monoacetone (30%). 
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That Walden inversion accompanies the hydrolysis of many #-toluenesulphonates of 
optically active monohydric alcohols is evident from the work of Kenyon, Phillips, and their 
collaborators (see, for instance, J., 1935, 1072). The method of these authors is not, how- 
ever, applicable to sugar toluenesulphonates. 3-f-Toluenesulphonyl glucose diacetone 
(VI) was treated with potassium acetate in alcohol under various conditions of temperature 
and pressure, but in every case the toluenesulphonate was recovered unchanged. 

The starting material in this research was 3-p-toluenesulphonyl glucose diacetone (VI), 
which, by boiling with methyl-alcoholic hydrogen chloride, was converted into a syrupy 
mixture of the «- and the @-form of 3-f-toluenesulphonyl methylglucoside. After acetyl- 
ation of the mixture it was possible to separate by fractional crystallisation the «- and the 
8-form of the triacetyl derivative. The 3-f-toluenesulphony]l triacetyl @-methylglucoside 
(identical with that of Freudenberg and Ivers, Ber., 1922, 55, 929) gave, on treatment with 
cold sodium methoxide, a mixture of anhydro-$-methylhexosides, the separation of which 
was achieved by the following procedure. The mixture was condensed with benzaldehyde 
in the presence of phosphoric oxide and crystalline 4 : 6-benzylidene 2 : 3-anhydro-B-methyl- 
alloside (XVII) was separated from the product. An aqueous extract of the residue after 
evaporation to dryness was methylated with methyl iodide and silver oxide to yield a 
mixture of dimethyl anhydromethylhexosides, from which, after distillation, there 
crystallised 2 : 6-dimethyl 3 : 4-anhydro-8-methylalloside (m. p. 46°) (VII). The remaining 
syrup contained dimethyl 3 : 6-anhydro-8-methylglucoside, since it gave dimethyl 3: 6- 
anhydroglucose on hydrolysis with cold aqueous acid. The sugar was characterised as the 
anilide, m. p. 96°, which did not depress the melting point of 2 : 4-dimethyl 3 : 6-anhydro- 
glucose anilide. The latter substance was prepared from 3: 6-anhydroglucose mono- 
acetone (Haworth and Smith, unpublished result). Further, on oxidation with bromine 
water the anhydro-sugar gave 2 : 4-dimethyl 3 : 6-anhydrogluconolactone, characterised as 
the crystalline amide of the corresponding acid, m. p. 91—92°. The gluconolactone in - 
aqueous solution was hydrolysed slowly and incompletely ([«]p + 90-9° —> + 64-2° in 180 
hours) and in this this respect simulated a y-lactone. Nevertheless, the lactone must 
belong to the 8-series, since it is prepared from 3--toluenesulphonyl triacetyl 6-methyl- 
glucopyranoside (the pyranose structure of this glucoside is established by a method 
described below) by a series of steps which precludes any possibility of the formation of a 
five-membered lactone ring or of any ring other than the six-membered ring present in the 
original glucoside. The appearance in this lactone of properties usually attributed to 
y-lactones is to be ascribed to the steric effect of the 3 : 6-oxygen bridge. It is interesting 
to observe also that dimethyl] 3 : 6-anhydro-§-methylglucopyranoside is easily hydrolysed 
by cold acid, in this respect behaving as a furanoside. 

The constitution of 2 : 6-dimethyl 3 : 4-anhydro-$-methylalloside (VII) was established 
by a study of the products of its hydrolysis by alkali. Treatment of the anhydro-compound 
(VII) with boiling sodium methoxide solution gave a syrup, from which 2: 3 : 6-trimethyl 
8-methylglucoside (VIII) crystallised. It was not found possible to separate completely 
the trimethyl methylglucoside, and the remaining syrup contained a little of this product. 
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However, the main constituent of this syrup was a trimethyl 6-methylhexoside, which was 
considered on stereochemical grounds to be 2 : 4 : 6-trimethyl 6-methyl-d-guloside and this 
view was confirmed by subsequent reactions. 
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The trimethyl methylguloside (IX) on hydrolysis and oxidation with bromine water yields 
a lactone (X), which undergoes the rapid hydrolysis in aqueous solution characteristic of 
8-lactones. Strong presumptive evidence is thereby provided that a methoxyl group is 
situated at C,. Methylation of the trimethyl methylhexoside and hydrolysis of the product 
yields a tetramethyl hexose (XI), which is oxidised by bromine water to a 8-lactone (XII). 
This is proved by the evidence of degradative oxidation given below, thus confirming the 
pyranose structure of the trimethyl methylhexoside and, therefore, of the 3-p-toluene- 
sulphonyl triacetyl $-methylglucoside from which it was derived. The tetramethyl 
3-hexonolactone (XII) is shown to have the d-gulose configuration by the fact that on oxid- 
ation with nitric acid there are formed J/-arabotrimethoxyglutaric acid (XIII) and 
i-dimethoxysuccinic acid (XIV). These acids were isolated and characterised as the 
methylamides. It has been pointed out that it was not possible to separate completely 
the trimethyl methylglucoside from the trimethyl methylguloside. Owing to the presence 
of a small amount of the former in the latter, the acids (XIII) and (XIV) were accompanied 
by 7-xylotrimethoxyglutaric acid. The presence of this acid does not, however, invalidate 
the argument, since the acids (XIII) and (XIV) obtained together could be derived only 
from a methylated d-gulose. 

Since the hydrolysis of the dimethyl anhydro-$-methylhexoside (m. p. 46°) with sodium 
methoxide results in the simultaneous production of a glucose derivative substituted with 
methoxyl at C, and a gulose derivative substituted at C,, it is clear that the anhydro- 
bridge is formed between C, and C, and that the two methoxyl groups are situated at C, 
and C,. It has been shown that the glucose product is 2 : 3 : 6-trimethyl 6-methylglucoside 
(confirmed by the preparation from it of 2 : 3 : 6-trimethyl glucose, m. p. 114°, of tetramethyl 
8-methylglucopyranoside, m. p. 40°, and of tetramethyl glucopyranose, m. p. 91°) and it 
follows that the gulose derivative is 2:4: 6-trimethyl @-methylgulopyranoside. The 
reaction is most simply explained on the supposition that the anhydro-hexoside has the 
d-allose configuration (VII). It is seen then that the opening of the anhydro-ring takes 
place in two directions and that each is accompanied by a Walden inversion. This is clearly 
so inasmuch as a trimethoxyglutaric acid is isolated from the nitric acid oxidation and this 
is shown to be /-arabotrimethoxyglutaric acid in which two methoxyl groups appear on 
opposite sides to those in i-trimethoxyglutaric acid, the normal oxidation product of 
methylated glucopyranose. It is further to be observed that the methoxyl group of the 
sodium methoxide becomes attached to the carbon atom in the sugar chain at which 
Walden inversion occurs. Miiller (Ber., 1934, 67, 421; 1935, 68, 1094), from a 4-p- 
toluenesulphony] derivative of glucose, prepared a 2 : 6-dimethyl 3 : 4-anhydro-8-methyl- 
hexoside (m. p. 84°) which has different properties from the @-methylalloside described 
here. It appears very likely, therefore, that Miiller’s compound has the d-galactose 


configuration. 
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The fact that one of the anhydro-§-methylhexosides, produced by the mild alkaline 
hydrolysis of 3-p-toluenesulphonyl $-methylglucopyranoside, condenses with benzaldehyde 
is sufficient indication that in this methylhexopyranoside the hydroxyls at C, and C, are 
not involved in the anhydro-ring, which must therefore bridge C, and C3. This view is 
confirmed in that 4 : 6-benzylidene 2 : 3-anhydro-«-methylalloside (m. p. 198°) and 4 : 6- 
dimethyl 2 : 3-anhydro-«-methylalloside (m. p. 63°) are prepared by the appropriate 
treatment of the anhydromethylhexosides formed when the syrupy mixture of the «- 
and the 6-form of 3-f-toluenesulphonyl methylglucoside is hydrolysed with sodium 
methoxide. The former of these compounds is apparently identical with that of 
Robertson and Griffith (J., 1935, 1197) and the latter with that prepared by Mathers and 
Robertson (J., 1933, 1076). Again, as the simplest stereochemical expression, the d-allose 
configuration is adopted for the 2: 3-anhydromethylhexoside. In addition to the two 
derivatives mentioned, 4 : 6-ethylidene 2 : 3-anhydro-«-methylalloside (m. p. 128°) was 
isolated when the anhydromethylhexoside mixture was treated with paraldehyde. 

It was found possible to remove the benzaldehyde residue from 4 : 6-benzylidene 
2 : 3-anhydro-f$-methylalloside, without disturbing the anhydro-bridge, by reduction 
with hydrogen in the presence of palladium. The product, 2 : 3-anhydro-B-methylalloside 
(m. p. 60—62°), gave 4 : 6-dimethyl 2: 3-anhydro-3-methylalloside (m. p. 50°) when treated 
with Purdie’s reagents. The latter compound is not identical with the dimethyl anhydro- 
§-methylhexoside (m. p. 69°) of Haworth, Hirst, and Panizzon and since the latter sub- 
stance has been shown to be likewise a 2 : 3-anhydro-derivative (unpublished work), it 
must necessarily have the d-mannose configuration (XV). The non-identity of the two 
2 : 3-anhydro-$-methylhexosides was confirmed by a comparison of their benzaldehyde 
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derivatives. Treatment of the syrupy 2: 3-anhydro-$-methylmannoside (prepared by 
the method of Haworth, Hirst, and Panizzon) with benzaldehyde yielded crystalline 
4 : 6-benzylidene 2 : 3-anhydro-8-methylmannoside (XVI), m. p. 183°. The melting point 
of this product was depressed by 4 : 6-benzylidene 2 : 3-anhydro-§-methylalloside (XVII). 

Some interesting differences were observed in the rates of hydrolysis of the three 
anhydromethylhexosides prepared, as described above, from 3-p-toluenesulphonyl methyl- 
glucoside. The 3: 6-anhydro-ring is not disrupted by either boiling 6% hydrochloric 
acid or boiling 2-5N-aqueous-alcoholic potassium hydroxide. By the latter reagent, 
4 : 6-benzylidene 2 : 3-anhydro-8-methylalloside is hydrolysed with the production of a 
benzylidene 6-methylhexoside (m. p. 188°) which, by analogy, is probably 4 : 6-benzylidene 
8-methylaltroside. No hydrolysis of 4 : 6-dimethyl 2 : 3-anhydro-a-methylalloside occurred 
when it was treated with 5% hydrochloric acid in the cold, but on heating, the glycosidic 
methyl group was removed and the anhydro-ring opened. The syrupy product analysed as 
a dimethyl chlorohexose. On the other hand, hydrolysis of 2 : 6-dimethyl 3 : 4-anhydro- 
8-methylalloside proceeds in the cold with the same acid reagent. The anhydro-ring is 
opened and a chlorine atom is introduced. No hydrolysis of the glycosidic methyl group 
occurs at this temperature and the product is non-reducing. The dimethyl chloro- 
methylhexoside is not crystalline, nor is the monoacetyl derivative prepared from it. 
Miiller (/oc. cit.) has shown that the anhydro-ring is opened and chlorine similarly introduced 
into the molecule when dimethyl 3 : 4-anhydro-§-methylgalactoside is boiled with n- 
hydrochloric acid. The product, a dimethyl chlorohexose, is crystalline. Robertson 
and Dunlop (this vol., p. 472) describe the preparation of two a-methylhexoside chloro- 
hydrins by the action of hydrochloric acid in acetone solution on 4 : 6-benzylidene 2 : 3- 
anhydro-a-methylalloside. 
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EXPERIMENTAL. 


Preparation of 3-p-Toluenesulphonyl Triacetyl ®-Methylglucoside.—3-p-Toluenesulphonyl 
diacetone glucose (90 g.; prepared by the method of Freudenberg and Ivers, Ber., 1922, 55, 929) 
was boiled with 2% methyl-alcoholic hydrogen chloride until there was no further change in 
the optical rotation. After neutralisation with silver carbonate, the solution was evaporated 
under diminished pressure. The residual syrup was freed from colloidal silver and a small 
amount of silver p-toluenesulphonate by repeated solution and filtration, first in methyl alcohol 
and then in chloroform. There was thus obtained, as a viscid clear syrup, a mixture of the 
a- and the @-form of 3-p-toluenesulphonyl methyiglucoside. Yield, 80 g. (90% of the 
theoretical). The rotation of different batches varied between [a]p + 30° and + 40° in methyl 
alcohol. : 

Acetylation of this product was accomplished by using either (a) acetic anhydride and 
pyridine at 36° or (b) fused sodium acetate and acetic anhydride at a higher temperature. The 
second method was usually preferred. The acetylated product from 3-p-toluenesulphonyl 
methylglucoside (34 g.) was a thick syrup which partly crystallised on keeping in contact 
with ether. By extraction with ether, the acetate was separated into two fractions: a 
crystalline material (A) and a’syrup (B). The substance (A), crystallised repeatedly from 
methyl alcohol, was 3-p-toluenesulphonyl 2: 4: 6-triacetyl B-methylglucoside, m. p. 138°, 
[a}i#" — 19-5° in chloroform (Freudenbergyand Ivers give m. p. 138°, [«]#" — 17-0° in acetylene 
tetrachloride, for the same compound, prepared, however, in a different way) (Found: C, 50-5; 
H, 5-6. Calc. for CygH,,0,,;5: C, 50-6; H, 5-55%). Yield, 8 g. (25% of the theoretical). 

The syrup (B) crystallised after being kept in contact with ether for several weeks. It was 
recrystallised repeatedly from methyl alcohol and proved to be 3-p-toluenesulphonyl 2: 4: 6- 
triacetyl a-methylglucoside, m. p. 97°, [a]}” +87-1° in chloroform (Found: C, 50-7; H, 5-6%). 
Yield, 10 g. (30% of the theoretical). 

The Alkaline Hydrolysis of 3-p-Toluenesulphonyl Triacetyl ®-Methylglucoside——The 6- 
methylglucoside (m. p. 138°, 8-8 g.) was dissolved in chloroform (40 c.c.), mixed with a 5% 
solution of sodium in methyl alcohol (35 c.c.), and kept for 24 hours at room temperature. 
After filtration from the precipitated sodium salts, the chloroform—methy] alcohol solution was 
repeatedly extracted with water. The united aqueous extract, made neutral to phenol- 
phthalein with n-sulphuric acid, was evaporated to dryness at 40° in the presence of a little barium 
carbonate and the dry residue was extracted with boiling ethyl acetate. Distillation of the 
ethyl acetate left a colourless viscid syrup, [«]>” —82° in ethyl acetate, which later examination 
showed to be a mixture of anhydro-$-methylhexosides. Yield, 2-76 g. (86% of the theoretical). 
This anhydro-$-methylhexoside mixture was prepared as required and individual samples 
showed [a]p varying between — 80° and — 90°. 

Separation of the Anhydro-B-methylhexoside Mixture into its Constituents——The anhydro-§- 
methylhexoside mixture (4-6 g.), dissolved in dry chloroform (40 c.c.), was treated with 
phosphoric oxide (5 g.) and freshly distilled benzaldehyde (5 c.c.), and the mixture kept over- 
night at room temperature. The phosphorus residues were then removed by filtration, and the 
chloroform solution extracted six times with water (total, 61.). It was difficult to effect com- 
plete separation of the water and chloroform and, in consequence, the former contained a little 
of the chloroform solution. The aqueous extract was evaporated to dryness in the presence 
of barium carbonate and the residue was repeatedly extracted with ethyl acetate. This ethyl 
acetate extract, on evaporation, gave a colourless syrup, referred to as (C). Yield, 2-6g. [a]i®° 
—91-4° in ethyl acetate (Found: OMe, 18-7%). 

The chloroform solution, after being dried with anhydrous magnesium sulphate, was also 
evaporated in the presence of barium carbonate, and the gummy residue submitted to steam- 
distillation to remove benzaldehyde (a control experiment established that 4 : 6-benzylidene 
2 : 3-anhydro-«-methylalloside was not hydrolysed when steam-distilled). Thereafter the 
water was distilled, and the dry residue purified by solution in chloroform, filtration, and removal 
of the solvent under diminished pressure. The product was a crystalline solid (2:15 g.). After 
recrystallisation from methyl alcohol it showed m. p. 138° and [«] }”—15-6° in chloroform. It 
was 4: 6-benzylidene 2: 3-anhydro-B-methylalloside (Found: C, 63-7; H, 6-1; OMe, 11-8. 
C,,H,,O0, requires C, 63-6; H, 6-1; OMe, 11-8%). 

Methylation of the Non-crystalline Anhydro-B-methylhexoside (C).—The syrup (C) (2°6 g.) 
was given three treatments with methyl iodide and silver oxide, and the product distilled at 
92—100° (bath temp.)/0-02 mm. Yield of distillate, 1-43 g.; residue, 0-7 g. (probably 
benzylidene compound). The distillate, a colourless mobile oil, n}f” 1-4544, partly crystallised 
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on keeping at 0°. It was possible by spreading the mixture on a porous tile to separate the 
crystalline constituent, which formed long needles (0-7 g.) from dry ether-—light petroleum. 
This product had m. p. 46°, [a]#" — 144-5° in chloroform, and was shown later to be 2 : 6-di- 
methyl 3 : 4-anhydro-B-methylalloside (Found : C, 53-0; H, 7-9; OMe, 45-4. C,H,,O0; requires C, 
52-9; H, 7°85; OMe, 45-7%). By extraction of the porous tile with chloroform, the syrupy 
constituent was recovered; it was purified by distillation in a high vacuum (yield, 0-4 g.). This 
product will be referred to as substance D. 

Alkaline Hydrolysis of 2:6-Dimethyl 3: 4-Anhydro-B-methylalloside——Dimethyl 3: 4- 
anhydro-$-methylalloside (1-05 g.) was heated at 95° for 20 hours with methyl alcohol (35 c.c.) 
containing 5% of sodium. Thereafter, the solution was diluted with water and exhaustively 
extracted with chloroform. Distillation of the chloroform from the dried extract gave a viscous 
syrup, which distilled at 110° (bath temp.)/0-01 mm. The distillate (1-05 g.), nj” 1-4554, 
crystallised on keeping at 0° and was recrystallised from dry ether-—light petroleum. The 
crystalline product (0-65 g.) had m. p. 59—60° and [a]}” —48-0° in chloroform and [«]}/° —33-4° 
in water (c, 1-45). Analysis showed it to be a trimethyl methylgiucoside (Found: C, 51-05; H, 
8-7; OMe, 51-4. C, 9H,.O, requires C, 50-9; H, 8:5; OMe, 52-5%). 

From the mother-liquors, after the recrystallisation of the trimethyl B-methylglucoside, was 
isolated a syrup (0-3 g.), which also was a trimethyl 6-methylhexoside (Found : OMe, 52-5%). 
It is examined below as substance E. 

Determination of the Structure of the Crystalline Trimethyl B-Methylglucoside.—Methylation. 
The trimethyl 6-methylglucoside (2-33 g.) was methylated by three treatments with Purdie’s 
reagents and the product, isolated in the usual manner, was distilled at 95—100° (bath temp.) / 
0-035 mm. Yield,- 2-32 g. (undistillable residue, 0-06 g.); nj 1-4410. On cooling, the distillate 
crystallised completely. It separated from dry light petroleum in fine needles, m. p. 38—39°, 
[a]p —18-0° in water (c, 2-72). In admixture with authentic tetramethyl 6-methylglucopyranoside 
(m. p. 40°, [«]p — 17-5° in water) there was no depression of m. p. 

The tetramethyl 6-methylglucopyranoside, m. p. 38—39° (0-73 g.) was heated at 95° with 
6% hydrochloric acid until no further change in the rotation occurred ([«]}** —24-6-—>» + 65-2° in 
9 hours). The solution was neutralised with lead carbonate and evaporated to dryness; the 
product, extracted with chloroform, crystallised completely on removal of the solvent. Yield, 
0-65 g. (97% of the theoretical). The product separated from dry light petroleum in feathery 
crystals, m. p. 91° alone and in admixture with authentic tetramethyl «-d-glucopyranose ; 
[x}}8° + 99-0° —-> + 83-2° in water (c, 1-2). 

Hydrolysis. The physical constants of the crystalline trimethyl B-methylglucoside are in 
agreement with its being 2:3: 6-trimethyl #-methylglucoside. This was confirmed by 
hydrolysis with hot 6% hydrochloric acid. During the hydrolysis the rotation changed from 
[a]p —32-9° to +65-8° (constant value in 7 hours) and 2: 3 : 6-trimethyl glucose (m. p. 114—115° 
alone or in admixture with an authentic specimen; [«]}”° + 86-2 ——> + 69-2° in water) was 
isolated in good yield. Oxidation of the trimethyl glucose with bromine water gave 2: 3: 6- 
trimethyl gluconic acid, which mutarotated in water: [a]p + 325° (15 mins.); + 35-5° (19 
hrs.); -+ 37-7° (61 hrs.); -+ 38-4° (75 hrs.) constant value. The corresponding 2: 3: 6-tri- 
methyl gluconolactone showed [«]}”* + 54-0° ($ hr.); + 46-5° (21 hrs.); + 45-0° (76 hrs.) ; 
+ 38-8° (240 hrs.) in water. 

Determination of the Structure of the Non-crystalline Trimethyl B-Methylhexoside (E).—The 
syrup (E), collected from several preparations, had nj” 1-4575 and [«]}f° — 73-1° in chloroform 
(c, 1:09). It was obvious from its method of preparation that this trimethyl B-methylhexoside 
would contain at least a little 2 : 3 : 6-trimethyl 8-methylglucoside. 

Methylation. The syrup (E) (1-16 g.) was methylated by three treatments with methyl 
iodide and silver oxide. The product, tetramethyl B-methylhexoside, distilled at 85—90° 
(bath temp.) /0-01 mm.; it had m}§* 1-4452 and [a]}° — 69-0° in chloroform (c, 1-25); yield, 
1-08 g. (Found: OMe, 61-6. C,,H..O, requires OMe, 62-0%). 

The liquid tetramethyl 8-methylhexoside (0-95 g.) was hydrolysed with hot 6% hydrochloric 
acid, and the tetramethyl hexose isolated in the usual way (yield, 97%). It was non- 
crystalline and had n° 1-4582 and [a]}* + 8-25° in water (c, 1-454). 

The tetramethyl] hexose (0-87 g.) was treated in aqueous solution (3 c.c.) with bromine (1-6 
c.c.) and kept at room temperature until the solution was non-reducing to Fehling’s solution. 
Thereafter the solution was aerated and neutralised with lead carbonate, the lead removed with 
hydrogen sulphide, and the bromine ion with silver carbonate. The solution was evaporated, 
and the product extracted with chloroform. It was a viscid liquid distilling at 110—115° 
(bath temp.) /0-015 mm., mp 1-4628, and was not quite pure tetramethyl hexonolactone (Found : 














1094 Peat and Wiggins: The Preparation of 2 : 3-Anhydro-, 


OMe, 51-2. C,)H,,0, requires OMe, 53-0%). Attempts to prepare a crystalline pheny]l- 
hydrazide and a crystalline amide from the lactone were without success. It behaved as a 
§-lactone in aqueous solution: [«]}* + 64-6° (5 mins.); + 39-5° (5 hrs.); + 25-1° (23 hrs.) ; 
+ 22-0° (32 hrs.) constant value (c, 3-19). 

Oxidation of the Tetramethyl 8-Hexonolactone with Nitric Acid.—The procedure adopted was 
that described in previous publications from this laboratory. The lactone (0-85 g.) yielded, 
on treatment with nitric acid (d 1-4; 7 c.c.) at 90°, an acid syrup, which was esterified by 
heating at 80° with 2% methyl-alcoholic hydrogen chloride for 7 hours. The product was a 
neutral oil (0-52 g.), which was distilled at 110—130° (bath temp.) /0-02 mm. as follows : 








Fraction. Weight (g.). ” o% OMe. 
l 0-15 1-4352—1-4365 61-8 
2 0-143 1-4367—-1-4383 60-8 
3 0-08 1-4395 51-6 

Residue 0-11 — 43-0 


The fractions were separately dissolved in dry methyl alcohol, mixed with a solution of 
methylamine in methyl alcohol, and kept at room temperature for 24 hours. Thereafter the 
solvent was removed from each by evaporation in a vacuum desiccator; the methylamides then 
crystallised. By a systematic fractional crystallisation from ethyl acetate-ether, there were 
obtained from fraction 1, i-dimethoxysuccinomethylamide (m. p. 208°, alone or in admixture 
with an authentic specimen; optically inactive) (Found: C, 47-45; H, 8-1; N, 13-9. Calc. 
for CgH,,0,N,: C, 47:1; H, 7:8; N, 13-7%) and /-trimethoxyaraboglutaromethylamide 
(m. p. 171°, alone or in admixture with an authentic specimen; [a]}*° + 57-5°) (Found :. C, 
48-2; H, 8-1; N, 11-8. Calc. for C,)H,O;N,: C, 48-4; H, 8-1; N, 11-3%). Fraction 2 gave 
a further quantity of i-dimethoxysuccinomethylamide and i-trimethoxyxyloglutaromethylamide 
m. p. 166°; optically inactive (Found: C, 48-4; H, 7-9; N, 11-4; OMe, 37-0%). 

A Comparison of 2:3: 6-Trimethyl B-Methylglucoside and the Trimethyl B-Methylhexoside 
(E).—The previous experiments indicate that the syrup E is trimethyl $-methylguloside 
containing 2: 3: 6-trimethyl 6-methylglucoside. 

Hydrolysis with 6% hydrochloric acid. 





15°, Time to 
‘ lal . reach final 
Initial. Final. value. 
2:3: 6-Trimethyl B-methylglucoside ............ — 32-9° + 65-8° 7 hrs. 
SIE T. wastincceunkdsiacsindineenisantesiddinneiiies — 64:3 + 3-2 ee 


The optical rotations of the trimethyl lactones in water. The sugar obtained by the hydrolysis 
of substance (E), which showed [a]}° + 4-5 in water (c, 1-32), was oxidised with bromine water, 
1 


and the trimethyl lactone isolated in the usual way. It was a syrup, np” 1-4673, and had OMe, 
414%. A crystalline amide could not be prepared from it. , 


[aly after 





¢ 


c. $hr. 24hrs. 68hrs. 92hrs. 165 hrs. 240 hrs. 310 hrs. 
2:3: 6-Trimethyl gluconolactone 2-71 -+54° +46°5° +45-4° +43-5° +40-6° +38-8° +38-8° 
The lactone from substance (E) 2:09 +626 +363 +32-:9 +32-9 -- -- oo 


It is evident from these figures that the trimethyl lactone from substance (E) is for the 
greater part a 8-lactone. It is reasonable to assume, therefore, that a methoxy-group is 
situated at C, in the principal constituent of (E), which is thus shown to be 2: 4: 6-irimethyl 
6-methyl-d-gulopyranoside, and (E) is a mixture of this hexoside with a small amount of 
2:3: 6-trimethyl 6-methylglucoside. 

Examination of the Dimethyl Anhydro-B-methylhexoside (D).—The syrup (D) remaining after 
the separation. of crystalline dimethyl 3 : 4-anhydro-8-methylhexoside was given two further 
treatments with methyl iodide and silver oxide and thereafter distilled at 0-01 mm. The 
distillate showed nly" 1-4558, [«]}7° — 72-1° in chloroform (c, 1-14) (Found: OMe, 46-7%). 

Purification. The substance (D) (1:55 g.) was heated at 95° for 100 hours with a 5% 
solution of sodium in methyl alcohol (20 c.c.), and the product isolated in the usual way. Yield, 
1-43 g. The methoxyl content (48-3%) of the product suggests that it is a mixture of trimethyl 
methylhexoside (OMe, 52-5%) and unchanged dimethyl anhydromethylhexoside (OMe, 45-7%). 
A partial separation was achieved by fractional distillation from a Widmer flask and a small 
amount of 2:3: 6-trimethyl $-methylgiucoside was removed. The residue was acetylated 
(with acetic anhydride and sodium acetate), and the product (0-62 g.) again distilled. A residue 
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(0-1 g.) remained and was presumably trimethyl methylhexoside acetate. The distillate (0-47 
g.) had n}8* 1-4552, [a]}®° — 1-68° in chloroform (c, 2-37). It is shown below that this substance 
consists in the main of 2: 4-dimethyl 3°: 6-anhydro-B-methylglucoside. 

This anhydro-substance, unlike the methylated 2:3- and 3: 4-anhydrohexosides, was 
stable to alkali, being recovered unchanged after boiling for 8 hours with 2-5Nn-potassium 
hydroxide in aqueous alcohol (75%). The 3: 6-anhydro-ring, moreover, was stable to boiling 
6% methyl-alcoholic hydrogen chloride, although there was an inversion of the glucosidic 
methoxyl (8 to «) with this reagent in the cold. 

Hydrolysis with aqueous acid. The 3: 6-anhydro-ring was also stable to the action of boiling 
6% hydrochloric acid, but the glycosidic methyl group was removed by cold aqueous acid. 
The purified dimethyl anhydro-$-methylglucoside was dissolved in 6% hydrochloric acid (c, 
1-81), and the rotation changes observed : [a]}*° — 1-1°-——> + 61-9° in 300 hours. The product, 
a viscid reducing syrup, was dimethyl anhydroglucose (Found: OMe, 31-4. C,H,,0,; requires 
OMe, 31-0%). 

2:4-Dimethyl 3: 6-Anhydroglucose Anilide.—Dimethyl anhydrohexose (0-13 g.) in ethyl 
alcohol (1-0 c.c.) was heated at 95° for 2 hours with aniline (0-07 g., a slight excess) in alcohol 
(1-0 c.c.). Removal of the solvent left a red syrup, which crystallised on nucleation. After 
recrystallisation the product, 2: 4-dimethyl 3 : 6-anhydroglucose anilide melted at 96°, alone 
or in admixture with an authentic specimen. Yield, 0-1 g. 

2:4-Dimethyl 3 : 6-anhydrogluconolactone was prepared by the oxidation of the dimethyl 
anhydroglucose with bromine water in the cold. The product, isolated in the usual way, 
distilled at 105—115° (bath temp.) /0-015 mm. as a syrup, non-reducing, n}j° 1-4669, [a] in water 
(c, 1-50) + 90-9 ——> + 64-2° in 180 hours (Found : OMe, 32-8. C,H,,0, requires OMe, 33-0%). 

2:4-Dimethyl 3: 6-Anhydrogluconamide.—The lactone (0-16 g.) was dissolved in liquid 
ammonia (20 c.c.), and the solution kept in a Dewar flask for 8 hours. Thereafter the solution 
was poured out, and the ammonia allowed to evaporate. The residue, recrystallised from 
ether-light petroleum, had m. p. 91—92° (Found: C, 47-0; H, 7:2; N, 7:2; OMe, 31-3. 
C,H,,0,N requires C, 46-8; H, 7-3; N, 6-8; OMe, 30-3%). 

4:6-Dimethyl 2: 3-Anhydro-a-methylalloside.—3-p-Toluenesulphonyl (« and §8)-methyl- 
glucoside (6 g.) was treated in chloroform (40 c.c.) with a slight excess of 5% sodium methoxide 
solution, and the mixture kept at room temperature for 3 days. The product, anhydro-(« and 
8)-methylhexoside, was isolated in the usual way. By two treatments with Purdie’s reagents 
the anhydromethylhexoside was converted into dimethyl anhydro-(« and $)-methylhexoside, 
which, after distillation, showed mj§* 1-4552 and [a«]}®° + 52-8° in chloroform (Found: OMe, 
45-5%). 

When kept at 0° for 2 days, the product partly crystallised. The crystalline material was 
separated on porous tile and recrystallised from petrol. It had m. p. 63° and [a]}** + 187° 
and was apparently identical with the 4 : 6-dimethy]l 2 : 3-anhydro-«-methylalloside of Mathers 

and Robertson (loc. cit.) (Found: C, 52-6; H, 7°83; OMe, 45-7. Calc. for C,H,,0,: C, 52-9; 
H, : ‘8; OMe, 45-7%). 

: 6-Ethylidene 2 : 3-A nhydro-a-methylalloside.—Anhydro-(« and 8)-methylhexoside (0- 33 g:)» 
diescived in paraldehyde (5 c.c.), was treated at 10° with 1 drop of concentrated sulphuric acid. 
After 12 hours the solution was diluted with chloroform and extracted with water. Evaporation 
of the chloroform solution left a syrup, which crystallised. The product separated from light 
petroleum in large feathery crystals, m. p. 128°, [«]}§° + 100° in chloroform. 

4:6-Benzylidene 2: 3-Anhydro-a-methylalloside.—Anhydro-(« and £)-methylhexoside (0-5 
g.) was mixed in chloroform (10 c.c.) with phosphoric oxide (1 g.) and freshly distilled 
benzaldehyde (1 c.c.). After the mixture had been kept at room temperature for 2 hours, the 
liquid was filtered and concentrated to quarter bulk, and light petroleum added until a turbidity 
was produced. On keeping at 0°, crystals separated. This product, after recrystallisation 
from methyl alcohol, showed m. p. 198° and [«]?* + 161° and would seem to be identical with 
the 4: 6-benzylidene 2 : 3-anhydro-a-methylalloside prepared by Robertson and Griffiths (/oc. cit.). 

2 : 3-A nhydro-B-methylalloside.—4 : 6-Benzylidene 2: 3-anhydro-B-methylalloside (0-78 g.) 
in ethyl alcohol—acetone (40 c.c.) was hydrogenated in the presence of a palladium-—charcoal 

catalyst (for details, see Tausz and Putnoky, Ber., 1919, 52, 1573) at 1} atms. pressure and room 
temperature until hydrogen ceased to be absorbed (uptake, 120 c.c.). Evaporation of the 
solution yielded a syrup (0-48 g.), which crystallised on keeping. After recrystallisation from 
ethyl acetate-ether—petrol, the anhydromethylhexoside showed m. p. 60—62° and [a]}”" — 6-1° 
in ethyl acetate (c, 1-31) (Found: C, 48-0; H, 6-8; OMe, 17-0. C,H,,O0, requires C, 47-7; H, 
6-8; OMe, 17-6%). The product was hygroscopic, but could be preserved under petrol. 
4B 
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4: 6-Dimethyl 2: 3-Anydro-B-methylalloside.——The anhydromethylhexoside (0-09 g.) was 
converted by two treatments with methyl iodide and silver oxide into 4: 6-dimethyl 2: 3- 
anhydro-B-methylalloside, which crystallised in short needles, m. p. 50—51°, [a]}” + 35-3° in 
chloroform (c, 1-51) (Found: C, 53-0; H, 7-9; OMe, 45-0%). 

4: 6-Benzylidene 8-Methylaltroside.—4 : 6-Benzylidene 2 : 3-anhydro-$-methylalloside (2 g.) 
was heated at 90° with 2-5n-alcoholic potassium hydroxide solution (150 c.c.) until no crystals 
separated on cooling (14hrs.). The solution was diluted with water and extracted repeatedly 
with chloroform. Evaporation of the solvent from the chloroform extract left a crystalline 
residue, which, recrystallised from methyl alcohol-ether—petrol, showed m. p. 188° and [a]p 
— 62-9° in acetone (c, 1-08). 

4: 6-Benzylidene 2 : 3-Anhydro-B-methylmannoside.—2-p-Toluenesulphonyl 3 : 4: 6-triacetyl 
6-methylglucoside (2-7 g., prepared by Mr. W. O. Cutler of this laboratory) was converted by 
treatment with sodium methoxide into 2 : 3-anhydro-8-methylmannoside (Haworth, Hirst, and 
Panizzon) in 70% yield. The non-crystalline product ([«]}? — 28-8°) was treated in the usual 
way with benzaldehyde and 4: 6-benzylidene 2 : 3-anhydro-8-methylmannoside was isolated. 
After recrystallisation from methy] alcohol, it showed m. p. 183° and [«]}®° — 30-7° in chloroform 
(c, 0-82). 

Aqueous Acid Hydrolysis of Anhydromethylhexosides.—(a) Of 4: 6-dimethyl 2: 3-anhydro- 
a-methylalloside. The substance (0-13 g.), dissolved in 5% hydrochloric acid (5-5 c.c.), showed 
[«]?”” + 181-7°. There was no change in rotation at room temperature during 2 hours, but 
hydrolysis occurred when the solution was heated at 95°, the rotation falling to a constant value, 
[a] + 67-5° in 17 hours. The product isolated after neutralisation of the acid with silver 
carbonate was a viscous syrup, which was strongly reducing and contained chlorine. Analysis 
showed it to be a dimethyl chlorohexose (Found: C, 42-0; H, 6-9; Cl, 15-5; OMe, 27-0. 
C,H,,0,Cl requires C, 42-4; H, 6-6; Cl, 15-7; OMe, 27-4%). 

(b) Of 2: 6-dimethyl 3 : 4-anhydro-B-methylalloside. The substance (0-19 g.) was dissolved 
in 5% hydrochloric acid (3 c.c.). Hydrolysis occurred in the cold, the following polarimetric 
readings being observed: [«]?° (calculated on original material) — 139-7° (4 mins.) ; —136-7° 
(8 mins.) ; — 121-1° (32 mins.); — 109-6° (1 hr.); — 97-4° (2 hrs.); — 90-3° (3 hrs.); — 76-6° 
(15 hrs., constant value). The product was non-reducing and contained non-ionised chlorine. 
An attempt was made to obtain a crystalline derivative by acetylation of the product. The 
dimethyl monoacetyl chloromethylhexoside, which was not crystalline, had [a]? — 41-4° in 
chloroform (Found: OMe, 32-0%) 

The Alkaline Hydrolysis of 3-p-Toluenesulphonyl 1: 2-Monoacetone 5: 6-Diacetyl Gluco- 
furanose.—The substance (2 g., prepared by the method of Ohle and Erlbach, Ber., 1928, 61, 
1870) in chloroform (10 c.c.) was treated with sodium methoxide (1 mol.) in methyl alcohol at 
0° for 2 hours and thereafter the solution was kept at room temperature for 12 hours. The 
precipitate (sodium -toluenesulphonate and sodium acetate) was removed, and the filtrate 
extracted three times with water. The aqueous extract, after neutralisation with N-acetic acid, 
was evaporated in the presence of barium carbonate, and the dry residue extracted with boiling 
ether. Evaporation of the ether left a solid which, on recrystallisation from ethyl acetate, 
showed m. p. 155° and [a]? — 11-25° in water. There was no depression of m. p. in admixture 
with authentic monoacetone glucose (m. p. 158°; [a]? — 11-8° in water). A further quantity 
of monoacetone glucose was obtained by extraction of the residue with ethyl acetate. Yield, 
0-1 g. (10%). 

The chloroform solution after the aqueous extraction was evaporated, and the residue 
acetylated (acetic acid and pyridine at 36° for 3 days). The product was a solid which, after 
recrystallisation from methyl alcohol, had m. p. 76° and [a]? — 19° in chloroform. It was 
3-p-toluenesulphonyl monoacetone diacetyl glucofuranose. Yield, 40%. 

3-p-Toluenesulphonyl monoacetone glucose (0-35 g.), when submitted to the same treatment, 
also yielded monoacetone glucose, in 30% yield. 

Attempted Replacement of the p-Toluenesulphonyl Group by the Acetyl Group.—The conditions 
employed were varied as follows: (a) #-Toluenesulphonyl diacetone glucofuranose (2 g.) and 
fused sodium acetate (2 g.) in glacial acetic acid solution were heated on the water-bath for 
2 hours; (b) the same in alcoholic solution were heated on the water-bath for 24 hours; (c) 
3-p-toluenesulphonyl glucose (1 g.) and fused potassium acetate (1 g.) in alcohol (25 c.c.) were 
heated in a sealed tube at 115° for 8 hours; (d) the same at 120° for 14 hours; (e) the same 
with acetone instead of alcohol as the solvent; (f) the same as in (d), heated at 220° for 14 
hours; (g) 3-p-toluenesulphonyl triacetyl B-methylglucoside (0-5 g.) and potassium acetate in 
alcohol (50 c.c.) were heated on the water-bath for 4 hours; (h) the same, heated in a sealed 
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tube at 130° for 10 hours. In all cases the original p-toluenesulphonate was recovered 
unchanged. 


The authors are greatly indebted to Professor W. N. Haworth, F.R.S., for his advice and 
encouragement. They are also grateful to the Department of Scientific and Industrial Research 
for a maintenance grant to one of them (L. F. W.). 


Tue A.E. H1itts LABORATORIES, 
UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, May 28th, 1938.} 





210. Experiments on the Synthesis of Substances Related to the 
Sterols. Part XX. Preparation of Two Tricyclic Ketones. 


By F. J. McQuILtitiIn and ROBERT ROBINSON. 


The method of du Feu, McQuillin, and Robinson (J., 1937, 53) for the preparation 
of cyclohexenone derivatives has been applied to two dicyclic ketones containing 
angle-methyl groups. The constitution of one of the tricyclic substances has been 


ascertained. 


THE experience gained in the work described in Part XIV (loc. cit.) indicates that the 
ztiocholane skeleton (I) could be constructed from the dihydro-derivative of a ketone of 
the constitution (IX), which in its turn might be obtained from a ketomethylhydrindane. 
Some progress has been made in the attempt to realise this scheme of synthesis. In the 
decalin series the condensation proceeds in linear fashion, but it does not follow that the 
hydrindane must behave in the same way. Unfortunately we have not yet been able to 
decide the point. As we are engaged in another line of investigation, the results already 
obtained are submitted, but it is hoped that an opportunity to continue the work will be 
found. 

The crystalline 9-methyl-3-decalone (II) (Part XIV, loc. cit., p. 59) has been condensed 
with 4-diethylaminobutan-2-one methiodide, and the product (III) dehydrogenated with 
formation of anthracene. The parent ketone has meanwhile been shown to have the 
cis-configuration (Linstead, Millidge, and Walpole, J., 1937, 1140). 


7e | AV Me 7 
ee OS Oe 2S 
(I.) (II.) (III.) (IV.) 


A liquid 5-keto-8-methylhydrindane (V) has been obtained by catalytic hydrogenation 
of (IV) (Part XIV, Joc. cit.). It yields a homogeneous semicarbazone and may be oxidised 
to a dicarboxylic acid, C4gH,,0,. This substance is presumably (VI) or (VII) and further 
work remains to be done to establish its structure and configuration. 


CH, 


ion (Ye, re dine 


OH \cH,‘CO,H 
(V.) (V1.) (VII.) 


The hydrindane (V) has been condensed with the methiodide of 5-diethylaminopentan- 
3-one (Adamson, McQuillin, Robinson, and Simonsen, J., 1937, 1576) to yield a tricyclic 
ketone, C,,H,.0, which should be (VIII) or (IX). It was hoped to establish the structure 
by dehydrogenation, and one of the hydrocarbons (X) which might be obtained in this way 
has been synthesised by the method of Bogert (J. Amer. Chem. Soc., 1934, 56, 185, 959) 
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starting from o-bromotoluene. No definite product has been isolated, however, the 
substance proving rather resistant to the action of selenium. 


AY, V s 
Y 
QO Wf off 

(LX.) ~~ 


(X.) 


Me 


(VIII.) 


EXPERIMENTAL. 


Methyl-2-keto-A* '8-dodecahydroanthracene.—cis-3-Keto-9-methyldecalin (36 g.) in ether (500 
c.c.) was stirred during 6 hours with powdered sodamide (8-5 g.) in a stream of dry nitrogen. 
4-Diethylaminobutan-2-one methiodide (62 g.) in alcohol (100 c.c.) was added with vigorous 
stirring during 3 hours. After 4 hours’ heating on the steam-bath, the oil obtained on the 
addition of water was taken up in ether. Distillation of the dried extract gave recovered 
9-methyldecalone (17-6 g.) and a fraction, b. p. 155—160°/2 mm. (5-5 g.). This yielded a 
semicarbazone, m. p. 220°,. crystallising from aqueous dioxan (Found: C, 69-5; H,. 8-8. 
C,,H,,;ON; requires C, 69-8; H, 9-1%). The ketone regenerated by hydrolysis with warm 10% 
hydrochloric acid and isolated by means of ether had b. p. 149—151°/2 mm., 38° 1-5351 (Found : 
C, 82-2; H, 10-1. C,,H,,O requires C, 82-6; H, 10-1%). An attempt to effect this condens- 
ation in ¢ert.-butyl alcohol with the help of potassium fert.-butoxide was unsuccessful, the product 
being almost entirely insoluble in ether. J 

Dehydrogenation of 2-Keto-11-methyldodecahydroanthracene.—The substance resisted the 
action of selenium at 330°, but was readily dehydrogenated at 360°. A mixture of the ketone 
(1 g.) with selenium (3 g.) was maintained at this temperature during 40 hours and the finely 
ground cooled product was thoroughly extracted with benzene. A small amount of a phenol 
was obtained from the alkali washings, and the dried benzene solution on evaporation yielded 
an almost completely crystalline material (25 mg.), m. p. 200° after vacuum sublimation. This 
yielded a 1: 3: 5-trinitrobenzene adduct, m. p. 163° alone or mixed with this derivative of 
anthracene, and a further specimen, oxidised with chromic acid, gave colourless needles, m. p. 
283° alone or mixed with anthraquinone. 

5-Keto-8-methyl-A**®-tetrahydrohydrindene.—The crude condensation product from 2- 
methylcyclopentanone and 4-diethylaminobutan-2-one methiodide has been found to yield a 
bis-2 : 4-dinitrophenylhydrazone, m. p. 201° (pale yellow needles from acetic acid), evidently 
derived from 1l-methyl-l-(y-ketobutyl)cyclopentanone (Found: C, 50-4; H, 45; N, 21-0. 
C,,.H,,0,N, requires C, 50-0; H, 4-5; N, 21-2%). It has therefore been found useful to treat 
this material with sodium ethoxide to complete the cyclisation. In atypical example the crude 
condensation product (25-4 g.) in ether (100 c.c.) was mixed with dry sodium ethoxide (5 g.) in 
alcohol (20 c.c.) and after a few hours the solution was refluxed (2 hours) and cooled, and the 
oil liberated on acidification was isolated by means of ether and purified as already described 
(du Feu, McQuillin, and Robinson, /oc. cit.). 

5-Keto-8-methylhydrindane.—A solution of 5-keto-8-methyl-A*‘®-tetrahydrohydrindene 
(8-8 g.) in alcohol (30 c.c.) was shaken in hydrogen at 2 atm. pressure with 2% palladised 
strontium carbonate (3 g.). Rapid absorption of gas (1300 c.c.) occurred and the alcoholic 
solution on distillation afforded 5-keto-8-methylhydrindane (8-6 g.), b. p. 110°/12 mm., nj} 
1-4782 (Found: C, 78-6; H, 10-8. Cy 9H,,O requires C, 79-0; H, 10-5%). The semicarbazone 
formed glistening plates, m. p. 190°, from aqueous alcohol (Found : C, 63-2; H, 9-2. C,,H,,ON,; 
requires C, 63-1; H, 9-1%). 

Oxidation.—This saturated ketone (0-8 g.) was shaken at room temperature during several 
hours with a 2% ‘alkaline permanganate solution (2-1 g. of KMnO,); the solution was filtered 
and washed with ether. After concentration and acidification, thorough ether extraction 
and removal of the solvent afforded a semi-solid material. This crystallised (200 mg.) from 
dilute hydrochloric acid; m. p. 158° (Found: C, 60-3; H, 8-3. Cj 9H,,O, requires C, 60-0; 
H, 8-0%). The substance is being investigated further. 

Condensation of 8-Methylhydrindan-5-one with 5-Diethylaminopentan-3-one Methiodide.— 
8-Methylhydrindan-5-one (15-2 g.) in ether (500 c.c.) was stirred under reflux during 4 hours 
with powdered sodamide (3-9 g.) in a stream of dry nitrogen and, after cooling, treated dropwise 
with 5-diethylaminopentan-3-one methiodide (29-9 g.) in alcohol (25 c.c.) with vigorous stirring. 
After 5 hours’ heating under reflux, water was added, and the whole extracted with ether. 
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Distillation of the dried extract yielded unchanged methylhydrindanone, and a fraction (5:4 g.), 
b. p. 184—188°/10 mm., nl” 1-5026. This material in ether (130 c.c.) was refluxed with sodium 
ethoxide (2 g.) in alcohol (20 c.c.) for 4 hours and again isolated by acidification, ether extraction, 
and distillation; the oil (3 g.) had b. p. 189—191°/13 mm., 38° 1-5058 (Found: C, 82-3; H, 
10-2. C,;H,,O requires C, 82-6; H, 10:1%). The 2: 4-dinitrophenylhydrazone separated in 
carmine prisms, m. p. 160°, from ethyl alcohol-ethyl acetate (Found: C, 63-2; H, 6:3. 
C.,H,,0,N, requires C, 63-6; H, 6-5%). Experiments on the dehydrogenation of this ketone and 
of its reduction products have so far given uncrystallisable oils, but the work is being continued. 

8-0-Tolylethyl Alcohol.—The Grignard reagent from o-bromotoluene (35 g.) and magnesium 
(5 g.) in ether (200 c.c.) was treated with ethylene oxide (9-2 g.) in ether (25 c.c.) with cooling 
in ice, and after 12 hours the ether was removed. The residue was heated on the steam-bath 
for 3 hours, acidified with ice-cold dilute hydrochloric acid, and extracted with ether. On 
distillation o-bromotoluene was recovered, and §-o0-tolylethyl alcohol (11-4 g.) then obtained 
as a colourless oil, b. p. 133—134°/20 mm., n3?° 1-5354 (cf. Grignard, Compi. rend., 1905, 141, 45). 

8-o-Tolylethyl chloride, obtained in almost theoretical yield on treatment of the alcohol with 
dimethylaniline and thionyl chloride (cf. Cook and Hewett, J., 1933, 1107), had b. p. 109°/17 
mm., ny” 1-5357 (cf. Bert, Compt. rend., 1928, 186, 372). 

1-8-0-T olylethylcyclopentan-1-ol.—8-o-Tolylethyl chloride was converted into the Grignard 
derivative with magnesium (1-7 g.) in ether (50 c.c.) and treated with cyclopentanone (6 g.) with 
stirring and cooling in ice. After 12 hours, aqueous ammonium chloride and ether were added. 
The dried extract on distillation yielded some recovered material and 1-8-o-tolylethyicyclo- 
pentan-1-ol (5 g.), b. p. 141°/1 mm., nf 1-5348 (Found: C, 82-1; H, 9-7. C,gH9O requires C, 
82-3; H, 98%). 

3’-Methyl-6 : 7 : 8 : 9-tetrahydro-4 : 5-benzhydrindene——The above carbinol (3-7 g.) was 
cyclised by treatment with ice-cold 85% sulphuric acid (cf. Bogert, Joc. cit.), yielding the hydro- 
carbon (2-5 g.), b. p. 97—99°/1 mm., n#° 1-5461 (Found: C, 90-2; H, 9-8. C,H, requires C, 
90-3; H, 9-7%). 

3’-Methyl-4 : 5-benzhydrindene was obtained by dehydrogenation of the tetrahydro-compound 
with palladised charcoal at 340—360°. The distilled product, b. p. 105—110°/1 mm., rapidly 
crystallised and then separated from methyl alcohol in colourless prisms, m. p. 44° (Found : 
C, 92-0; H, 7-7. C,gHy, requires C, 92-3; H, 7:7%). The picrate crystallised from ethyl 
alcohol in orange-red needles, m. p. 107° (Found: N, 10-0. C,,H,,,CsH,;0,N; requires N, 10-2%) 


The authors thank the Goldsmiths’ Company for a Senior Studentship awarded to one of them. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, June 8th, 1938.) 





NOTES. 


A New Gravimetric Method for Palladium Determination. By (Miss) R. SCHONTAL. 


Tue author has already reported (Mikrochem., 1938, 24, 20) that a solution of ~-aminoaceto- 
phenone is a specific and very sensitive reagent for palladium, forming in dilute neutral or 
slightly acid solution a voluminous yellow precipitate of the complex (NH,°C,H,°CO-CH;).,PdCl, ; 
this reaction detects 5 X 10 g. of palladium chloride per c.c. 

The precipitate, insoluble in cold water, dilute acids, alcohols, ether, acetone, and chloroform, 
is readily filtered, is non-hygroscopic, and can be used for quantitative determination of palla- 
dium. The only interfering metals are platinum and cerium: the former is not inimical if the 
solution is largely diluted, but cerium must be removed. 

Procedure.—To the cold palladium solution, 0-1N with respect to hydrochloric acid, is added 
an excess of the reagent solution (1 g. in 100 c.c. of water containing 2 c.c. of concentrated 
hydrochloric acid), and after being shaken for a few minutes, the yellow precipitate is collected 
on a sintered-glass filter (G.1) or a tared double filter-paper, and washed with cold water until the 
filtrate ceases to give a reaction for the reagent. (For this purpose, a solution of 0-2 g. of cerous 
sulphate and 5 c.c. of concentrated sulphuric acid in 100 c.c. of water is used; 2 x 10 g. of 
p-aminoacetophenone in 1 c.c. give a violet coloration, and larger concentrations afford a violet 
precipitate.) 

The precipitated complex salt is dried to constant weight at 80° : 

(NH,°C,H,°CO-CH;s),,PdCl, x 0-2384 = Pd. 


Alternatively, the precipitate may be ignited to metallic palladium. 





1100 Notes. 


The following table gives specimen analyses of solutions of palladium chloride either alone or 
in presence of other salts. 
0-2% Wt. of ppt., g. 
PdCl,, Vol. of c - ‘ 
CL. Added salt. soltn., c.c. Calc. Found. Diff., g. Error, %. 
5 _— 20 0-0252 0-0250 —0-0002 — 08 
10 —_— 50 0-0504 0-0497 —0-0007 — 1-4 
10 — 50 0-0504 0-0505 +0-0001 + 0-2 
20 _ 0-1008 0-0995 —0-0013 — 1- 
10 on ee ee 00504 00498 00006 — 1: 
MgCl,, 10% 





CaCl, 10% 
BaCl,, 10% 
ay 10% 


a 
0-0505 +0-0001 0-2 


10 


0-0501 —0-0003 0-6 


Copy 10% 0-0499 —0-0005 1-0 
2° 

Auch, 20° 0-0498 —0-0006 1-2 
PtCl,, 3% 0-0500 —0-0004 0-8 


RhCl,, 0-2% , 
* 3 0-0505 +0-0001 0-2 


10 
10 
10 


atin ti all aeaemtimmen Teil 


Aaawneancgaaanaan 


10 
10 RuCl, 0 2% 
IrCl,, 0-2% 
10 CeiSO,), trace 0-0510 +0-0006 + 1-2 
10 10 c.c, Ceg(SO,)5 0-0856 +0-0352 +70-4 
It is evident that only cerium salts interfere, and they should be removed before the precipit- 

ation. The excess of the reagent required in presence of other salts depends on their nature and 
quantity and on the volume of the solution.—INsTITUTE OF FORENSIC MEDICINE, JAGELL 
UNIVERSITY OF Cracow. [Received, March 15th, 1938.) 
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Dipole Moments and Molecular Structure. The Dipole Moment of Nitron.—By FRANK L. WARREN. 


ScHONBERG has suggested (private communication; see also this vol., p.824) that endotriazoles do 
not exist as such but as zwitter-ions. These compounds are practically insoluble in all non- 
polar solvents, and an attempt to effect an approximate measurement of the dipole moment of 
1 : 4-diphenyl-5-methyl-3 : 4-endothiotriazole and of nitron in chloroform (compare Hassel and 
Uhl, Z. physikal. Chem., 1930, B, 8, 157) was frustrated by the large damping effect of such solu- 
tions when placed in the dielectric cell. 

Amongst the compounds of this type, however, nitron was found to be slightly soluble in 
benzene, and measurement in this solvent gave a dipole moment of 7-2 p.; this high value is 
indicative of a zwitter-ion structure, which might be represented as a resonance hybrid between 
formule (II), (III), and (IV) (compare Ingold, J., 1933, 1120; Sidgwick, J., 1937, 694), rather 
oe - vomeati — (I) (Ber., 1905, 38, 858). 


N—NPh N—NPh N—NPh® 
Hexen ler | { daze { ds ths 
enfh XPh exfh Xho enfh NPh 


(L.) (II.) (III.) (IV.) 

Nitron, obtained from Schering—Kahlbaum, and twice crystallised from alcohol and benzene 
and washed with benzene, had m. p. 188—189° (Busch, /oc. cit.). The measurements were made 
as described previously (J., 1937, 1858), and their ability to afford accurate results with such 
small dilutions was tested with p-nitrosodimethylaniline, for which, at f, = 0-000546, P, was 
found equal to 1030 (Le Févre and Smith, J., 1932, 2239, give PP = 1044 c.c. at 25°). 

Nitron in benzene. Nitron in chloroform. 

fe as :. | on Py. Se np . B ig 
0 2-2621 0-86808 26-6280 — 0 1-4401 1-46921 21-4189 a= 
0-0003574 2-2854 0-86849 26-9883 1035 0-003702 1-4433 1-46695 21-7164 101-8 
0-0004129 2-2892 0-86856 27-0465 1040 0-003873 1-4435 1-46681 21-7330 102-6 
0-0004306 2-2902 0-86861 27-0610 1032 
0-0006719  2-3046 0-86881 27-2849 1004 

= 1036 c.c.; Pg= 102-2c.c.; p= 7-2 X 10-** e.8.u. 


Thanks are due to Prof. Schonberg for his kind interest in the work.—EGyPpTIAN UNIVERsITY, 
Asspassia, Catrg. [Received, May 23rd, 1938.) 
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Eighth Report of the Committee on Atomic Weights 
of the International Union of Chemistry. 


By G. P. BaxTER (Chairman), O. H6Onicscumip, and P. LEBEAU. 


THE following report of the Committee covers the twelve-month period, September 30, 


1936, to September 30, 1937.* 
The following changes in the table of atomic weights have been made : 


Hydrogen from” 1-0078to 1-0081 
Helium ss 4-002 4-003 
Carbon » 12-01 12-010 


Molybdenum mi 96-0 95-95 

Erbium » 167-64 167-2 
» 184-0 , 183-92 

Osmium » 191-5 190-2 


HYDROGEN AND HELIUM.—Mass spectroscopic values for these elements obtained by 
Aston (Nature, 1936, 137, 357, 613) and by Bainbridge and Jordan (Reviews of Modern 
Physics, 1937, 9, 370) based on the physical scale are as follows : 


Aston. Bainbridge and Jordan. 
1-00812 1-00813 
4-00391 4-00389 


On the chemical scale these become H, = 1-00785 and He = 4-00285 (conversion factor 
1-00027). Allowance for 7H, with the abundance ratio 1/5000, gives 1-00805 for chemical 
hydrogen. The values 1-0081 and 4-003 for hydrogen and helium have been adopted 
for the table, since they seem more reliable than those obtained by other methods. 

CARBON.—Baxter and Hale (J. Amer. Chem. Soc., 1937, 59, 506) have continued the 
quantitative combustion of heavy hydrocarbons, with certain improvements in technique. 
Chrysene used previously (I) was further purified (II) and a third sample was synthesised 
from naphthalene (II1). Triphenylbenzene used previously (II) was further purified (ITT) 
and a new sample was synthesised from benzaldehyde (from amygdalin) (IV). A new 
sample of anthracene was purified as before (II) and a third sample was synthesised from 
phthalic acid and benzene (III). As previously reported, the purification of pyrene was 
not successful. The old as well as the new results are corrected for small increases in 
weight of the absorption tubes when gases were passed through the combustion train in 
the absence of any hydrocarbon. The earlier results are further corrected for a small error 
in weight calibration. Results are calculated with H = 1-0078. The use of the more 
probable value 1-0081 for hydrogen gives a value for carbon only 0-0003 lower. 


Atomic Weight of Carbon. 
Hydro- Ratio At. wt. 
Sample. carbon, g. H,0O, g. H, g. C, g. COs, g. O, g. C:O,. of C. 
Chrysene. 
2-78052 = 1-31192 = --0-14678 = 263374 9-65237 7-01863 0-375250 12-008 (0) 
2-69266 1-27591 . 0-14275 2-54991 9-34366 6-79375  0-375332 12-010 (6) 
2-97790 1-41044 0-15780 2-82010 10-33440 7-51430 0-375298 12-009 (5) 
2-99659 1-41906 0-15877 2-83782 10-39868  7-56086 0-375330 12-010 (6) 
301102 = 1-42558 0-15950 2-85152 10-44739 7-59587 0-375404 12-012 (9) 
2-97646 1-40901 0-15764 2-81882 10-32819 7:50937 0-375374 12-012 (0) 
2-97260 1-40723  0-15744 2-81516 10-31566 7-50050  0-375330 12-010 (6) 
1-56689 0-74145 0-08295 1-48394 5-43767 3-95373 0-375327 12-010 (5) 
3°08222 1-45976 0-16332 2-91890 10-69608 7-77718  0:375316 12-010 (1) 
207420 0-98195 0-10986 1-96434 7-19819 5-23385  0-375315 12-010 (1) 
Average 0-375328 12-010 (5) 


* Authors of papers bearing on the subject are requested to send copies to each of the three members 
of the Committee at the earliest possible moment: Prof. G. P. Baxter, Coolidge Laboratory, Harvard 
University, Cambridge, Mass., U.S.A.; Prof. O. Hénigschmid, Sofienstrasse 9/2, Miinchen, Germany ; 
Prof. P. Lebeau, Faculté de Pharmacie, 4, Avenue de l’Observatoire, Paris (6¢), France. 
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Hydro- Ratio At. wt. 
Sample. carbon, g. H,O, g. H, g. C, g. CO,,g. O,g. Cc: O,. of C, 
Triphenylbenzene. 

I 3-00022 158994 0-17788  2-82234 10-34128 7-51894 0-375364 12-011 (6) 
II 2-99781 1-58711 0-17757 2-82024 10-33453 7-51429 0-375317 12-010 (1) 
II 2-99647 158580 0-17742 2-81905 10-33018 7-51113 0-375316 12-010 (1) 

III 3-00284 158874  0-17775 2-82509 10-35196 7-52687 0-375334 12-010 (7) 
III 6-00641 3-17865  0°35563  5-65078  20-70670 15-05592  0-375320 12-010 (2) 
IV 2-99682 158563 0-17740 2-81942 10-33123 7-51181 0-375332 12-010 (6) 
IV 3-00217 1-58866 0-17774 2-82443 10°35028 7-52585  0-375297 12-009 (5) 
IV 2-99844 158649 0-17750 2-82094  10-33739 7-51645 0-375302 12-009 (7) 
Average 0°375323 12-010 (3) 

Anthracene. 
I 2-99495 151439 0-16943 2-82552 10°35385 7-52833 0-375318 12-010 (2) 
I 2-04939 1-:03659 0-11597 1-93342 7-08535 5-15193 0-375281 12-009 (0) 
III 2-87189 1-45078 0-16231 2-70958 9-92877 7-21919  0-375330 12-010 (6) 
III 2-95847 1-49521 0-16729 2-79118  10-22821 7-43703  0-375308 12-009 (9) 
III 2-88436 1-45742 0-16306 2-72130 9-97193 7-25063 0-375319 12-010 (2) 
II 6-06324 3-06430  0-34284 5-72040 20-96070 15-24030 0-375347 12-011 (1) 
II 544882 2-75414 0-30814 5-14068 18-83572 13-69504 0-375368 12-011 (8) 
II 2-81287 1-42365 0-15928 2-65359 9-72451 7-07092  0-375282 12-009 (0) 
II 5-54044 2-80123 0-31340 5-22704  19-15276 13-92572 0-375352 12-011 (3) 
Average 0-375323 12-010 (3) 
Average of all results 0-375325 12-010 (4) 


The average atomic weight of carbon is 0-0013 higher than the pumuanaty value (see 
Seventh Report of this Committee). 

CARBON.—Scott and Hurley (J. Amer. Chem. Soc., 1937, 59, 1905) have determined 
the atomic weight of carbon by comparison of benzoyl chloride with silver. Thiophen-free 
toluene was oxidised to benzoic acid by means of potassium permanganate. The product 
was twice precipitated with ‘hydrochloric acid, recrystallised from water, and sublimed. 
To prepare benzoyl chloride the benzoic acid was warmed with redistilled phosphorus 
trichloride. Then the benzoyl chloride was purified by fractional distillation in exhausted 
all-glass systems. During the later stages of the fractionation samples for analysis were 
sealed off in glass bulbs. Analysis was effected by first breaking the weighed bulbs under 
aqueous pyridine and collecting the glass on filters for weighing. The solutions were then 
compared with weighed, nearly equivalent quantities of pure silver by the equal-opalescence 
method. In the following table the fractions are listed in the order of decreasing volatility. 
The weights of the bulbs and glass as well as of the silver were corrected for the buoyancy 
of the air during weighing. 


The Atomic Weight of Carbon. 


Fraction of Wt. of Ratio 
benzoyl chloride. benzoyl chloride. Wt. of Ag. C,H,OC1: Ag. At. wt. C. 

4 13-08649 10-04596 1-302662 12-0050 

5 13-12011 10-06925 1-302988 12-0100 

8 13-09014 10-04617 1-302998 12-0102 

ll 12-43004 9-53960 1-302994 12-0101 

12 13-48239 10-34736 1-302979 12-0099 

15 14-70047 11-28211 1-302989 12-0101 

16 13-80987 10-59833 1-303023 12-0106 

14 10-71976 8-22688 1-303016 12-0105 

9 14-61669 11-21768 1-303004 12-0103 

6 12-53791 9-62157 1-303104 12-0118 
Average, excluding the first and last 1-302999 12-0102 


The authors reject the result obtained with Fraction 4, which was the most volatile 
fraction analysed, since it was suspected to contain hydrogen chloride, and that obtained 
from Fraction 6 on the score of disagreement. This, however, was the least volatile fraction 
examined. 

If the atomic weight of hydrogen is taken as 1-0081 instead of the current value, that 
of carbon is lowered only 0-0002. 

The final result is in excellent agreement with that of Baxter and Hale (see above) 
and with that obtained from mass spectroscopic evidence. 
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The values for 12C found by Aston (Nature, 1936, 139, 922) and by Bainbridge and 
Jordan (Reviews of Modern Physics, 1937, 9, 370) are 12-00355 and 12-00398 on the physical 
scale. Corrected to the chemical scale (conversion factor 1-00027), these become 12-0003 
and 12-0007. Even with the abundance ratio for 18C as low as 1/100 the atomic weight of 
carbon becomes 12-0103 and 12-0107. 

On the basis of the chemical evidence the value 12-010 has been adopted for the atomic 
weight of carbon in the International Table, but from the physical evidence it seems possible 
that the correct value is nearer 12-011. 

CARBON and NITROGEN.—Moles and Toral (Sitzungsber. Akad. Wiss. Wien, 1936, 110, 
145, 948; Monatsh., 1936, 69, 342; Anal. Soc. Fis. Quim., 1937, 35, 42) have redetermined 
the densities of oxygen, carbon dioxide and nitrous oxide with improved apparatus. 
Oxygen was prepared from potassium permanganate and from a mixture of potassium and 
sodium chlorates with manganese dioxide. Carbon dioxide was obtained by heating 
sodium hydrogen carbonate, and after purification was several times resublimed. Nitrous 
oxide was prepared from ammonium nitrate and was fractionated by sublimation. 


The Density of Oxygen. The Density of Carbon The Density of Nitrous 
Globe A. Globe B. Average. Dioxide. Oxide. 
760 mm. Globe A. Globe B. Average. Globe A. Globe B. Average. 
580-995 454-735 760 mm. 760 mm. 
1-42892 1-42892 1-97695 1-97696 1-97695 1-97826 1-97819 1-97822 
1-42892 1-42890 1-42891 1-97693 1-97691 1-97692 1-97822 1-97823 1-97822 
1-42897 1-42899 1-42898 1-97696 1-97695 1-97695 1-97820 1-97822 1-97821 , 
1-42893 1-42896 1-42895 Ay. 1.97695 1-97694 1-97694 Ay, 1-97823 1-97821 1-97822 
Av. 1-42894 1-42894 1-42894 570 mm 
: 380 mm. 
506-67 mm. 1-97355 1-97349 1-97352 197103 1-97105 1-97104 
1-42849 1-42844 1-42847 1-97352 1-97358 1-97355 1-97096 1-97092 1-97094 
——— Soe fee 1-97353 1-973511-97352 ay. 1.97100 1-97099 _1-97099 
Av. 1-42852 1-42848 1-42850 Av. 1-97353 1-97353 1-97353 , 
380 mm. 475 mm. 
1-42819 1-42812 1-42816 1:97187 1-97174 1-97180 
1-42836 1-42829 1-42833 1-97190 1-97189 1-97189 
1-42856 1-42831 1-42844 1:97186 1-97186 
1-42823 1-42832 1-42828 1:97188 1-97188 


1-42824 1-42833 1-42829 
Av. 197189 1-97184 1-97185 
Av. 142832 142827 1-42830 ™ =) am 


1-97016 1-97012 1-97014 
1-97008 1-97017 1-97012 
1-97011 1-97016 1-97013 


Av. 1-97012 1-97015 1-97013 


From these values the following limiting densities and molecular weights are calculated : 


L. D. M. W. - 
insta ptnewniiamebidinnceanenaeiis 1-42764 32-0000 
REAPS 1-96333 44-0072 
II wicsctitctemniccicintinltacensaiois 1-96377 44-0167 


The atomic weights of carbon and nitrogen are then 12-007 and 14-008. 

Moles (J. Chim. Phys., 1937, 34, 49) discusses the calctlation of molecular weights by 
the method of limiting densities. 

NITROGEN.—Moles and Sancho (Anal. Soc. Fis. Quim., 1936, 34, 865) recalculate the 
earlier results of Moles and Sancho (see Fifth Report of this Committee) on the density 
of ammonia after applying a correction for the coefficient of expansion of the barometer 
scale. The new values are 0-77140 and 0-76560 at one and at one-half atmosphere 
respectively. A similar correction for the scale used by Moles and Batuecas (see First 
Report of this Committee) gives 0-77140 for the density at one atmosphere. 

New determinations were made by the volumeter method with ammonia prepared by 
heating nickel ammonia bromide. 
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The Density of Ammonia (760 mm.). 


Pressure of filling. Density. Pressure of filling. Density. Pressure of filling. Density. 
762 0-77135 583 0-76856 264 0:76376 
760 0-77147 509 0-76758 263 0-76372 
Average 0-77141 397 0-76562 Average 0-76374 

396 0-76560 


Average 0-76561 


The equation D, = 0-759877 + 0-001153p expresses these results within the limit of 
accuracy of the experiments. With the limiting densities 0-75988 and 1-42761 for ammonia 
and oxygen the molecular weight of ammonia is 17-0327. With the atomic weight of 
hydrogen 1-0078, nitrogen is 14-009. The value 1-0081 for hydrogen gives 14-008 for 
nitrogen. 

CARBON, NITROGEN, AND FLUORINE.—Cawood and Paterson (Trans. Roy. Soc., 1936, A, 
236, 77), using an improved micro-displacement balance, have compared the density of 
oxygen with those of carbon dioxide, ethylene, carbon tetrafluoride, nitrous oxide and 
methyl fluoride under two different pressure conditions. By extrapolation the ratios at 
zero pressure were found. 

The gases were subjected to chemical purification and fractional distillation or sublim- 
ation. Each ratio in the following tables is the mean of a long series of measurements 
at 21°. 


Carbon dioxide. Ethylene. Carbon tetrafluoride. 
Pos: Po:/Pooe- Pow: Po:/Poons- Po:- Po2/Pers- 
418-3 1-37764 428-1 0-879963 484-2 2-75106 
234-5 1-37662 234-9 0-878507 252-8 2-75040 
0 1-37532 0 0-876735 0 2-74967 
Meooz, = 44-0101. C = 12-010. Moon, = 28-0556. Mer, = 87-989. 
C = 12-012 (H = 1-0078). F = 18-995 (C = 12-011). 
Methyl fluoride. Nitrous oxide. 
Pox Po2/Pousr- Po». Po2/Pxao- 
454-8 1-06839 418-6 1-37794 
229-0 1-06596 229-1 1-37680 
0 1-06350 0 1-37542 


Meus = 34-0318. F = 1s-997{ 7 = aah ee re 


Sopium.—Scott and Hurley (J. Amer. Chem. Soc., 1937, 59, 2078) point out that 
with the atomic weight of carbon 12-010 and the current values of International atomic 
weights various recent experimental values for ratios involving sodium carbonate indicate 
a value for the atomic weight of sodium lower than the International value and in agreement 
with that recently found by Johnson, 22-994 (see Fifth Report of this Committee). 


Ratio 
Ps S BEE scccdectnseincinassnsesuensecetss 22-993 
tin < UE wctiscbensstedcecssseceosanthae 22-993 
Re 0 Ba ctiktbiiinidicnnattnacanansens 22-994 


ALUMINIUM.—Hoffman and Lundell (Bureau of Standards J. Research, 1937, 18, 1) have 
determined the ratio of aluminium to aluminium oxide. Weighed quantities of aluminium 
were dissolved in hydrochloric acid and in one set of experiments aluminium hydroxide 
was precipitated, collected, and ignited (Series I). In another the aluminium chloride 
was converted into sulphate, and this compound in turn into oxide by ignition (Series II). 
Analysis of the two samples of aluminium employed revealed only traces of a few impurities, 
including oxygen. The oxide obtained in the main experiments was ignited at 1200—1300° 
in platinum crucibles. Tests for residual gases, sulphate and water were negative, provided 
the oxide was cooled and weighed in a closed receptacle. In every case blank experiments 
carried on simultaneously with very small weighed quantities of aluminium were used for 
comparison, the weights of metal and oxide being subtracted from those of the experiments 


proper. 
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3 The weights given in the following tables are corrected for the small amounts of 
impurities found in the original metal, and for the buoyancy of the air. 


The Atomic Weight of Aluminium. 


Sample Ratio At. wt. Ratio At. wt. 
of Al. Al, g. Al,O;. 2Al: 30. Al. Al, g. Al,O;. 2Al: 30. Al. 
Series I. Series II. 
2-00100 3-78105 1-124126 26-979 1-88650  3-56504 1-123893 26-973 
1-89511  3-58079 1-124241 26-982 2-00812  3-79482 1-123927 26-974 
1-83837  3-47351 1-124289 26-983 163804 3-09555 1-123862 26-973 
1-88787  3-56752 1-123966 26-975 2-65087  5-00956 1-123874 26-973 


1-90155 3-59348  1-123894  26-973* 2-64428  4-99696 1-123944 26-975 
2-33772 4-41805 1-123726 26-969* 2-04031 3°85588 1-123785 26-971 
1-99419 3-76859 1-123867 26-973 1-72393  3-25736 (1-124231) (26-982) 


Average 1-124015 26-976 Average, omitting the 
: last analysis 1-123881 26-973 


Average of Series I and II 26-975 
* Recalculated. 


The average agrees extraordinarily well with the earlier results of Krepelka and of 
Krepelka and Nikolic by analysis of the chloride, 26-975 and 26-974. Richards and 
Krepelka found 26-963 by analysis of the bromide, and Aston’s latest figure (Nature, 
1936, 137, 163), corrected to the chemical scale with the conversion factor 1-00027, is 26-984. 

ARSENIC.—Krepelka and Kocnar (Coll. Chem. Comm., 1936, 8, 485) have determined the 
ratio of arsenic tribromide to silver and silver bromide. Pure arsenic and pure bromine 
were caused to react at 180—200° in an all-glass apparatus and the product was three times 
fractionally distilled, once over arsenic, in a current of nitrogen, and was once fractionated 
in exhausted apparatus into small bulbs for analysis. 

The bulbs, after being weighed in air and under water, were broken under ammonia 
and the glass was collected and weighed. Comparison of the solutions with solutions of 
weighed, very nearly equivalent quantities of pure silver were carried out by the equal- 
opalescence method. In one analysis the silver bromide was collected, dried, and weighed. 
Weights are corrected to vacuum. 


The Atomic Weight of Arsenic. 


AsBrzy, g. Ag, g. AsBr, : 3Ag. At. wt. As. 
2-46237 2-53249 0-972312 74-931 
3-10332 3-19176 0-972291 74-924 
5-24485 5-39448 0-972262 74-915 
1-83326 1-88549 0-972299 74-927 
1-18537 1-21921 0-972244 74-909 
2-67066 2-74673 0-972305 74-929 
Average 0-972286 74-923 
AgBr. 
4-09965 7-33996 0-558539 74-926 


MOLYBDENUM.—Honigschmid and Wittmann (Z. anorg. Chem., 1936, 229, 65) have 
analysed molybdenum pentachloride by comparison with silver. Molybdenum trioxide 
first was fractionally sublimed. The middle portions were combined and fractionally 
volatilised as chlorohydrine in a current of hydrogen chloride. After solution in water 
ammonia was added, and the ammonium molybdate, after evaporation, was ignited to 
oxide. Reduction in hydrogen to metal followed (Sample I). Sample II was prepared 
from the head and tail fractions of molybdenum pentachloride rejected in the preparation 
of this substance. 

The pentachloride was prepared by heating the pure metal in a current of oxygen-free 
chlorine and fractionally subliming the pentachloride four times in chlorine in an all-glass 
apparatus. The samples of pentachloride for analysis were sealed in glass tubes after 
evacuation without exposure to the air. 

The tubes were weighed in air and in water and then were broken under ammonia 
containing hydrogen peroxide in a stoppered flask. The glass fragments were collected and 
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weighed. After several days’ standing to allow peroxymolybdic acid to decompose, a large 
excess of nitric acid was added and the solution was compared with weighed, nearly 
equivalent quantities of pure silver by the equal-opalescence method. Weights are 
corrected to vacuum. 

The Atomic Weight of Molybdenum. 


MoCl,, At. wt. MoCl,, At. wt. 
Sample. g. Ag, g. MoCl,;:5Ag. Mo. Sample. g. Ag, g- MoCl,:5Ag. Mo. 


I 3-92664 7-75178  0-506546 95-946 I 1-12271 2-21639 0-506549 95-948 
I 1-15477 2-27969  0-506546 95-946 I 1-29219 2-55093 0-506556 95-952 
I 1-97299 3-89488 0-506559 95-953 I 1-81107 3-57528  0-506553 95-950 
I 1-70337 3-36269 0-506550 95-948 I 1-89693 3-74477 0-506554 95-950 
I 0-54405 1-:07400 0-506564 95-955 I 1-33890 2-64321  0-506543 95-944 
I 1-61924 3-19664 0-506544 95-945 I 3-75537 7:41382 0-506536 95-941 
I 0-69492 1-37182 0-506568 95-958 II 0-58655 1-15788  0-506572 95-960 
I 3°35249 6-61842 0-506539 95-942 II 1-91751 3-78537 0-506558 95-952 
I 184113 3-63462 0-506554 95-950 II 1-62848 3-21487 0-506546 95-946 
I 284577 5-61795  0-506550 95-948 Average 0-506552 95-949 


The average result 95-95, which is supported by Aston’s isotopic analysis of molybdenum, 
has been adopted for the table. 

EvurRopiuM.—Baxter and Tuemmler (J. Amer. Chem. Soc., 1937, 59, 1133), working with 
material purified by McCoy, have analysed europous chloride. Europium originally 
containing about 70% of rare-earth impurities was five times precipitated as europous 
chloride. Spectroscopic examination by King then revealed less than 0-001% of other 
rare earths. Further purification consisted in several precipitations as europic oxalate 
from acid solution, fractional crystallisation of europic nitrate from nitric acid, and 
fractional crystallisation of europic chloride from hydrochloric acid. 

Attempts to prepare anhydrous europic chloride failed because of instability of this 
salt at high temperatures even in a chlorine atmosphere. Anhydrous europous chloride 
was, however, easily prepared by slow dehydration and eventual fusion in hydrogen chloride 
and hydrogen. Weighed amounts of the anhydrous dichloride were dissolved in very 
dilute nitric acid and allowed to oxidise in the air. Comparison of the solution with 
silver followed conventional lines. Weights are corrected to vacuum. (Density of EuCl, 
assumed to be 5-0.) 

The Atomic Weight of Europium. 


EuCl,, g. Ag, g. EuCl, : 2Ag. At. wt. Eu. 
2-37131 2-29571 1-03293 151-95 
3-08192 2-98364 1-03294 151-95 
2-81855 2-72847 1-03301 151-97 
4-88930 4-73350 1-03291 151-95 
Average 1-03295 151-95 


The final value, which is preliminary, is not far from the International value, 152-0, 
and the mass spectrum value, 151-90 (Aston). 

ErBiIuM.—H6nigschmid and Wittner (Z. anorg. Chem., 1937, 232, 113) have published 
detailed results of analyses of erbium chloride (see Seventh Report of this Committee). 
The erbium material, purified by Feit, was several times precipitated as oxalate and after 
crystallisation the chloride was carefully dehydrated by efflorescence at gradually increasing 
temperatures up to 450°. Analysis in the usual way by comparison with silver followed. 
Weights are corrected to vacuum. 


Atomic Weight of Erbium. 


ErCl,, g. Ag, g. ErCl,:3Ag. At. wt. Er. AgCl, g. ErCl, : 3AgCl. At. wt. Er. 
2-51386 2-97656 0-84455 166-960 3°95499 0-63562 166-952 
3-53255 4-18243 0-84462 166-981 5-55730 0-63566 166-970 
2-15972 2-55725 084455 166-959 3-39780 063562 166-954 
3-03007 3-58787 0-84453 166-953 4-76709 0-63562 166-954 
2-62962 3-11371 0-84453 166-953 4-13701 0-63563 166-958 
4-53536 5-37025 0-84453 166-954 7-13535 0-63562 166-952 


Average 0-84455 166-960 Average 0-63563 166-957 
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X-Ray analysis of this material by Noddack indicated 0-37 atom % of yttrium and 
0-42 of thulium. Corrected for these impurities, the atomic weight of erbium becomes 
167-24. Aston’s mass spectrographic analysis yielded 167-15. On the basis of these 
results the atomic weight of erbium in the Table has been changed from 167-64 to 167-2. 

TUNGSTEN.—HGnigschmid and Menn (Z. anorg. Chem., 1936, 229, 49) have compared 
tungsten hexachloride with silver. Tungsten material was purified first by synthesising 
the hexachloride and distilling it fractionally. Solution in ammonia and precipitation of 
tungstic acid with nitric acid followed and this process was repeated three times. 
Ignition and reduction of the oxide in hydrogen was the next step. At this point spectro- 
scopic examination gave doubtful indication of a trace of molybdenum, but X-ray spectra 
showed none of this element. The pure metal was then converted into hexachloride 
in a current of oxygen-free chlorine in quartz and the hexachloride was fractionally 
sublimed in a current of chlorine into a glass tube which could be exhausted and sealed. 

After being weighed in air and under water, the sealed tube was broken under ammonia 
and the glass fragments were collected on a platinum sponge crucible. The solution was 
then compared with weighed, nearly equivalent quantities of pure silver by the equal- 
opalescence method. In precipitating the silver chloride it was found desirable first to 
add the silver nitrate to the ammoniacal solution and then to acidify with nitric acid in 
the presence of tartaric acid. Weights are corrected to vacuum. 


of the International Union of Chemistry. 





The Atomic Weight of Tungsten. 


WCl,, g. Ag, g. WCl,: 6Ag. At. wt. W. WCl,, g. Ag, g. WCl,: 6Ag. At. wt. W. 
1-75701 2-86712 0-612814 183-920 1-62596 2-65332 0-612802 183-913 
1-73590 2-83255 0-612840 183-937 3°26518 5§-32827 0-612803 183-913 
1-93036 3-15007 0-612799 183-911 0-58492 0-95442 0-612854 183-946 
2-60625 4-25263 0-612856 183-948 3-12581 5-10073 0-612816 183-922 
1-86801 3-04814 0-612836 183-935 4-55270 7-42866 0-612856 183-948 
2-70714 4-41774 0-612788 183-904 2-75996 4-50378 0-612810 183-918 
3-39835 5-54586 0-612772 183-893 2-28497 3-72869 0-612808 183-916 
2-80394 4-57536 0-612835 183-934 3-39738 5-54385 0-612820 183-924 
4-95955 8-09324 0-612802 183-912 3-56066 5-81059 0-612788 183-904 
2-77074 4-52115 0-612840 183-937 3-15808 5-15369 0-612780 183-899 
1-69490 2-76594 0-612775 183-895 Average 0-612812 183-920 


1-72253 2-81100 0-612782 183-900 


The average value agrees well with Aston’s mass-spectroscopic value and has been 
adopted for the table. 

OsmiuM.—Nier (Phys. Rev., 1937, 52, 885) has recently redetermined the isotopic 
abundance ratios of osmium. These lead to a chemical atomic weight 190-21 (packing 
fraction — 1 x 10-4; conversion factor 1-00027), and the measurements by Aston (Proc. Roy. 
Soc., 1931, A, 182, 492) give 190-28. It therefore seems probable that the present Inter- 
national value for this element, 191-5, is too high, and accordingly the value for osmium 
in the table has been changed to 190-2. 

Lreap.—Baxter, Tuemmler and Faull (J. Amer. Chem. Soc., 1937, 59, 702) have deter- 
mined the atomic weights of several radiogenic leads. After extraction from the mineral 
the lead salts were purified by crystallisation as nitrate and chloride, followed by 
distillation of the chloride in a current of hydrogen chloride. In preparation for 
weighing, the lead chloride was fused in hydrogen chloride. Comparison of the lead 
chloride with silver followed in the conventional way. Weights are corrected to vacuum 
(see upper table on p. 1108). 

Since the Beaverlodge Lake and Katanga pitchblendes are free from thorium, it appears 
that both contain appreciable amounts of common lead. Allowing for the thorium-— 
uranium ratio of this specimen of samarskite, 0-442, this seems also to be the case with the 
samarskite lead. 

Marble (J. Amer. Chem. Soc., 1937, 59, 654) has determined the atomic weight of lead 
from a specimen of galena occurring in a vein which cuts one of the pitchblende veins of the 
Great Bear Lake deposit and from a point not far from the pitchblende. Purification 
included crystallisation of the nitrate and of the chloride as well as distillation of the 
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The Atomic Weight of Lead. 


Wt. of Ag, At. wt. Wt. of Ag, At. wt. 
PbCl,, g. g. PbCl, : 2Ag. Pb. PbCl,, g. g- PbCl, : 2Ag. Pb. 


Common lead. Samarshkite. 


4-39335 3-40822 1-28905 207-211 1-28803 1-00238 1-28497 206-331 
3-49797 2-71356 1-28907 207-216 0-75523 0-58769 1-28508 206-355 
4-21579 3-37033 1-28910 207-222 Average 1-28503 206-343 
pany yhoo sae ae try Katanga pitchblende, hydrochloric acid extract. 
4-74688 3-68250 1-28904 207-209 3-43131 2-67306 1-28366 206-049 
3-99080 3-09581 1-28910 907-222 3-52881 2-74901 1-28367 206-050 
. ‘ 4-28996 3-34206 1-28363 206-041 
Beaverlodge Lake pitchblende. 4-84228 3°77217 1-28369 206-054 
2-61248 2-03489 1-28384 206-088 4-50429 3-50889 1-28368 206-053 
2-75235 2-14398 1-28373 206-070 Average 1-28367 206-051 
sins 247ag3 © Lasse aoe Keaange picblnde, nalred 
4-01745 3-12921 1-28384 206-089 1-70238 1-32624 1-28361 206-038 
2-72167 2-11990 1-28387 206-093 1-60461 1-25003 1-28366 206-048 
2-17947 1-69765 1-28382 206-082 4-61797 3-59755 1-28364 206-045 


Average 1-28363 206-042 


chloride in hydrogen chloride. Analysis was by the conventional method of comparison 
with silver. Weights are corrected to vacuum. 


The Atomic Weight of Lead. 


PbCl,, g. Ag, g. PbCl, : 2Ag. At. wt. Pb. 
0-54549 0-42318 1-28903 207-206 
2-77993 2-15663 1-28902 207-204 
1-17288 0-90990 1-28902 207-205 
Average 1-28902 207-205 


The sample appears to be common lead and if so is one of the oldest to be examined. 
Rapi1uM.—Attention is called to the fact that in the recent determination of the atomic 
weight of radium by Hénigschmid and Sachtleben (Sixth Report of this Committee) no 
correction is made for the effect of the temperature of radium salts on their weights. 
Allowance for this will presumably raise the atomic weight of radium by 0-01—0-02 unit. 
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ATOMIC WEIGHTS, 1938. 


Sym- At. Sym- At 
bol. No. At. wt. bol. No. At. wt. 

Aluminium ......... Al 13 26-97 FRAUD cectvsreccecesesse Ne 10 20-183 
Antimony...........- Sb 51 = 121-76 WENGE coceccoccoseses Ni 28 58-69 
REETE  ccaccccscccsses A 18 39-944 Niobium 
ATSEMNIC ..........00006 As 33 74-91 (Columbium)......Nb (Cb) 41 92-91 
BD cccorsonionines Ba 56 = 137-36 Nitrogen ............ N 7 14-008 
Beryllium ............ Be 4 9-02 Osmium .........++ Os 76 190-2 
Bismuth ............ Bi 83 209-00 CIE cccrencresceses O 8 16-0000 
BRIE cesscccsseccese B 5 10-82 Palladium............ Pd 46 106-7 
Bromine ............ Br 35 79-916 Phosphorus ......... P 15 = 31-02 
CIID cccccconcees Cd 48 112-41 PRR 220000050088 Pt 78 195-23 
IID ccccccenesevere Cs 55 132-91 Potassium..........+. K 19 39-096 
CAREER .ccccccccescoce Ca 20 40-08 Praseodymium...... Pr 59 140-92 
CAREIEE, cereccesescsoes Cc 6 12-010 Protoactinium...... Pa 91 231 
CED snhacicrsesecse Ce 58 140-13 RAG... 0020000000 Ra 88 226-05 
COMED cccscscccces Cl 17 35-457 TRAE ccccccccesccece Rn 86 222 
Chromium ......... Cr 24 52-01 Rhenium ..........+. Re 75 186-31 
GHEE enccccccescesns Co 27 58-94 Rhodium ............ Rh 45 = 102-91 

° ac rnicsieatins Cu 29 63-57 Rubidium............ Rb 37 85-48 
Dysprosium ......... Dy 66 162-46 Ruthenium ......... Ru 44 = 101-7 
) ee Er 68 167-2 Samarium............ Sm 62 = 150-43 
Europium............ Eu 63 152-0 Scandium ............ Se: - 21 45-10 
i ee F 9 19-00 Selenium ............ Se 34 78-96 
Gadolinium ......... Gd 64 156-9 GONE. ccccoconcscoess Si 14 28-06 
GRE csencescccscese Ga 31 69-72 aren Ag 47 107-880 
Germanium ......... Ge 32 72-60 ee Na Ill 22-997 
GAIT. csaseccccocscscces Au 79 ° 197-2 Strontium............ Sr 38 87-63 
ee Hf 72 1786 I veccccesssesess S 16 32-06 

. | reer He 2 4-003 Tantalum ............ Ta 73 180-88 

¥ Ho 67 = 163-5 Tellurium ............ Te 52 127-61 

) Hydrogen ............ H 1 10081 Terbium ............. Tb 65 159-2 
a In 49 114-76 a Tl 81 204-39 
BID becoecccscncess I 53 126-92 BRUTE cccwscscccee Th 90 232-12 
BIE cvesccsciencebe Ir 77. ~=—- 193-1 Thulium ............ Tm 69 169-4 
ne Fe 26 55-84 Biinishenesscesvescossne Sn 50 118-70 
Krypton .........+.+ Kr 36 83:7 Titanium ............ Ti 22 47-90 
Lanthanum ......... La 57 = 138-92 Tungsten .........0+. W 74 183-92 
BRE ctnaeccscssccosnes Pb 82 207-21 (CO — Ea U 92 238-07 
FC a Li 3 6-940 Vanadium............ V 23 = 50-95 
Lutecium ............ Lu 71 1750 CO EE Xe 54 131-3 
Magnesium ......... Mg 12 2432 Ytterbium ......... Yb 70 173-04 
Manganese ......... Mn 25 54-93 FRED ccccecscesee Y 39 88-92 
Mercury  ..........:. Hg 80 200-61 EERE ccanscccsccerconse Zn 30 3 § 65°38 
Molybdenum ...... Mo 42 95-95 Zirconium.........++ Zr 40 91-22 


Neodymium ......... Nd 60 144-27 
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Third Report of the Committee on Atoms of the International Union 
of Chemistry. 


Chairman: F. W. Aston. 
Members: N. Bour, O. Hann, W. D. HARKINS, G. URBAIN. 


During the past year accurate knowledge of the relative abundance of isotopes has 
been greatly advanced by the fine work of Nier with an apparatus specially designed for 
the purpose. The following changes are recommended. 

KRYPTON and XENON.—The percentage figures deduced from Nier’s electrical measure- 
ments are adopted in place of those obtained by photometry ten years ago. The changes 
are small (A. O. Nier, Physical Rev., 1937, 52, 933). 

NEODYMIUM.—More accurate photometric measurements are now available (J. Mat- 
tauch and V. Hauk, Naturwiss., 1937, 25, 780). 

TUNGSTEN.—A new rare isotope 180 has been discovered (A. J. Dempster, Physical 
Rev., 1937, 52, 1074). 

OsMIUM.—Better determinations of relative abundance are now available and a new, 
very rare isotope 184 has been discovered (A. O. Nier, ibid., p. 885). 

MERcURY.—Electrical measurements indicate the absence of isotopes 197 and 203 
previously reported and give more reliable figures for the abundance of the others (A. O. 
Nier, tbid., p. 933). 

Lreap.—Accurate analyses of ordinary lead have revealed unexpected variations in 
its isotopic constitution. The figures for the geologically oldest samples are, however, 
constant and these have been adopted (A. O. Nier, Bull. Amer. Phys. Soc., 1938, 13, 17). 


International Table of Stable Isotopes for 1938. 


(Numbers in italics are rough or indirect measurements, in parentheses doubtful. w = weak 
isotope, abundance not determined.) 
Atomic Mass Relative Atomic Mass Relative 
Number Number Abundance Number Number Abundance 
Symbol. (Z). (M). %). Symbol. (Z). (M). (%)- 
H 1 1 99-98 Al 13 27 100 
D 2 0-02 Si 14 28 89-6 
29 6-2 
He 2 4 100 30 42 
a 3 : ant P 15 31 100 
Ss 16 32 96 
Be 4 9 100 33 1 
34 3 
B 5 10 20 Cl 17 35 76 
_1l 80 37 24 
Cc 6 12 99-3 A 18 36 0-31 
13 0-7 38 0-06 
N 7 14 99-62 ye 00-68 
15 0-38 K 19 39 93-4 
) 8 16 99-76 = + 
17 0-04 
18 0-20 Ca 20 40 96-76 
42 0-77 
F 9 19 100 43 0-17 
Ne 10 20 90-00 44 2-30 
21 0-27 
;- &£ ¢ as 
. i 5 
Na 11 23 100 47 7-8 
Mg 12 24 77-4 48 71-3 
25 11-5 49 5-5 
26 11-1 50 6-9 
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Atomic Mass Relative Atomic Mass Relative 
Number Number Abundance Number Number Abundance 
Symbol. (Z). (M). (%). Symbol. (Z). (M). (%). 
Ce 58 136 w Hf 72 176 5 


138 177 19 
140 178 28 
142 . 179 18 


180 30 
181 100 
‘ 180 0-2 
143 ‘ 182 22-6 
144 ‘ 183 17-3 
145 . 184 30-1 
146 . 29:8 
148 , 
a. 3 


144 
147 0-018 


148 
149 
150 
152 
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The Pictet Memorial Lecture. 


AME PICTET. 
1857—1937. 


A MEMORIAL LECTURE DELIVERED ON APRIL IsT, 1938. 
By GEorRGE BarceErR, Hon. M.D., LL.D., F.R.S. 


By the death, on March 11th, 1937, of Amé Pictet, Swiss chemistry lost its doyen, and 
this Society a distinguished honorary Fellow, one of the last representatives of the 
“‘ classical period ’’ of organic chemistry. But little interested in theoretical questions, 
and not much influenced by modern biochemistry, he was primarily concerned with 
the constitution of natural products and most of all with their synthesis. The latter he 
often accomplished by the simplest of means, applying old-established methods with great 
ingenuity and tenacity, not using elaborate modern technique, always showing a thorough 
knowledge of the literature. Pictet was not just a chemist, no mere academic recluse. 
A distinguished citizen of a small republic, ‘‘ the Rome of the Protestants,” the “‘ Con- 
science of the World,” where a traditional devotion to science and learning had long 
been the attribute of men of leisure, this son of a patrician family did not entirely live 
the retiring life of an investigator and teacher; he was also a welcome delegate at many 
international gatherings. 

For centuries the Pictet family had supplied distinguished citizens to the state. 
Marc Auguste, collaborator of de Saussure and his successor to a chair in the old Academy 
of Calvin, was one of the founders of the Société helvétique des Sciences naturelles. His 
brother Charles represented Geneva at the Vienna Congress of 1815 and was moreover 
one of those who originated the Bibliothéque brittanique, from which the present Archives 
des Sciences physiques et naturelles de Genéve took their origin. This branch of the family 
later produced Raoul Pictet, physicist and inventor, well known for his work on the 
liquefaction of gases. 

Amé Pictet, our late honorary Fellow, belonged to a younger branch which had in- 
cluded notable biologists among its members. Amé’s grandfather, Jules, a historian, 
was the author of a well-known work, ‘‘ La Genéve ressuscitée,’’ and married a niece 
of the famous botanist, Augustin-Pyramus de Candolle. 

The next generation was not much influenced by science or learning: Amé’s father, 
Ernest Pictet, was a banker, a man of affairs, maire, president of the Geneva Grand 
Council, representative of his town in the national Parliament; he probably had no 
enthusiasm for the scientific career of his son, in whom the family tradition of scholar- 
ship nevertheless reasserted itself. 

Having received a classical education at the local Gymnasium, young Pictet entered 
the university of his native town in 1875, with the intention of studying medicine, but 
he was soon deflected towards chemistry by the teaching of the famous Marignac. After 
obtaining the bachelor’s degree in 1877, he migrated to the Polytechnikum (later Technische 
Hochschule) at Dresden, where in R. Schmitt’s laboratory he spent a year on inorganic 
analyses and a second year on practical organic chemistry. During this period Pictet 
had as fellow student Arthur Hantzsch, of the same age (both were born in 1857). A 
lecture in memory of Hantzsch was delivered by Professor T. S. Moore at the annual 
meeting of this Society at Bristol two years ago. Schmitt, the teacher of Pictet and of 
Hantzsch, was a former pupil and assistant of Kolbe; he seems to have been a favourite 
with young students, at a time when there were few laboratories in which systematic in- 
struction in the technique of organic chemistry could be obtained. It was Marignac 
who induced Pictet to choose chemistry rather than medicine; it was Schmitt who made 
him choose the organic branch of the subject. Therefore, on leaving Dresden in 1879, 
Pictet selected Kekulé’s laboratory for his first research. At Bonn he did not, however, 
work with the great master himself; he was put in charge of the latter’s assistant, 
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Anschiitz, who suggested an investigation on the isomerism, then not completely under- 
stood, of maleic and fumaric acids, and on their relation to the tartaric acids. It was 
proposed to convert the two unsaturated acids into dibromosuccinic acids without change 
of configuration, and then to transform the bromo-acids into either pure racemic or pure 
mesotartaric acid; previously only mixtures of these two had been obtained. Hardly 
had Pictet started his experiments, in the autumn of 1879, when he and Anschiitz were 
chagrined to learn that Kekulé had succeeded in converting succinic acid into meso- 
tartaric. This took away much of the interest from Pictet’s research and he therefore 
confined himself to a systematic examination of esters of tartaric acid, and to an attempt 
to connect their rotatory powers with the nature of the alkyl group. He did indeed ob- 
serve some regularities, which were not, however, reproduced when the esters were 
acetylated or benzoylated. This theoretical question was much later investigated by 
Pictet’s colleague, Philippe Guye. In 1880 Pictet left Bonn for Geneva, where he com- 
pleted his work and obtained the degree of doctor of science in 1881 with a dissertation 
entitled: ‘‘ Recherches sur les éthers tartriques.”’ 

The work in Kekulé’s laboratory did not profoundly influence Pictet’s career. Yet, 
in a rather accidental way, his stay in Bonn proved of the greatest importance. According 
to notes left at his death, he received a deép impression, amounting to an inspiration, on 
seeing one day in the window of a Bonn bookshop a pamphlet by Koenigs, open at the 
pages where the author discussed the structure of pyridine. Pictet decided to take up 
the study of heterocyclic compounds of this type, and thus the nature of his researches 
was determined for more than 30 years, during his most fruitful period, devoted largely 
to the study of alkaloids. There was already some evidence of his interest in vegetable 
bases in the subsidiary propositions, which according to custom he undertook to defend 
along with his doctoral thesis. 

When Pictet returned to Geneva in 1880, Graebe, Marignac’s successor, at once ap- 
pointed him an assistant, and henceforth Pictet worked in his native city, except for 
the winter of 1881—1882, when he spent a little time in the laboratory of Wiirtz at Paris. 
Wiirtz, like Anschiitz and Kekulé, had but little influence on Pictet’s further work; not 
so Graebe. It was Graebe who, on Pictet’s final return in 1882, made him a Privat- 
dozent and supplied him with young collaborators. It was also Graebe who suggested a 
synthesis of isoquinoline from phthalomethylimide, and later made more valuable sugges- 
tions, directly or indirectly. The first attempt to obtain the hypothetical isomeride of 
quinoline failed, and once more Pictet suffered a disappointment, when isoquinoline was 
discovered in coal tar by Hoogewerff and van Dorp (1885) and was synthesised by Gabriel 
(1886). During this period his scientific output was not very large; his work on nicotine 
had not yet begun. In 1888 he was appointed chemistry master at the Gymnasium, a 
post which he held for five years. Pictet’s first independent paper of any importance 
was published in 1886, when he was 29 years of age, and consisted in the recognition that 
the product obtained by Etard in the pyrolysis of benzylidene-o-toluidine was not a methyl 
derivative of the hypothetical phenanthridine, as Etard supposed, but «-phenylindole. 
Pictet’s attention seems to have been directed to this subject by Graebe’s work, who a little 
earlier had synthesised acridine by pyrolysis of phenyl-o-toluidine 


0 655 Tage & + 


Graebe, however, failed to obtain an isomeric substance ‘“ phenanthridine ’’ from 
benzylideneaniline, and this apparently led Pictet to test Etard’s claim to have produced 
a methylphenanthridine from benzylidene-o-toluidine. Since benzylideneaniline did not 
react in the desired fashion, and, for that matter, benzylidene-p-toluidine did not either, 
Pictet rightly concluded that the methyl group of o-toluidine was involved in a ring closure, 
to an indole derivative, and this he proved by a synthesis of «-phenylindole by reduction 
of o-nitrodeoxybenzoin. In this manner Pictet began to pay attention to pyrogenetic 
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reactions, which played so large a part in his subsequent work. His first success with 
such a reaction was the synthesis of phenanthridine itself, from benzylideneaniline : 


Barger : 


oC 

—> 

Of 7 OV 
VA 
H 

Five years earlier Graebe had failed to achieve this (at a dull red-heat). Pictet used 

an iron tube packed with pumice and raised the temperature to a bright red-heat (1889). 


Later he synthesised the base by a less violent method; he prepared also derivatives by 
intramolecular condensation of 2-acylamidodiphenyls : 


Unlike phenanthrene, phenanthridine proved very difficult to oxidise. In order to 
obtain phenanthridone, Pictet employed a novel agent, the nascent oxygen given off 
from bleaching powder and a cobalt salt. Alkylphenanthridones were, however, readily 
obtained by means of ferricyanide; the latter reaction may be explained by the inter- 
mediate formation of what is now called a pseudo-base : 


KOH K,Fe(CN), 
ory CH, IN-CHs IN-CH, 
CH-OH O 
Pseudo-base Methylphenanthridone 


Other papers of this early period are concerned with the monoalkylation of primary 
bases, by treating their acyl derivatives with alcoholic potassium hydroxide and an alkyl 
halide, a method improved later by Hinsberg, who used sulphonyl derivatives. In this 
way Pictet occupied himself with acetomethylanilide, and suggested its introduction into 
médicine to replace the rather undesirable acetanilide or antifebrine. He mentioned 
his ideas to a partner in a Parisian firm, who began to manufacture acetomethylanilide 
under the name of exalgine, without in any way acknowledging Pictet’s suggestion or 
work. The latter’s train of thought about this time may be illustrated by yet another 
synthesis. By the action of zinc chloride, a reagent which he also employed much later 
in his work on sugars, he hoped to convert acetoethylanilide into dihydrolepidine (4- 
methyldihydroquinoline) : 

CO-CH; C-CH; 


a CX) 
yo H, 
N 





Qn 


Actually he obtained quinaldine, which probably involves a preliminary wandering of the 
ethyl group from the nitrogen to the benzene ring : 


Th 


NH 


In 1892 Pictet was one of the secretaries of the congress of chemists, which met in his 
native city and suggested the Geneva nomenclature of organic compounds. Its origins 
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were as follows: In connexion with the Paris exhibition of 1889 (which left as a relic the 
Eiffel tower) there was held an international congress of chemistry, and its organisers 
had placed on the programme the reform of organic nomenclature. The subject, however, 
proved to be so difficult that it was remitted to an international standing committee. 
A Parisian sub-committee met 45 times and considered suggestions from abroad; its 
report was adopted as the basis for discussion at the congress which met at Geneva on 
April 19—22, 1892. Membership was by invitation, not by delegation from national 
chemical societies. Some 35 chemists accepted the invitation and among these France 
was most largely represented. Not only did the project originate in France, but some of 
the younger French chemists had contributed much enthusiasm and energy to the prelimin- 
ary discussions : the reform appealed to their logical minds and was intended to facilitate 
teaching. The Germans were more concerned with giving every substance a single 
official name so that it could readily be found in the literature. Britain was represented 
only by H. E. Armstrong, J. H. Gladstone and W. Ramsay; others who had been invited 
did not accept. C. Friedel, of Paris, an Alsatian, was chosen as president, von Baeyer, 
Cannizzaro, Gladstone and Lieben were vice-presidents. Pictet, at that time 35 years of 
age, and still a schoolmaster, was one of the four secretaries. (The photograph facing 
p. 1117 is reproduced from an original kindly lent by Prof. E. Briner, Geneva.) During 
its eight sessions the congress did little more than consider the nomenclature of 
aliphatic compounds; its recommendations were to some extent a compromise between 
the French and the German views. Much later, after the World War, a sub-committee 
of the Union de Chimie pure et appliquée carried the work further, and in this Pictet took 
an active part, understanding alike the French and the German points of view. 

In 1893 Pictet resigned his schoolmastership, and a year later he was appointed 
extraordinary professor of organic chemistry in the University. In 1895 there appeared 
one of his best known papers, on phenyl- and pyridyl-pyrroles and the constitution of 
nicotine (in conjunction with P. Crépieux). It had been shown by Blau that gentle 
dehydrogenation of nicotine furnishes a monoacid base (nicotyrine) having the properties 
of a pyrrole, and this had led Hoogewerff and van Dorp to suggest a structural formula for 
the alkaloid, which was later proved to be correct. Already in 1889, in the laboratory of 
the Gymnasium, Pictet had begun an attempt to verify this formula, but he made no con- 
siderable progress until, on returning to the University in 1894, he secured an abundant 
supply of tobacco juice from a friendly manufacturer of cigars. The main result in the 
1895 paper was the demonstration of the identity of nicotyrine with N-methyl-«-(8- 
pyridyl)pyrrole, which established the constitution of the natural alkaloid. The syn- 
thesis was first tried with aniline mucate, which yielded N-phenyl- and a-phenyl-pyrrole. 
The $-aminopyridine was obtained from nicotinic acid via the amide; nicotinic acid had 
already been synthesised, but Pictet obtained the necessary supplies of this acid by oxi- 
dising nicotine. The most difficult step was the isomerisation of N-(8-pyridyl)pyrrole 
to the corresponding «-derivative, which was achieved by passing the vapour of the 
former through a red-hot tube [a synthesis by a different route, at a lower temperature, 
was worked out by Spath and Bretschneider (Ber., 1928, 61, 327)]. It should be re- 
membered that in 1895 alkaloidal synthesis was in its infancy and had gone no further 
than coniine and piperine. A red-hot tube had already become to Pictet a familiar piece 
of apparatus, and had enabled him to prepare phenanthridine and isoquinoline. Nico- 
tyrine was, however, but the first stage in the synthesis of the natural alkaloid; eight more 
years were required before it could be converted into optically active nicotine. The 
reduction of the pyrrole ring without affecting the pyridine nucleus caused the greatest 
difficulty in those days, before the development of catalytic methods. The reduction 
was accomplished in two stages: hypoiodite yielded iodonicotyrine, which with tin 
and hydrochloric acid furnished dihydronicotyrine. On repetition of the process (with 
hypobromite instead of hypoiodite) the second double bond was hydrogenated and the 
resulting racemic nicotine was resolved via the tartrate. The nicotyrine actually used 
in these experiments was made from the alkaloid, not synthesised; Pictet relied on the 
proved identity of the synthetic product with nicotyrine from natural sources. The 
resolution of the racemic alkaloid created interest on account of the difference between 
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the pharmacological properties of the new d-enantiomorph and natural /-nicotine. Again 
the racemic nicotine employed was not obtained by reduction of nicotyrine, but by heat- 
ing /-nicotine hydrochloride for 4—5 days with water at 200—210°. 

The synthesis may be represented as follows : 


i, Se Ba he A ¥-OQ- i 


Br-— CH, 


I | 
—> ag —— > eo CH, 
cH, cH, N-CH, 


oe 


l-nicotine 


d-nicotine 


The synthesis of nicotine led to some subsidiary investigations, on nicotinic acid, 
on the methiodides of nicotine, and on the minor alkaloids of tobacco. Of the last 
he described in 1901 nicoteine, Cy)H,N, (a dehydronicotine) ; micotelline, CyHgNg, a solid, 
and nicotinine, C,9H,,No, isomeric with nicotine and a secondary base. Other work was 
concerned with the mechanism of the pyrrole synthesis, which was studied with aniline 
mucate. By varying the conditions either N-phenylpyrrole-««’-dicarboxylic acid could 
be obtained, or the anilide of the monocarboxylic acid. Either compound furnished 


N-phenylpyrrole at a higher temperature : 


CH(OH)—CH-OH oe 
C,H,:NH,,HO-OC‘CH-OH CH(OH)-CO-OH,NH,;C,H, 
aoe 


C,HsNH,,HO-OC-C  C-CO-OH,NH,-C,H, 
HC—CH HC——CH 
— HO-0C-C C-CO-OH,NH,C,H, —* HC ©-CO-OH,NH,C,H, 
\4 ot 
N-C,H; N-C,H; 


HE fH +co,+cHynH, Hh fH 


a HC ris -CO-NH:C,H; 
\ 
N-C,H; N-C,H, 

At a still higher temperature (dull red-heat) the pyrrole ring may be enlarged, if it has 
a suitable substituent in the «-position. Thus «-methylpyrrole yields pyridine, «-methyl- 
indole yields quinoline, N-methylcarbazole yields phenanthridine, and a-benzylpyrrole 
yields 8-phenylpyridine. 

Other investigations of this time were concerned with the dismutation which the 
methiodides of phenanthridine and acridine undergo on treatment with alkali. Thus 
phenanthridine methohydroxide is partly oxidised to N-methylphenanthridone, partly 
reduced to a volatile base, dihydrophenanthridine. Similarly methylacridone is obtained 
along with methyldihydroacridine. A research of a rather different nature involved the 
preparation of mixed anhydrides of acetic acid with inorganic acids, for instance, tri- 
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acetyl boric acid, acetyl nitrate and diacetyl orthonitric acid. The last on refluxing with 
acetic anhydride yielded tetranitromethane : 
4(CH,*CO-O-),N(OH); + 4(CH;°CO),0 = 15CH;*CO-OH + CO, + C(NO,), 

Pictet was, however, gradually becoming more and more interested in alkaloids. 
Already before the beginning of this work on nicotine he had published ‘“‘ La constitution 
chimique des alcaloides végétaux,” Paris, 1888; this book subsequently had an English 
and two German editions. Before the synthesis of nicotine had been completed, he 
entered the field of ssoquinoline alkaloids by showing that the rare opium alkaloid laudano- 
sine can be obtained by resolution, by means of quinic acid, of the racemic reduction 
product of papaverine methochloride The constitution of papaverine had already been 
settled by Goldschmiedt. Other alkaloidal work was concerned with strychnine and 
brucine oxides, with tsostrychnine, and with the origin of alkaloids in plants. Whilst 
Pictet was not much concerned with theoretical explanations in organic chemistry— 
he as a rule preferred a simple experiment—he was more inclined to speculate in the 
biological field, where experimentation was difficult or impossible. Thus he was one of 
the first to put forward the theory, now generally accepted, but by no means so well 
recognised by the botanists of that time, that alkaloids are break-down products of protein, 
which the plant couples with other substances, analogous to benzoic acid and indoxyl, and 
deposits in its tissues because it has no excretory organs which enable the animal to get rid 
of such substances in the form of hippuric acid and urinary indican. In a search of such 
analogues of benzoic acid and indoxyl he discovered (1907) in a number of common plants 
minute traces of simple bases, which he termed proto-alkaloids. For instance, in tobacco 
he found N-methylpyrrolidine, in a quantity corresponding to 0-3% of the total alkaloid, 
and not formed from nicotine. A similar base obtained in a minute yield (0-01%) from 
pepper was identified 20 years later as 6-methylpyrroline. Whilst Pictet’s view as to 
the source of alkaloids has been generally accepted, his ideas regarding the mechanism 
of their production, and the significance of his proto-alkaloids, are not in accordance with 
modern knowledge of the amino-acids of protein, some of which were only being dis- 
covered at the time of his speculations. His curiosity as to the presence of alkaloids in 
fossil plants seems afterwards to have led him to his work on vacuum tar and would 
thus be a link between his earlier and his later periods. 

The five years 1904—1909 after the nicotine synthesis were thus occupied with 
problems arising out of it, and with minor investigations on other alkaloids. In 1909 he 
published an improved synthesis of tetrahydrossoquinolines which led again to most 
important work, on laudanosine and papaverine. Bischler and Napieralski had distilled 
amides with phosphoric oxide and so obtained minute yields of bases which they regarded 
as isoquinolines. With F. W. Kay, apparently his first British pupil, Pictet showed that 
the reaction is enormously improved by heating the amide in toluene or xylene solution 
with the suspended pentoxide. This opened the way to the synthesis of laudanosine 
(with Marie Finkelstein); the method was afterwards much used by others for the 
synthesis of numerous isoquinoline alkaloids. One of the main difficulties is the prepar- 
ation of the requisite substituted amide; in the case of laudanosine the amide was homo- 
veratroylhomoveratrylamine, which Pictet had to prepare by the somewhat primitive 
methods then available : 

CH, 


Me CH, Me Me 
Me /NH Me 
OC 
Sn + HCI 


Me \ 
Me MeO 


Homoveratroylhomoveratrylamine Laudanosine 
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The year 1909 greatly added to Pictet’s reputation, and he also published the synthesis 
of papaverine (with H. Gams). Unlike laudanosine, which is a derivative of tetrahydro- 
isoquinoline, papaverine is a derivative of unreduced isoquinoline, so that the dihydro- 
derivative resulting from the ring closure would have to lose two hydrogen atoms, instead 
of gaining them. This dehydrogenation Pictet was unable to bring about directly (it 
was later accomplished by Spath and Burger, Ber., 1927, 60, 704, by palladised asbestos 
at 200°). Pictet, however, obtained the desired result indirectly, by introducing a hydroxyl 
group, and removing this later along with a hydrogen atom to make the necessary double 
bond. This ingenious modification of the synthesis started with w-aminoacetoveratrone 
instead of homoveratrylamine. The homoveratroyl] derivative of this ketone was reduced 
to a hydroxylated amide, from which phosphoric oxide removed in one operation two 
molecules of water, instead of the single one ae for ring closure : 
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— 2H,O 
MeO\ Me Me 
MeO Me Me 
w-Homoveratroylaminoacetoveratrone Hydroxylated amide Papaverine 


The synthetic product did not show a colour reaction given by the natural papaverine, 
and this colour reaction was traced to the presence in the commercial alkaloid of several 
units % of cryptopine. 

In 1911 Pictet and Gams published two papers, in which they claimed to have syn- 
thesised oxyberberine and berberine, containing a fourth ring additional to the three in 
laudanosine and papaverine. Haworth, Perkin, and Robinson (J., 1924, 125, 1686) failed 
to repeat the alleged synthesis of oxyberberine, which is destroyed by 15—20% alcoholic 
potassium hydroxide at 140—150°, the supposed last reaction in Pictet and Gams’s pro- 
cess. It was, however, synthesised by Perkin, Ray, and Robinson (J., 1925, 127, 740) 
by another method, so that its constitution is certain. Likewise Buck and Davis (J. 
Amer. Chem. Soc., 1930, 52, 660) could not repeat the direct synthesis of berberine. The 
error, of which Pictet became the victim, can only be a subject for speculation. The 
reaction aimed at was a simple one, the ring closure of veratrylnorhydrastinine (analogous 
to laudanosine) by means of an additional carbon atom, supplied as methylal : 


CH, CH, 
O H of HH 
H + CH,O —> we cH, 
Hy, H, 
\*0Me Me 
SF stees OMe 
Veratrylnorhydrastinine Tetrahydroberberine 


Pictet was himself surprised at the supposed result. ‘“‘ Es ist iiberraschend, dasz die 
Methylengruppe des Methylals in Stellung 2 und nicht 6 des Veratrylringes eingreift.”’ 
Various analogues and theoretical considerations, which he mentions, had led him to 
expect that the methylene group would attack position 6, and that one methoxy-group 
would then be in a different position in the final product. ‘‘ Wir erwarteten eigentlich, 
durch vorstehende Reaktion zu einem Tetrahydro-isoberberin zu gelangen.”’ 
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This ring closure in position 6 and the production of an isomeride was indeed realised 
two years later when (with S. Malinowski) he attempted to synthesise corydaline from 
tetrahydropapaverine and acetal : 


CH, CH 


New 
ea " 


H + CH,-CHO H CHMe 
H, Hy 


Come Jone 


OMe OMe 
Tetrahydropapaverine Coralydine Corydaline 


The isomeride of corydaline was named by Pictet coralydine; he attributed the iso- 
merism solely to the different :position of the 3-methoxy-group. Actually there was a 
further difference. The C-methyl group was much later shown by Perkin and Koepfli (J., 
1928, 2990) to be on the side of the molecule opposite to that in which it was supposed 
to be in 1913. However, the position of the methyl groups in coralydine was established 
by oxidation, which yielded only metahemipinic (4 : 5-dimethoxyphthalic) acid from both 
‘rings (A and D), whereas Dobbie and Lauder had obtained from corydaline both meta- 
hemipinic acid (from A) and hemipinic (3 : 4-dimethoxyphthalic) acid (from D). Pictet 
was thus confronted with the question, why in the experiments of Gams aiming at ber- 
berine, methylal reacted with position 2 of ring D, whilst in those of Malinowski, intended 
to produce corydaline, the 6-position was attacked by acetal. In order to test whether this 
remarkable result (bemerkenswerte Konsequenz) was due to a difference in the nature 
of methylal and acetal, he next proceeded to condense tetrahydropapaverine as before, 
but with methylal instead of acetal. The product, norcoralydine, was shown (in colla- 
boration with Tsan Quo Chou, 1916) to furnish only metahemipinic acid, as its homologue 
had done previously. The formation of norcoralydine thus ‘‘ depended again on a con- 
densation in position 6. The cause of the difference in the points of attack of the aliphatic 
radicle does not therefore seem to depend on the nature of this radicle (methylene or 
ethylidene) but rather on the diversity of substituents in the isoquinoline residue ’’ (two 
methoxy-groups in coralydine, a methylenedioxy-group in berberine). Thus, in 1916, 
Pictet came very near to clearing up the discrepancy of the berberine synthesis of five 
years before. (His energies were then, however, already taken up by quite a different 
subject.) It was later shown by Spath and Kruta (Monaish., 1928, 50, 341) that papavero- 
line, with four free phenolic groups, condenses with formaldehyde both in the 2- and in the 
6-position. It would thus seem that in the plant ring closure precedes the methylation 
of the phenolic hydroxyls. 

Two other papers on alkaloids require mention. That by Kay and Pictet (J., 1913, 
103, 947) is the only one he published in our Journal. It was an ambitious and well- 
conceived attempt to prepare a member of the extensive group of aporphine alkaloids, 
which differ from the laudanosine group by a further ring closure through the direct union 
of the two benzene rings A and D. 


CH, 


OF: : oon : = 


—-* 
NO, CH, vy 4 


C 
MeO, Me Me » 
Me Me Me 


Apomorphine dimethyl ether. 
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This union can be brought about by Pschorr’s phenanthrene synthesis, according to 
which a nitro-group in D is reduced, and the resulting amino-group is diazotised. Pictet’s 
pioneer attempt failed because it was found impossible to close ring B to form the re- 
quired nitrobenzyldihydroisoquinoline (second formula). This reaction had been quite 
successful in Pictet’s earlier synthesis of laudanosine, in which, however, methoxy-groups 
made ring A more reactive. He unfortunately chose one of the aporphine alkaloids most 
difficult to synthesise, namely, apomorphine, in which ring A has no substituents to acti- 
vate it. In later years numerous alkaloids of this group were synthesised, by the method 
first indicated by Pictet, but among them apomorphine presented considerable difficulty, 
only overcome by Spath and Hromatka (Ber., 1929, 62, 325) and, following a different 
method, by Avenarius and Pschorr (Ber., 1929, 62, 321). 

Pictet’s last paper relating to alkaloids was an attempt to imitate their genesis in 
plants, and is characteristic of his biochemical speculations. He had come to believe 
that formaldehyde plays a considerable part in this genesis, by condensing with amino- 
acids to form heterocyclic bases, and he thus conceived the idea of hydrolysing casein in 
the presence of methylal which was continuously dropped into the boiling acid solution 
and formed a source of formaldehyde. The resulting mixture, as in many of Pictet’s 
experiments at high temperatures, was very complex. It was worked up by evaporation 
to dryness and distillation with quick lime; a mixture of bases was obtained in a yield 
of 9% of the protein hydrolysed. From it pyridine, isoquinoline and homologues were 
isolated. 

The remainder of Pictet’s publications are almost entirely concerned with non-nitro- 
genous substances. In 1911, together with the berberine synthesis, he published a paper 
on the extraction of powdered coal by means of benzene. The extract amounted to’ 
only 0-1%, but was mostly volatile and yielded a hexahydrofluorene, which could be 
oxidised to a mixture of phthalic, adipic and acetic acids. The small yield induced Pictet 
to distil coal under reduced pressure; a much larger amount (3-5%) of vacuum tar was 
then obtained, which also yielded hydroaromatic hydrocarbons, including the above- 
mentioned hexahydrofluorene. 

It is of some interest to trace a connection between these researches on coal and those 
on alkaloids. The first paper on coal merely mentions a desire to know something about 
the constituents of fossil plants, and does not refer to alkaloids, but Pictet’s friend and 
colleague Cherbuliez is more precise and states in his obituary notice that Pictet was 
curious to know the fate of vegetable alkaloids during fossilisation. This provides an 
ideological link between the two sets of researches. Pictet certainly did not find any 
“ fossil’ alkaloids, but he found interesting substances in vacuum tar, which directly 
or indirectly made him give up his alkaloidal researches for the rest of his life. When in 
1923 the writer asked Pictet why he had abandoned alkaloids, he answered that he had no 
students who could be trusted to work with such expensive substances. 

Pictet’s apparatus for obtaining vacuum tar was, as always, very simple. With a 
cast-iron retort, three water pumps, and some Bunsen burners he obtained 1 kg. of vacuum 
tar from 30 kg. of coal. The tar yielded monocyclic hydroaromatic hydrocarbons, chiefly 
CigHo9 and C,,H,., which were similar to those from Baku petroleum, and apparently 
identical with two hydrocarbons isolated by Mabery from Canadian petroleum. Pictet 
thus established for the first time a chemical connection between coal and petroleum, and 
based on this an argument for the vegetable origin of the latter. Later the hydrocarbon 
C49H_g9 was shown to be almost certainly hexahydrodurene (tetramethylhexahydrobenzene). 

A solid hydrocarbon C3y,Hgy was also obtained, both by extraction of coal and by 
vacuum distillation. It was found to occur also in Galician petroleum and to be identical 
with melene resulting from the destructive distillation of beeswax. The cracking of vacuum 
tar was studied and here aluminium chloride was found to be an active catalyst. Realising 
that this discovery might have technical importance, Pictet took steps to have its practical 
possibilities investigated, but found himself anticipated by patents, recently taken out by 
others. 

The work on vacuum tar occupied Pictet almost exclusively from 1910 to 1916, while 
his ideas on alkaloids were being tested by his students. The vacuum tar constitutes 
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a connecting link between the earlier ‘“‘ alkaloid”’ period and the later researches on 
carbohydrates. The connection with carbohydrates is clear. It was but a step from 
the vacuum distillation of coal to that of one of its precursors, cellulose. In 1918, in the 
first number of the Helvetica Chimica Acta, Pictet and Sarasin reported that the distillation 
of cotton wool under a pressure of 12—15 mm. yielded a semi-crystalline distillate, from 
which they were able to isolate levoglucosan in a yield of 30% of the cellulose employed. 
Levoglucosan is a unimolecular inner anhydride of glucose, and was obtained by Tanret 
(Bull. Soc. chim., 1894, 11, 949) in small quantity in the hydrolysis of the glucosides picein, 
salicin and coniferin by baryta, and by Vongerichten and Miiller (Ber., 1906, 39, 241) by the 
hydrolysis of apiin. It was thus a chemical rarity; it was so named by Tanret, to dis- 
tinguish it from the dextrorotatory amorphous glucosan obtained in 1860 by Gélis on 
heating glucose to 170°. Vongerichten and Miiller later called the substance $-glucosan, 
which name, in spite of Tanret’s priority, has gained currency because the substance was 
ultimately recognised to be an anhydride of B-glucose. 

Pictet’s discovery that a large yield of a crystalline product can be obtained by the 
distillation of cellulose under reduced pressure at once led him to distil a number of other 
natural products such as ovalbumin, sodium stearate, sodium oleate, lignin; these ex- 
periments yielded little of interest. They show in him the enterprising experimenter, 
rather than the calculating theorist. Only certain 6-glucosides gave (like cellulose) an appre- 
ciable yield of $-glucosan (maltose did not), which led Karrer (Helv. Chim. Acta, 1920, 
3, 258) to distil 6-glucose itself, and he obtained from it almost as good a yield of 8-glucosan 
as Pictet did from cellulose. By the action of acetyl chloride Pictet was able to convert 
the glucosan into $-acetochloroglucose, whence it was shown to be an anhydride of £- 
glucose involving the aldehyde carbon atom. He considered it to be a 1 : 6-anhydride, 
which view was confirmed by various authors, and if we adopt the pyranose structure of 
glucose, 8-glucosan has the formula : 
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™ Lzvoglucosan of Tanret; Glucosan of Gélis (1860) ; 
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A consideration of the spatial formula shows that in 8-glucose the hydroxyl groups of 
carbon atoms (1) and (6) are on the same side of the pyranose ring, and thus capable 
of forming an additional oxygen bridge. In a-glucosan there is a 1—2 bridge. 

6-Glucosan, or levoglucosan as Pictet preferred to call it, paying more attention to 
history than to stereochemistry, was the means of his complete conversion to the chemistry 
of carbohydrates. With but trifling exceptions all his subsequent papers are devoted 
to this group. Early on he polymerised levoglucosan by heating it alone at 240°, or better 
in the presence of platinum-black at 180°, and thus obtained an amorphous achroodextrin 
(CgH,90;),. He soon also studied the glucosan of Gélis, and by heating at 150°/14 mm. 
(without distillation) obtained this substance sufficiently pure to be crystallisable from 
methanol. In contradistinction to @-glucosan, the «-isomeride is readily hydrolysed 
to glucose by boiling water ; with hydrogen chloride in methanol it yields a-methylglucoside, 
with concentrated hydrochloric acid an amorphous “‘ chlorure de glucosyle,’’ which acetic 
anhydride converts into «a-acetochloroglucose. By the interaction of this «-glucosyl 
chloride with the potassium derivative of a-glucosan he obtained an amorphous sub- 
stance, Cy,H» 9019, which on boiling with water was hydrolysed to a crystalline sugar, 
C3oH,0,,, closely resembling gentiobiose : 


CgH,,05;Cl + KO-CgH,O, = CgH,,05°O-CgH,O, = CypH 9019 


Cy2H 99919 + H,0 = “19"*42“11 
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The simplicity of this reaction, reminiscent of an ancient synthesis of mixed ethers, 
was quite characteristic of Pietet. Having obtained crystalline anhydrides of both forms 
of glucose, he tried to do the same with other sugars; levulose (with J. Reilly), 
galactose, maltose, and lactose yielded only amorphous anhydrides which could not be 
distilled and were readily hydrolysed by boiling water. Synthetic experiments were 
therefore mainly conducted with the two glucosans. The effect of pressure on the polymeri- 
sation of levoglucosan was studied with zinc chloride as condensing agent. Under re- 
duced pressure a sweet crystalline non-reducing dimeric product was obtained, under 
atmospheric pressure an amorphous tetraglucosan, ‘which yielded a crystalline acetate, 
at 4-6 atmospheres a hexaglucosan, at 13-3 atmospheres an octaglucosan. The latter 
products were all amorphous and were fractionally dialysed. This investigation is chiefly 
interesting for the ingeniously simple, almost naive, way in which Pictet obtained the 
above pressures. He merely heated levoglucosan with a little zinc chloride and some 
benzene in a sealed tube to 140°, at which temperature the vapour pressure of benzene is 
4-6 atmospheres; similarly ether gave him 13-3 atmospheres. According to Irvine and 
Oldham (J., 1925, 127, 2903) pressure does not determine the nature of the products, which 
in any case have no close relationship to starch. By partial hydrolysis of «-diglucosan 
Pictet obtained an amorphous disaccharide, yielding a crystalline octa-acetate and not 
identical with trehalose. 

A counterpart to these polymerisation experiments was the depolymerisation of starch 

by heating in glycerol. Here again nothing was obtained 
| Grocu HOH analogous to the crystalline amyloses resulting from the action 


H-0-CH, of Bacillus macerans on starch. Hoping to obtain a mono- 

OQ CH-OH amylose, Pictet pushed the depolymerisation to its extreme 
CH-OH limit, by heating starch with glycerol to 200—210°, and obtained 

H instead a crystalline non-reducing anhydride of glucose and 
CH,-OH glycerol, C,H,,0,. This substance was also formed by heating 


glucose with glycerol to 165°. Pictet suggested the annexed 
constitution. 

So much had Pictet become absorbed in the chemistry of sugars that he devised a 
new method for lengthening their carbon chains, by addition of nitromethane to the 
aldehyde group. Reduction, followed by treatment with nitrous acid, then furnished the 
next higher alcohol. In this way he converted glycollaldehyde into glycerol, glucose into 
glucoheptitol. He had not yet synthesised a natural disaccharide, but in 1926 (with 
Georg) he made the observation that in the condensation of glucose with hydrochloric 
acid to isomaltose, according to Fischer, some 3% of gentiobiose is formed. Very soon 
afterwards a much more elaborate synthesis of the same sugar was published by Helferich, 
Bauerlein, and Wiegand (Amnalen, 1926, 447, 27) and afforded an insight into its con- 
stitution. Gentiobiose and melibiose are two rather aberrant disaccharides in which a 
glucose residue is joined by its 6-carbon atom to the aldehyde carbon atom of either 
glucose (in gentiobiose) or galactose (in melibiose). The observation (made with Georg), 
that small quantities of the former sugar are formed from glucose and hydrochloric acid, 
led Pictet to attempt also the synthesis of the latter sugar. Glucose was converted into 
a-glucosan and this by zinc chloride into a-diglucosan. Similarly digalactosan was pre- 
pared, and the mixture of the two, on heating with zinc chloride at 150°/15 mm., furnished 
a product which, on hydrolysis by concentrated hydrochloric acid in the cold, yielded 
crystalline melibiose. This and all subsequent syntheses of disaccharides were carried 
out in conjunction with H. Vogel. They were all done in a simple manner. For in- 
stance, a mixture of «- and 6-glucose was heated at 160°/15 mm. and after long fraction- 
ation from alcohol, of the sugars and of their mixed acetyl derivatives, octa-acetylmaltose 
was isolated in a yield of 5% of the glucose employed. Sucrose and galactose in the same 
way gave 1% of raffinose. Finally Pictet and Vogel tackled the still more formidable 
synthesis of cane sugar. They realised that since the fructose occurs in this sugar as 
y-fructose, of the furanose series, and since ordinary fructose is a pyranose, they required 
acetyl y-fructose; hence they acetylated fructose and separated the crystalline tetra- 
acetyl pyranose from a syrup which they regarded as the tetra-acetyl derivative of the 
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furanose form, believed to be in equilibrium with the pyranose. The syrupy acetyl de- 
rivative was condensed in chloroform solution with tetra-acetyl glucopyranose in the 


presence of phosphoric oxide : 
AcO-CH—CH:OAc 


AcO-CH CH \tH-0Ac AcO»CH—CH:OAc 


H-CH,*OAc 
H,°OAc 

Since various sugar chemists could not repeat this synthesis (published in 1928), 
Pictet announced in 1930 that he intended to re-investigate it and supply further details. 
He was unsuccessful; his health declined; he requested a former collaborator, Alfred 
Georg, to continue the attempt. In 1933 the latter reported unsuccessful experiments 
in considerable detail. He believed that some sucrose is formed, but he could not himself 
isolate it from the reaction mixture. To this paper by Georg is appended one by Pictet. 
He entirely agrees with Georg’s results; he reports the isolation of a minute quantity of 
a copper compound, the melting point of which was not depressed by the copper complex 
of sucrose. In effect this, Pictet’s last paper, is a withdrawal of earlier claims, at best 
exaggerated, and is to his lasting credit. 

It is impossible to say of what error Pictet became the victim during his experiments 
with Vogel, but it is safe to assume that the inability of himself and others to repeat these 
experiments saddened the last years of his life. It might almost be argued that the large 
yield of levoglucosan, which he so unexpectedly obtained in 1918, was in fact a misfortune, 
for it led him into a field abounding in subtleties, and requiring an elaboration of technique, 
very different from the simple methods which so well illustrated his genius. Lzvoglucosan 
brought misfortune in its train; his experimental career ended with a great disappoint- 
ment. Shortly before his death he still clung to the hope that some day the discovery of 
a suitable catalyst would clear up the mystery. 


As mentioned above, Pictet was appointed extraordinary professor of organic chemistry 
in 1894. On thedeath in 1899 of his former teacher Monnier, he became ordinary professor 
of pharmaceutical, biological and toxicological chemistry, and as such had pharmacists 
among his pupils, who assisted him in his nicotine work. In 1906, when Graebe returned 
to Germany, Pictet was transferred to the chair of general (organic and inorganic) chemistry 
and became director of the laboratories. From this chair he retired in 1932 on attaining 
the age limit of 75. He died on March 11th, 1937, nearly 80 years of age. 

Reference must still be made to Pictet as an organiser of scientific endeavour. His 
secretaryship of the Geneva congress of 1892 has already been mentioned; the work 
of this congress was again taken up by the International Union of Pure and Applied 
Chemistry, founded in 1919. Pictet was chairman of the Swiss national council from 
1925 to 1930, and frequently attended the meetings of the Union abroad. Thus he was 
present at the Cambridge meeting of 1923, during a rare visit to this country; he was 
much more at home in Paris, where he represented Switzerland on various occasions, 
notably at the Berthelot centenary in 1927. In his own country he often took the lead 
in scientific matters; thus he was one of the four founders of the Swiss Chemical Society 
(1901) and regularly published accounts of its meetings and lists of Swiss chemical publica- 
tions in the Archives des Sciences physiques et naturelles de Genéve, with which venerable 
journal he was closely associated. It was he who devised the name Helvetica Chimica 
Acta (with the stress on Helvetica), when the chemical society of his trilingual country 
decided in 1918 to start a journal of its own, and in the Acta he henceforth published 
all his papers. Previously they had mostly appeared in the German Berichte, in a language 
with which he was familiar since his student days. His papers are distinguished by brevity 
and clarity, and those written in French show a great regard for literary style. It has 
been said that in this respect no one approached so nearly to the famous Wiirtz. 
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Education and social environment gave to Amé Pictet an air of natural distinction, 
to which he joined a rare simplicity of character. His assured position made him free 
from the suspicions which might have assailed other minds. To those who did not know 
him well, he seemed to be reserved, almost cold. In the laboratory and in public he was 
always perfectly correct, in dress, in speech, in manner. At home the amiable host would 
unbend to his student-guests. His language was very clear, simple, le mot juste ; these 
characteristics were also clearly reproduced in his handwriting. 

In conversation annoyance showed itself only by an impatient look, a dry tone of 
voice, not by words, unless a certain limit had been exceeded, and then his anger or disdain 
would be expressed coolly, by a remark of the utmost severity. He did not suffer fools 
gladly and the indolent were worse than fools. He abhorred laziness, being a great worker 
himself. During the first winter after his succession to Graebe, he regularly rose at five 
o’clock in order to prepare his daily lecture on inorganic chemistry, with which, at the 
age of 49, he had become less familiar. Few interests competed with chemistry. He was 
fond of travel and of music, he collected stamps, but these minor interests occupied little 
of his time. His talk with collaborators was largely of chemistry and the affairs of the 
laboratory : Emil Fischer was the greatest of all chemists; one should never use logarithms, 
they were wrong by definition; Werner’s theory of hydrates was all very well, but... . 
To remarks of this kind which he was in the habit of making, his students could make 
no reply. 

Pictet was a patriotic Swiss who, like most of his French-speaking countrymen, had a 
great sympathy for France; yet his knowledge of other countries made him free from 
any trace of insularity. He loved his Paris, the French mode of life, and in particular, 
French cookery; indeed, he was said to be both gourmet and gourmand, perhaps only 
because in old age gout forced him to drive to his laboratory. Although he had ample 
private means, he was reputed to be close-fisted; he insisted on economy in the laboratory 
and was apt to complain of the cost of research. This parsimony was, however, a mere 
affectation; privately, very discreetly, he often gave generous aid to poor students, and 
he did much to alleviate the distress of an aged colleague, made penniless by post-war 
inflation. 

Pictet was the recipient of many honours: corresponding member of the Académie 
des Sciences, 1922; honorary member of many societies (French chemical 1921, our own 
1923); on him were conferred honorary degrees (Cambridge 1923, Brussels 1930) and 
many other distinctions. In 1927 his 70th birthday was the occasion for a great inter- 
national celebration. 

Amé Pictet was no chemical giant. No fundamental theory, no new class of sub- 
stances or general reaction is associated with his name, which remains unknown to ele- 
meniary students of chemistry. Yet he stood out in the last generation, by his classical 
syntheses of nicotine, of laudanosine, of papaverine, and by his discovery of vacuum tar. 
He was an interesting personality, a link between French and German chemistry, a 
remarkable man. It is indeed fitting that we should do honour to his memory. 
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OBITUARY NOTICES. 


ERNEST GOULDING. 
1870—1938. 


Dr. GouLpInG died in London on February 15th, 1938, after an operation. He was born 
in London, and educated at Tollington Park College. After serving an apprenticeship in 
the Moorgate Street pharmacy of Mr. J. M. Wyborn, F.C.S., he was a successful candidate 
for a Jacob Bell Scholarship and in 1892 entered the Pharmaceutical Society’s College, where 
he acquired his diploma as a pharmaceutical chemist in the following year. He 
matriculated at London University in 1894, took his B.Sc. degree in 1898 and the D.Sc. 
degree in 1903. He became an Associate of the Institute of Chemistry in 1899 and a 
Fellow in 1902. At his death he had been a Fellow of our Society for 40 years. He served 
as an abstractor from 1900—1918. 

Goulding began research work in the Pharmaceutical Society’s Research Laboratories 
in 1893 and remained there until 1896, when he joined the staff of the Scientific and 
Technical Department of the Imperial Institute, under the direction of Professor (now Sir) 
Wyndham Dunstan, with whom he published nine papers in the Proceedings or Transactions 
of the Chemical Society during the period 1894—1901. Seven of these dealt with 
derivatives of hydroxylamine and established a number of interesting points. Among 
these mention may be made of the preparation of the first amine oxide, viz., trimethylamine 
oxide, which in recent years has acquired biological interest as a product of animal 
metabolism, and is of special importance as the prototype of a group of substances which 
undergo reactions of peculiar chemical interest. An outstanding example of their 
application is Haworth and Perkin’s oxidation of anhydromethylcanadine to the amine 
oxide and isomerisation of the latter to 8-homochelidonine, a process subsequently applied 
by the same authors to the synthesis of the allied alkaloids cryptopine and protopine. 
Goulding was also associated with Dunstan in determining the constitution of methazonic 
acid and in work on the mechanism of the formation of tsooxazoles by the action of alkalis on 
nitroparaffins. 

Like all his colleagues, Goulding gradually became immersed in the main task of the 
Imperial Institute, which was to make itself a centre of information regarding the raw 
materials of the Empire. He specialised at first on plants yielding essential oils, on which 
he published a series of papers beginning with his thesis on the oil of Cinnamomum 
pedatinervium bark in 1903. He was also responsible with Mr. F. W. Barwick for work on 
textile fibres and it was this subject which occupied the rest of his working life. From 1903 
onwards hundreds of samples of cotton from British Tropical Dependencies were examined 
as a result of pioneer efforts to establish an Imperial supply of this raw material, of a quality 
suitable for use in this country. After the war there was less demand from the Institute 
for work on cotton owing to the installation of the magnificently equipped Shirley Institute 
by the British Cotton Industry Research Association in 1919, and the establishment two 
years later of the Empire Cotton Growing Corporation. 

It was also Goulding’s duty to deal with long fibres such as flax, jute, hemps of various 
kinds, and similar materials used for coarse textiles and cordage and after 1919 he was 
chiefly concerned with products of this kind and acted as Secretary of the Vegetable Fibres 
Committee of the Imperial Institute. 

Goulding was of a singularly modest disposition and never made any parade of his 
remarkable fund of information on fibres, and it was a source of satisfaction to his friends 
that in 1936, shortly after his retirement from his post as Vice-Principal (Investigations) of 
the Plant and Animal Products Department of the Imperial Institute, he was invited to give 
the Mather Lecture of the Textile Institute and selected as his subject ‘‘ Textile Fibres of 
Vegetable Origin: Forty Years of Investigation at the Imperial Institute.’’ The lecture 
was published in the quarterly Bulletin of the Imperial Institute and gives an admirable 
summary of the large amount of work accomplished from 1896—1936, of which details 
will be found in the numerous reports published in the same Bulletin from 1903 onwards. 
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He found time to take an interest in Esperanto and to cultivate a taste for music, 
especially church music. He was a staunch Churchman all his life and for more than a 
quarter of a century served as Vicar’s Warden at St. Cuthberts, Chitts Hill, and as a Lay 
Reader for almost as long, and it was characteristic of him to end his Mather lecture with a 
quotation from the Gospel of St. John. 

Goulding will be best remembered by his colleagues and the numerous friends he made 
among colonial technical officials, for his cheerful outlook on life and his unfailing courtesy. 
No matter how busy he might be he was always ready to deal with enquirers, and only those 
who have done duty in any kind of institution functioning as a place of public enquiry 
know how trying some seekers after truth can be. 

Goulding was married twice; in 1905 to Charlotte, daughter of the late William Larney 
of Finsbury Park, who died in 1907, and in 1909 to Kathleen Irvine, elder daughter of 
Nathaniel Irvine Hawkes of Crich, Derbyshire, who survives him with an only son. 

T. A. HENRY. 








CEDRIC WILLIAM JACOB. 
1889—1937. 


Captain C. W. JAcoB died at his home, Merle Dene, Bidston, on October 15th, 1937, at the 
age of 48. Theson ofthe late Alderman A. E. Jacob, a former M.P. for a Liverpool division, 
he was a Director of W. and R. Jacob and Co. Ltd., Dublin, of W. and R. Jacob and Co. 
(Liverpool) Ltd., and of the Liverpool Gas Company. He was well known in Liverpool 
public life, being a Trustee of the Bluecoat School, a Vice President of the Union of 
Manufacturers, and President of the Shipping Football League. 

Jacob was born in Liverpool, and was educated at Clifton College, and Géttingen 
University, where he studied chemistry. After world-wide travels, he served in the war 
with the 12th Battalion of the King’s (Liverpool) Regiment, and was awarded the French 
Medal of Honour. When invalided from his battalion, he was transferred to Head-Quarters 
Staff as a liaison officer, where his knowledge of European languages proved of great value. 

His post-war energies were directed chiefly to the welfare of ex-servicemen and to the 
re-organisation and expansion of the Liverpool Factory of his Company. Here, his 
technical knowledge, shrewd appreciation of the nature of manufacturing problems, sound 
commercial judgment, capacity for staff control, and habit of quick decision led to great 
advances in technique and output. From his visits to the United States and to the 
Continent he brought back much that was new in machinery and method. 

He leaves a widow, a son, and three daughters. His wide circle of friends will long 
remember his great qualities and immense capacity for friendship. F. S. THURSTON. 





WILLIAM JAGO. 
1853—1938. 


WILLIAM JAGO, doyen of cereal chemistry, died at Hove on March 28th, 1938, aged 85, after 
an outstanding career largely devoted to the application of chemistry to industry. He 
had survived the majority of his famous contemporaries, but to the end he was vigorous 
and continued to take a keen interest both in professional matters and in the municipal 
affairs of Hove. 

Jago was born in Cornwall and was educated at Truro School. Later he proceeded to 
the Royal College of Chemistry and the Royal School of Mines, where he studied under 
Edward Frankland. One of his early posts was that of Headmaster of the School of 
Science, Brighton, and shortly after this he interested himself first with scientific problems 
connected with brewing and then with the chemistry of breadmaking. It was in the latter 
field that he became well known, although many of the older chemists will recall that their 
introduction to the subject of chemistry was from Jago’s popular textbooks on Elementary 
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and Advanced Inorganic Chemistry. Jago’s “little red book ” was a recognised text-book 
for teaching chemistry in many schools. 

Cereal chemistry owes a great deal to him, and his work is quoted and will be quoted for 
years to come the world over by all those who are studying cereal problems. His first 
book on this subject ‘‘ The Chemistry of Wheat, Flour and Bread,” was published in 1886, 
but his main work was the ‘‘ Technology of Bread-Making,”’ 1911, which he wrote jointly 
with his son, William Claude Jago. He, probably more than anyone else, was responsible 
for the proper application of science to breadmaking and a great deal of the research work 
which is still being done is really only a direct continuation of the work commenced by him. 

As an expert witness, Jago attained some reputation in the courts, but he was not 
satisfied with this and he studied for and was called to the Bar in 1904. In 1909, he 
published a further work entitled “‘ Forensic Chemistry and Chemical Evidence.” 

Besides these striking achievements in the world of science, Jago found time to interest 
himself in the municipal affairs of Hove. He was, for many years, an important member 
of Hove Borough Council and was Mayor from 1922 to 1925. While many in Hove may 
know little of his scientific achievements, they appreciated the work Alderman Jago 
did for their home town. 

In view of these attainments it is not surprising that Jago had an outstanding 
personality. Although he always held definite views and was a determined opponent, he 
had that cheerful type of personality which endeared him to all with whom he came 
into contact. The writer, who was in touch with him for a long period, can testify to the 
help and kindness he gave to all of the rising generation of chemists whom he met. 

His death has been regretted by numerous friends throughout the world, as is instanced 
by a large number of letters which have been received by those who were associated with 
him. He remained vigorous to the end and it is some consolation to know that he passed 
away quietly in his sleep. His name and work, especially that connected with the bread- 
making industry, will be remembered with appreciation for generations. 

He was elected a Fellow of the Chemical Society on May 16th, 1878. 

D. W. KENT-JONES. 





ARTHUR PEARSON LUFF. 
1856—1938. 


THE announcement of the death of Dr. A. P. Luff on May Ist, 1938, at the age of 82 was 
received with great sorrow and regret by his many friends and former colleagues and pupils. 

Luff had a unique and distinguished career. Before taking up the career of medicine, 
which was his ultimate ambition, he had the great advantage of a sound preliminary 
training in science and pharmacy and was well known as an accomplished lecturer and 
research worker in chemistry. He was a student of the Royal College of Science and 
obtained the B.Sc.Lond. in 1883. 

Luff, in 1873, gained the Jacob Bell Memorial Scholarship of the Pharmaceutical Society 
of Great Britain and from this time up to gaining his medical qualification in 1886 was 
actively engaged in teaching and research in chemistry and pharmacology. 

He was elected a Fellow of the Chemical Society on February 15th, 1877, and published 
several research papers in the Journal of the Society, amongst which was an important 
joint contribution with the late Professor C. R. Alder Wright, F.R.S., on the constitution of 
morphine and its derivatives. For his researches in pharmacology he was awarded the 
Pereira Medal of the Pharmaceutical Society. 

In 1883 Luff joined St. Mary’s Hospital Medical School. His student career was 
distinguished by the gaining of an Entrance Science Scholarship and many of the School 
prizes, and at the University of London M.B. Examinations he obtained honours in 
medicine, forensic medicine, physiology, organic chemistry, and materia medica. 

He passed the L.S.A. and M.R.C.S.Eng. in 1886 and the M.B.Lond. in 1887. His 
great abilities were immediately recognised by the Staff of St. Mary’s Hospital Medical 
School, for Luff had the unprecedented distinction of being appointed Lecturer in Forensic 
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Medicine and Toxicology in 1887, in the same year as taking his M.B. degree. He held 
this post until 1908. In 1890 he succeeded the late Sir Shirley Murphy as Lecturer on 
Hygiene and Public Health and filled this post for 12 years. 

Luff was undoubtedly one of the most brilliant lecturers of his day on these subjects. 
The material of the lecture was most carefully selected from the point of view of its 
practical importance, so that the ground was covered in the relatively short course allotted 
to these subjects. The essentials of forensic medicine and hygiene were so clearly 
expounded and illustrated by diagrams and specimens that students obtained a sound 
knowledge of the subject quite apart from any reference to text books. 

Luff published an excellent “ Manual of Chemistry for Medical Students,” which was 
very popular and has gone through many editions. His text book on forensic medicine 
(2 vols.), like his lectures, a clearly and concisely expounded and admirably illustrated work, 
was in popular use by students for many years. 

Luff did yeoman service to St. Mary’s Hospital Medical School in those years before 
Government aid was granted to medical education and when the schools were largely 
dependent on the voluntary efforts of members of the Hospital Staffs. 

Luff was appointed Physician to Out-Patients in 1890 and in 1905 became full 
Physician, retiring in 1913. 

He was elected F.R.C.P.(Lond.) in 1896 and in 1897 was appointed Goulstonian 
Lecturer. In 1898 he published “‘ Gout, its Pathology and Treatment,” a book which 
for some years had a wide circulation on account of its valuable assistance to medical 
practitioners, and which contained the subject matter of his Goulstonian lectures. 

Luff in his medical practice specialised on gout and rheumatic diseases. His great 
practical knowledge of therapeutics enabled him to deal effectively with those painful 
conditions, so that he established a great reputation and his advice and help were much 
sought after by medical practitioners. He had for many years a very large consulting 
practice, and he possessed in a remarkable degree the faculty of establishing the confidence 
and appreciation of his patients, who loyally sought his advice until his retirement. 

Luff published many papers on gout and rheumatic conditioris and was one of the first 
to call the attention of the medical profession to the many manifestations of the conditions 
allied to rheumatism which are classified under the term “ fibrositis.’””’ In 1913 he gave the 
Harveian Lecture to the Harveian Society of London on “ The Various Forms of Fibrositis 
and their Treatment.” 

Luff’s special ‘scientific attainments in analytical chemistry and toxicology were 
recognised by the Home Office, from whom he held the appointment of Scientific Analyst 
from 1892—1908. During this period he was colleague of that great toxicologist, the late 
Sir Thomas Stevenson, and he played a prominent part in many noted criminal poisoning 
cases, the last one in which he gave evidence being the Crippen case. 

In the beer poisoning epidemic in the North of England in 1900, which was found to be 
due to arsenical poisoning, Luff, in conjunction with Sir Thomas Stevenson and Prof. 
Dixon Mann, played an important part in the investigation of the cause of the epidemic. 

Luff was much sought after in medico-legal cases, both civil and criminal. His 
capacity of clear exposition and imperturbability, and knowledge of legal procedure made 
him a powerful and excellent witness whose evidence always carried great weight. 

Luff performed so many important public duties that it is impossible to mention more 
than a very few. He was a member of the ‘‘ Departmental Committee on Preservatives 
and Colouring Matter in Foods”’ in 1923. He was Examiner in Forensic Medicine and 
Public Health at various times for the University of London, the Royal College of 
Physicians and the Victoria University. 

He was a member of the committee on “‘ The Cause and Treatment of Arthritis and 
Allied Conditions ’’ of the British Medical Association (1931—1933). He retained his 
interest in medicine after his retirement and during the last ten years acted as Honorary 
Director of Collective Investigation for the British Medical Association, carrying out 
valuable statistical work on varicose ulceration, gastro-enterostomy operations, and 
cancer of the breast, etc. 

During the War Luff was attached as Lieut.-Col. R.A.M.C.(T.) to the 3rd London General 
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Hospital, and performed his military duties with that conscientious carefulness, ability 
and punctuality which were characteristic of him throughout his civil career. He was 
mentioned in dispatches and awarded the C.B.E. 

Luff married in 1893 Miss Amy A. Leon, who always keenly co-operated with him 
in his devoted work and support of St. Mary’s Hospital. 

The deep sympathy of his many friends and colleagues is tendered towards Mrs. Luff, 
her son, and her daughter, Dr. Mary Luff. WILLIAM HENRY WILLCOx. 





JAMES ERNEST MARSH. 
1860—1938. 


By the death of James Ernest Marsh on April 15th, 1938, the Chemical Society lost one of 
its older Fellows, for he was elected on February 15th, 1883. The arinouncement of his 
death would be read with real sorrow by many old friends, and the large number of medical 
students who passed through his classes in organic chemistry and materia medica will 
recall with sadness his dapper figure, immaculately dressed, and his smiling, courteous 
manner. 

Marsh was born on July 5th, 1860, and was a son of John Marsh, J.P., and Charlotte 
Marsh of “‘ Rann Lea’’, Rainhill, Lancashire. He was educated at Rugby, where he 
gained a scholarship, and subsequently at Balliol College, Oxford, under the late Professor 
H. B. Dixon, F.R.S., from 1879—1882. Marsh came out Head of his year and was placed 
in the first class in the Final Honours Schools. He took his B.A. degree in 1882 and his 
M.A. in 1891. After taking his degree in Oxford, he spent a year (1882—1883) in Professor 
Kekulé’s laboratory in Bonn. Subsequently, in 1893, he spent a year in Paris, partly in 
the laboratory of Professor Friedel, studying materia medica, during which period the 
writer deputised for him in Oxford. Marsh’s first appointment was that of science master 
at Exeter School, but at the beginning of the Michaelmas term 1885, he was appointed by 
Professor Odling a Demonstrator in the University Museum, a status he enjoyed until his 
retirement in 1930. During the period 1893—1897 he held, in addition to his demonstrator- 
ship, the post of Lecturer in materia medica, succeeding Professor W. R. Dunstan, F.R.S. 
This lectureship was abolished owing to changes in the medical curriculum. Marsh was 
elected a Fellow of Merton College in 1906, a Fellowship which he held until his retirement. 
He was also Lecturer and Tutor of Exeter College. In 1906 Marsh was elected a Fellow 
of the Royal Society. During his academic career Marsh acted from time to time as 
examiner in the Final Honours School of Natural Sciences, and in various medical 
examinations of the London University. 

On September 25th, 1903, he married Lavinia, daughter of Mr. J. E. Painton, by whom 
he had five daughters, and who survives him. 

After his appointment as Demonstrator of organic chemistry at the Museum, Oxford, 
Marsh devoted his energies to teaching and research. A man of original mind, he seems 
to have preferred pioneer work in more or less new fields. 

His first paper, with Odling, on some zenoene or diphenyl products and their reactions 
was published in the British Association Reports for 1887. In 1889 he wrote in the 
Philosophical Magazine on van ’t Hoff’s hypothesis and the constitution of benzene. Marsh 
was evidently much interested in this (then) new development of chemical theory, for it 
influenced much of his subsequent work. In 1889 (J., 75, 656) G. J. Burch and J. E. Marsh 
published a preliminary paper on “ Dissociation of amine vapours”’, dealing with the 
valency of nitrogen and the possibility of stereoisomerism due to nitrogen, but this physical 
work was not continued. 

Marsh’s first important paper was published in the Proc. Roy. Soc., 1889/90, 47, 6, 
entitled “‘ Researches on the chemistry of the camphoric acids.’’ In this he described the 
preparation of camphoryl chloride from ordinary d-camphoric acid. This on treatment 
with water produced camphoric anhydride and a new acid, /-camphoric acid, m. p. 170° 
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and [a]) — 48-09.° This /-acid formed no anhydride and was unaffected by treatment with 
acetyl chloride, whereas the dextro-acid was quantitatively converted into the anhydride. 
On distillation this levo-acid was partially converted into the anhydride of the dextro-acid. 
It was different from the levo-acid obtained by Chautard by the oxidation of /-camphor, 
which corresponded in every respect, except rotation, with d-camphoric acid. When 
concentrated alcoholic solutions of the two were mixed, a precipitation of crystals and a 
rise in temperature took place. This did not happen with Marsh’s acid. Marsh regarded 
his levo-acid as of the type of fumaric acid or trans-, while the other two acids are of the 
maleic acid or cis-type. He predicted the existence of a second dextro-acid of a ¢vans-type. 
He described the inactive acid formed by mixing the two cis-acids and predicted another 
obtainable by mixing his new levo-acid with the yet unknown trans-dextro-acid. The 
old, so-called, mesocamphoric acid was shown to be a mixture of cis-dextro- and trans-levo- 
acids, and was not a definite compound, so could be readily separated into its constituents. 
This early work of Marsh, neither at the time nor since, received the recognition it 
deserved. In this paper Marsh also described chlorocamphoryl chloride, from which he 
obtained in good yield chlorocamphoric anhydride, which by prolonged boiling with water 
gave camphanic acid, C,)H,,0, (J.,-1896, 69, 82). This was “‘ rediscovered ”’ much later 
by Aschan. 

Early in 1891 Marsh published in the Clarendon Press series a useful little volume 
entitled ‘‘ Chemistry in Space.’’ This was a translation from Professor J. H. van ’t Hoff’s 
‘‘ Dix Années dans ]’Histoire d’une Théorie.”” This book was in fact a very considerable 
extension of the French edition, though Marsh with characteristic modesty states in his 
preface that whatever merit it may possess in that respect is chiefly due to the invaluable 
assistance and advice which he has received from the author. 

In 1890 he gave an account of a new monobromocamphor (J., 1890, 57, 828) and 
explained the existence of this iso-monobromocamphor by the assumption that the a- 
substitution products of camphor may exist in stereochemically different forms. Starting 
from some work by Marsh and R. Stockdale on the production of camphor from turpentine 
(J., 1890), Marsh and J. A. Gardner began work on the mode of preparation of camphene 
and its properties. Their results are-embodied in a series of papers “‘On Camphene ” 
(J., 1891, 59, 648), ‘On Turpentine” (ibid., p. 725), ‘‘On Phosphorus Derivatives of 
Camphene ”’ (J., 1894, 65, 35), and “‘ On Products of Oxidation of Camphene, Camphoic Acid 
and its Derivatives’ (J., 1896, 69, 74). They found that camphene on oxidation with 
nitric acid gave a tribasic acid, C,gH,,4O,, of the malonic acid type, which they named 
camphoic acid. This on dehydration with acetyl chloride gave a monobasic acid, anhydro- 
camphoic acid, C,)H,,0;. This could be easily hydrolysed to camphoic acid, but when 
heated above its melting point lost carbon dioxide quantitatively and formed camphopyric 
anhydride, C,H,,0;. This yielded cis-camphopyric acid, C,H,,0,. This cis-camphopyric 
acid was also obtained directly from camphoic by heating just above its melting point. By 
treatment with phosphorus pentachloride, camphopyryl chloride was prepared. This on 
treatment with water behaved differently from camphoryl chloride and yielded a meso- 
camphopyric acid, which by treatment with acetyl chloride could be separated into the 
anhydride of the cis-acid, leaving the trans-camphopyric acid unchanged. By use of excess 
of phosphorus pentachloride and a higher temperature chlorocamphopyryl chloride was 
obtained and hence chlorocamphopyric acid. On reduction with hydrogen iodide 
camphopyric acid yielded hexahydroxylene. They found that camphene, except with 
hydrogen chloride, underwent substitution rather than addition by the action of reagents. 
By the action of phosphorus pentachloride on camphene in the cold there was no evolution 
of hydrogen chloride, but a substitution derivative, C,)H,,Cl,P, was formed, from which 
they prepared beautifully crystalline «-camphenephosphonic acid, 2C,)H,,*PO,;H, + H,O, 
and 6-camphenephosphonic acid, C,)H,;*PO,;H,. The «-acid at 100° lost two molecules of 
water and gave (C,)H,;*PO-OH),0. Phosphonic acids from different camphenes differed 
in rotatory power without apparently differing in chemical properties. By the action of 
phosphorus pentachloride at a higher temperature, C,)H,,Cl*PCl, was obtained and from 
this, chlorophosphonic acid. 

Marsh held rather heterodox views on the constitution of camphor and strongly 
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criticised the formula proposed by Bredt and similar modifications. He proposed for 
camphor and camphoric acid the formule 


« me 
cf, CH-CH CH, \CH-CO,H 
*>CO and 
CHyCH CH-CH,” ~~ CH,CH CH-CH,:CO,H 


fl Nit 


The most probable view of the constitution of camphoic acid seemed to him to represent it 
as a hexamethylene ring with the two carboxyl groups replacing hydrogen attached to the 
same carbon atom and one carboxyl group replacing hydrogen attached to an adjacent 
carbon atom. To derive the foregoing formule for camphor and camphoic acid from 
camphene we have to explain the six-carbon and five-carbon rings of camphor and the 
six-carbon ring of camphoic acid, which Marsh and Gardner maintained is necessarily 
different from the six-carbon ring in camphor and in camphoric acid. We have then in 
camphene a pentamethylene ring and two different hexamethylene rings. They had there- 
fore to give to camphene a tridimensional formula, in which the atoms are not regarded as 
situated in a plane, but on the surface of a sphere. Such a formula may be regarded as 
derived from triply linked carbon atoms in the same way that Baeyer represented cyclic 
formule as derived from doubly linked carbon atoms, as, for example, his comparison of the 
hexahydroterephthalic acids with fumaric and maleic acids. The formula proposed for 
camphene was derived from the triple hexamethylene spheric formula by interposing in ° 
one ring a bridge link of one carbon atom. They maintained that the suggested formule 
accounted for the principal facts relating to the terpene and camphor group. Further 
support for their views was brought forward in a paper on “‘ Halogen Derivatives of 
Camphor and their Reactions ”’ (J., 1897, 71, 285), in which a- and $-tribromocamphene 
hydrobromides, tribromocamphene, a- and @-chlorocamphene hydrochlorides and chloro- 
camphene were described. They found that chlorocamphene was acted on by concentrated 
sulphuric acid, giving, in good yield, a substance which they regarded as hydroxycamphene 
or camphenol. This behaved as a tertiary alcohol. Its properties were more closely 
examined by Marsh and Hartridge (J., 1898, 73, 855), who found that it was not a true 
substitution derivative of camphene, but bore a close relation to carvacrol. By the action 
of phosphorus pentachloride it was converted into chlorocymene (CH; : Cl: CsH, = 1:2: 4), 
and by benzoyl chloride into ~-cymene. They renamed it carvenol, and described its 
reduction product carvanol, C,)>H,0, and the corresponding ketonic carvanone, C,)H,,0. 
The formule suggested differed from those of their respective isomerides, menthol and 
menthone, in the position of the CH*OH and CO groups, which in these are attached to the 
carbon atom adjacent to the isopropyl group. The carvenol is a dihydrocarvacrol with two 
double linkages: the position of one of these, owing to the tautomeric nature of carvenol, 
is adjacent to the C(OH) group on one side or the other. Marsh next found that when 
fenchone is warmed with concentrated sulphuric acid, acetylxylene (CH,;:CH,;:Ac = 
1: 2:4) is formed practically quantitatively (J., 1899, 75, 1058), a finding difficult to 
reconcile with the formula of fenchone, based on Bredt’s camphor formula, proposed 
independently by Wallach and by Gardner and Cockburn. Marsh remarks “ I have from 
time to time ventured to criticise some of the formule proposed for members of the terpene 
group, partly on the ground that they do not account for the derivatives of benzene which 
are obtained from them by comparatively simple reactions. Nor does it seem to me 
obvious why it ‘should be regarded a sounder principle to base the constitution of closed 
chain compounds such as the terpenes on the products obtained by breaking down their 
cyclic structure, than on those products in which a ring remains.” 

In 1905 Marsh and Struthers (J., 87, 1878) published an interesting paper on the 
condensation of ketones with mercury cyanide. They found that a solution of mercury 
cyanide in caustic soda or in alcoholic sodium ethoxide forms a delicate test for small 
quantities of acetone: 0-0005 gram of acetone gives a precipitate at once in about 25 c.c. of 
solution. The test can be applied to acetone in the presence of alcohol, when the iodoform 
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test is inapplicable. The compound has the composition C;H,ON,Hg;. Later (J., 1909, 
96, 1778) they obtained similar derivatives of other ketones, but only with those which 
have a methyl group attached to the carbonyl. By using mercuric iodide instead of 
cyanide, mercury derivatives of other ketones are obtained, provided the ketones contain 
hydrogen in the «-position with respect to the carbonyl group. 

In this way they prepared mercury derivatives of acetone, acetophenone, diethyl ketone 
and camphor, but not fenchone. They subjected camphor to the action of mercuric iodide 
in the presence of an alcoholic solution of potassium ethoxide and an aqueous solution of 
potassium hydroxide, with and without the addition of potassium iodide and with and 
without the action of heat. By the action of potassium ethoxide and by the action of a 
cold aqueous solution of potassium hydroxide dimercuricamphor di-iodide, C,)H,,0,Hgele, 
is formed. A more condensed compound, viz., tetramercury tricamphor di-iodide, 
(Cy9H,,0),;Hg,I,, was also obtained, and evidence of the formation of still more complex 
substances. They described mercury camphor bromide, mercury camphor chloride, 
C,)9H,,0,HgCl, and mercury camphor oxide, (CygH,,OHg),O. They also got a double salt 
of the compound KHglI, with camphor of crystallisation, KHgI3,4C,)H,,0. 

Marsh continued this work and (J., 1910, 97, 2410) published an account of the action 
of halogens on mercuric camphor compounds. By the action of iodine on any of the 
mercury compounds C,)H,,0,Hg,Io, (CipH,4O)3,HgyI, and (Cj9H,,0),,Hg;I, he obtained 
the same di-iodocamphor. This di-iodocamphor is unstable in solution but is best 
crystallised from aqueous pyridine. If dry air is bubbled through a solution of dry di- 
iodocamphor in chloroform solution, iodine begins to separate and if the product is mixed 
with caustic soda and distilled in steam, camphorquinone appears in the distillate as-yellow 
crystals. The yield of camphorquinone is more than 90% of the theoretical. 


CoH rneeis CoH? CH 
This complex quinone is readily oxidised to camphoric acid by warming with a solution of 
sodium peroxide. Working on solutions of organic salts in organic solvents, Marsh 
discovered that certain salts take up a limited amount of solvent for solution and also that 
certain homogeneous solutions separate on warming into three different liquid phases : and 
in an interesting paper (J., 1910, 97, 2297) he described the phenomena observed when 
potassium mercuri-iodide is dissolved in ether and water. In conjunction with Mr. 
W. C. Rhymes (J., 1913, 103, 781) Marsh published an account of double salts with acetone 
of crystallisation and the crystallisation of silver iodide, silver bromide, and cuprous iodide. 
In the same year (ibid., p. 837) in conjunction with Mr. T. V. Barker, he published an 
important paper on “‘ Optical Activity and Enantiomorphism of Molecular and Crystal 
Structure.” In 1914 he had the good fortune to discover a quite new phenomenon, namely, 
the crystallisation of a salt combined with two solvents at the same time, for example, 
KHglI,,H,O,3Me,CO,, NH,Hgl;,H,O,2Me,CO,, and RbHglI;,H,0,2Me,CO;, and wrote a 
paper (J., 1914, 105, 2368) entitled ‘‘ A Class of Salts which contain Two Solvents of Crystal- 
lisation.”” He also wrote two short papers on “‘ Experiments on the Colours of some 
Cobalt Salts in Solution’ (Chem. News, 1914, 171), and ‘‘ Colour of Cobalt Salts in 
Solution ”’ (ibid., p. 193), in which is described the curious phenomenon of a blue acetone 
solution going to one pole and a red aqueous solution to the other pole on the electrolysis 
of a cobalt solution in mixed solvents. 

About this period he became associated with Mr. P. J. Kirkby in quite a different type 
of work, and they published a paper on “ The Electrical and Chemical Effects of the 
Explosion of Azoimide ”’ (Proc. Roy. Soc., 1913, 88, 90). Their experiments showed that 
the number of ions set free is very small in comparison with the number of molecules 
decomposed in the explosion, the ratio being always less than 1 in 100,000. From experi- 
ments at different pressures it was found that the azoimide could not be exploded by a 
spark when the pressure was below 10 mm. 

When the War broke out, Marsh, like many others, turned his attention to research 
work likely to be of value to the country. He devised a method for the cheap production 
of pyrogallol, and made experiments on absorbents for poisonous gases, for which he 
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received the thanks of the Physiology War Committee of the Royal Society. He also 
undertook the preparation of certain classes of drugs for experimental use in military 
hospitals, chiefly alkaloids and a number of new mercury compounds—altogether thirty 
substances, some of them new. Mercurycamphorimide, I believe, proved useful. In this 
connection he published a short paper with Mr. O. Lye in the Analyst (1917) on the 
“ Estimation of Mercury in Organic Compounds.” 

He also patented a periscope rifle for trench use, and spent much time devising smoke 
bombs without nitre or phosphorus. During 1918 he did much work on the replacement 
of hydrogen, other than acidic hydrogen, in the aliphatic organic acids, principally acetic 
acid, by metals. This arose out of his work for War hospitals and was continued much 
later in conjunction with Struthers; and they published a paper on ‘‘ Mercury Derivatives 
of Acetic Acid ’’ (J., 1927, 2658). In this paper they dealt with a compound discovered, 
but not analysed, by Stromeyer in 1809. They named it mercuretin and described the 
action of nitric acid and ammonia on it. In the same year Marsh also published an 
interesting note (J., 1927, 3164) on the use of hydrogen peroxide to facilitate iodine and 
other substitution in aromatic compounds. 

For many years after the War Marsh interested himself in the causes of decay of stone in 
buildings and its prevention; he experimented not only with Oxford limestone from 
Oxford buildings, but with stone from as varied sources as calciferous sandstone of Glasgow 
and the silicious sandstone from Delhi buildings. He found that decay was most active 
just beneath the surface, but affected also, though not so obviously, the surface layer. It 
was especially marked in the more sheltered places, under string courses and other 
projecting parts, and generally on the less exposed sides of buildings. He showed ‘that 
micro-organisms exist in stone, that nitrate is present in stone, that ammonia is converted 
into nitrate in stone as it is in soil: he concluded that life in stone is one of the most 
destructive and possibly the most destructive agent of stone decay. The treatment he 
advocated was to make the stone clean and sterile, which could be effected most readily 
with a solution of sodium peroxide. He successfully carried out his ideas on several Oxford 
buildings. He dealt with the whole subject in two bright and witty little volumes, viz., 
“ Suggestions for the Prevention of the Decay of Building Stones,”’ and ‘‘ Stone Decay 
and its Prevention,” the former published in 1923 and the latter in 1926 by Basil Blackwell, 
Oxford. These we may perhaps be permitted to recommend for the careful study of 
architects and others responsible for the preservation of buildings. Marsh was disappointed 
that his ideas were not more widely accepted, but I see that in recent years attention is 
being again drawn to the subject and one may perhaps hope that Marsh will receive some 
of the credit due to him. 

Marsh was most interested in the history of chemistry, and from time to time gave 
interesting courses of lectures on the subject. In 1929 he wrote a fascinating little volume 
entitled “‘ The Origin and the Growth of Chemical Science,’ which was published by John 
Murray, Albemarle Street, London. Marsh attacked the subject from an original point 
of view. The book begins with some account of the fire theories which, though based on 
error, led to the amassing of a great store of practical knowledge. This is followed by the 
history of scientific chemistry, beginning with the theory of salt formation and the work of 
Robert Boyle. The influence of this—the oldest real chemical theory—is traced in the 
theory of the fixation of gases, and in quantitative analysis. From the last follow the laws 
of chemical combination and the atomic theory with all its modern developments. The 
late Professor W. H. Perkin told the writer that he had read the volume more than once 
with great interest and proposed to read it again. 

After his retirement in 1930, in spite of severely failing eyesight, Marsh continued keenly 
interested in everything—not only in matters scientific but in affairs in Oxford and in the 
world at large. To the end he was a busy worker, and at the time of his death was halfway 
through a book on Taste. He had always taken a great interest in food and diet, and in 
his younger days, if the writer’s recollections are as correct as they are pleasant, he was 
somewhat of a bon viveur. 

Marsh was for many years a keen, highly respected Freemason, and attained provincial 
grand rank in the Order. 
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Marsh’s hobby over a period of years was sailing, and his centre-board, the ‘‘ Isomer,”’ 
was well known on the River, and.even abroad, for he sailed her across to Calais and over 
the French and other canals. The writer can recall many happy days spent with him on 
board this boat. Marsh was also fond of his garden. 

Socially Marsh was a very delightful person, absolutely genuine and a really good man. 
He was somewhat shy, or perhaps reticent, and retiring, and for casual acquaintances I 
should think rather difficult to know, though he was not a bad mixer. By those who knew 
him well he was much beloved and he was a most loyal friend. He had a keen sense of 
humour, which must have stood him in good stead in the rough and tumble of life, and was, 
among his intimates, a good conversationalist. He had a marvellous way of correcting 
people, much delighted in by his friends, but perhaps not always appreciated by others who 
did not know his real goodness of heart. J. A. GARDNER. 








HUGH RAMAGE. 
1865—1938. 


Hucu RaMAGE died suddenly at Norwich on April 16th, 1938, at the age of 73. For 26 
years he had been Principal of the Norwich Technical College and Organiser of Higher 
Education. His memory will live in Norwich as an able administrator at a time of rapid 
development in the local educational system and throughout the difficult period during 
and after the War. When he retired in 1930, he continued to live in Norwich, where his 
quiet unassuming manner and sterling character gained him the genuine respect of all 
his associates in the various cultural interests of the city—religious, musical, and 
educational. 

For a quarter of a century Ramage had sacrificed his real passion, research in his chosen 
branch of science, the spectroscope, for the rough and tumble of administrative and staff 
work. Yet, in the midst of it the little dark-room which he reserved in the Technical 
College bore witness that his urge to research would not be denied. Here he was happy 
during such hours of leisure as he could snatch. The outcome of those hours was his 
communication to Nature in 1920 describing for the first time his extension of spectro- 
graphic analysis to living matter both animal and vegetable. After his retirement this 
became his life-work for the further 8 years he survived. 

Ramage was born in Buckinghamshire on March 31st, 1865, of Scottish parents. He 
was only 4 days past his 13th birthday when he left his elementary school to enter the 
Railway Carriage Works at Crewe and start earning his living. After 4 years and 
assiduous attendance at the evening classes of the Crewe Mechanics’ Institute he won his 
way to the laboratory of the Locomotive Works. At the end of another 4 years he obtained 
through success in examinations a Royal Exhibition at the Royal College of Science, 
Dublin. 

In 1889, after gaining his diploma and a medal, he returned to the Crewe laboratory as 
senior assistant to Joseph Reddrop. With him he worked out an improvement in the 
well-known bismuthate method for the volumetric determination of manganese (J., 1895). 
In 1891 he returned to Dublin to become demonstrator in chemistry under Prof. Hartley. - 
Here he devoted much work to the study of flame spectra, Prof. Hartley enlisting his 
assistance in his own researches in this direction. From this time onward spectroscopic 
work was Ramage’s predominating scientific interest. In 1899 he left Dublin to enter 
St. John’s College, Cambridge, as a research student. Here under Prof. Liveing he 
intensified his studies in flame spectra, gaining his degree from the Board of Studies. 

In 1904 he was appointed Principal of the Technical Institute, Norwich, and he spent 
the rest of his life in that city. ‘ 

In conjunction with Prof. Hartley, Ramage contributed 14 papers to the leading 
scientific journals on the spectrographic analysis of minerals. In addition he published 
papers as sole author on kindred subjects, ¢.g., the spectra of the rarer elements and of 
the electric spark. During the War, whilst examining flue-dust from the Norwich 
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‘Gas-Works as a‘possible source of potash, he discovered that the dust contained more 
gallium than had been found in any material hitherto examined. 

Ramage’s most original work was done during the last years of his life, when he devoted 
himself to an ever-widening survey, by means of the spectrograph, of the distribution of 
the metallic elements in animal and vegetable tissues. With Prof. Munro Fox he published 
the results in the Proceedings of the Royal Society, the Biochemical Journal and in Nature. 
For instance, he found that the kidney and liver of crabs and lobsters always contained 
silver, that strontium concentrated in the genital duct of the snail and manganese was 
present in its liver. He used to carry tiny pellets of silver and copper in his pocket, 
assuring listeners that the metals had been separated from half an ounce of dried mushrooms 
grown in his garden. 

Such facts concerning organic materials interested him however remote they might 
seem from proving of any practical value, and he was justified. In connection with soil 
constituents, however, an analysis by him proved of great economic importance. After 
years of trial and error it was suspected that a certain deficiency disease prevalent amongst 
sheep in some districts of New Zealand was due to the absence of some “ trace ’’ element. 
In 1935 samples of soil from the “‘ sick ’’ areas and from the “‘ healthy ’’ areas were sent to 
Ramage for careful spectroscopic analysis. He found that the “‘ healthy ” soil contained 
0-0007% of cobalt, but the “‘ sick” soil contained none. On following up this pointer it 
was proved immediately that cobalt was in fact the effective element. Apparently the 
disease has now practically disappeared, thanks to the administration of minute doses of . 
cobalt chloride or sulphate to the sheep or to dressings of the grass-lands with cobalt salts. 


Hugh Ramage married Miss Pye-Smith in 1904, and she survives him, with a son and a 
daughter. W. LINCOLNE SUTTON. 





ALFRED EDWARD SIBSON. 
1865—1938. 


ALFRED EDWARD SIBsoN, whose death took place on March 8th, 1938, was born at Notting 
Hill on August 27th, 1865, his father being an architect. Educated privately, he entered 
the laboratory of his uncle, Alfred Sibson, Agricultural Chemist, in St. Mary Axe in 1880, 
where he was engaged in the analysis of chemical manures, food products and cattle foods. 
Besides collaborating with his uncle in revised editions of ‘‘ Agricultural Chemistry ” and 
“ Artificial Manures,’’ he contributed articles to the Westminster Review, the Educational 
Review and other journals, and gave occasional lectures on scientific subjects. On retire- 
ment from the laboratory in 1908 on the death of his uncle, Sibson interested himself in 
the study of astronomy, in which he took a great interest, and in carpentry. Though 
taking a keen interest in his work, which was carried out with great ability, he found it 
difficult to discuss his achievements with his colleagues. A man of great modesty and of a 
retiring disposition, he nevertheless succeeded in winning the esteem and affection of all 
those with whom he came into contact. 


In 1894 he married Miss Lucy Jebb, of Buckhurst Hill, and is survived by his widow and 
A. J. SIBSON. 


one son. 





ERIC HARTWIG WHYTEHEAD. 
1877—1937. 


Eric H. WHYTEHEAD, whose death took place in Johannesburg on July 19th, went to 
South Africa in 1900, and at the conclusion of the South African War was appointed Chief 
Laboratory and Technical Chemist to the B.S.A. Explosives Co. at Modderfontein. From 
there he went to Japan to take charge of another dynamite factory and afterwards returned 
to England to become chemical adviser to Messrs. Brotherton and Co. at Leeds. Later 
returning to South Africa, he joined The New Transvaal Chemical Co., Ltd., at Delmore— 
an associated company of Messrs. Lever Bros. Ltd.—and later took charge of the Herald 
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Soap and Industries Ltd. at Denver as General Manager. He was on the board of directors 
of Messrs, Lever Bros. Ltd. and-of The African Oxygen and Acetylene (Pty.) Ltd., at 
Germiston, a Vice President of the South African Federated Chamber of Industries, a 
Member of the Government Assize Board, and External Lecturer in Chemical Engineering 
at the Witwatersrand University. At one time he was a Captain in the Imperial Light 
Horse. 

Whytehead was elected a Fellow of the Chemical Society on February 15th, 1905. 


Finch: Electron Diffraction and Surface Structure. 1137 





Electron Diffraction and Surface Structure. 


OPENING CONTRIBUTION TO A DISCUSSION HELD JOINTLY WITH THE PHYSICAL SOCIETY 
ON MARCH 17TH, 1938. 


By G. I. FIncu. 


Tue chemical and physical properties of a solid depend not only upon chemical composi- 
tion but also upon the way in which the atoms and molecules are arranged. Owing to 
high penetrating power, X-rays reveal only internal structure; we cannot, however, argue 
from a knowledge of the internal structure of a solid to that of its surface. But the 
chemistry and physics of the solid state depend largely on the properties of the gas-solid 


' and the liquid-solid interfaces. Thus it is not surprising that, failing any direct method 


of study, chemical and physical properties, not necessarily of the surface alone but some- 
times also of the mass, and determined by an almost bewildering variety of methods and 
supplemented by X-ray information as to the underlying atomic structure, have had in 
the past to serve as the basis for deducing the nature of surface structure. 

Apart from chemical examination, the more usual methods of surface study have 
depended upon the phenomena of the scattering of light, generally of a wave-length well 
within the visible range and from which the eye or the microscope can build up an image; 
or interference effects are observed in the scattered radiation. The microscope shows the 
topography of the surface from objects of any size or order in shape or arrangement down 
to details whose dimensions are of the order of that of the wave-length; whilst interference 
(diffraction) phenomena can only disclose the existence of regular features whose linear 
dimensions are of the order of the wave-length. Thus the detail of atomic arrangement 
in structure is far beyond the powers of resolution of these methods which can only serve 
to enable us to infer, in favourable cases, the nature of such structure. 

The experimental proof of the wave properties of moving electrons not only settled a 
conflict which had dominated physics for many years but also put into our hands a power- 
ful tool for the study of the atomic structure of surfaces, the potentialities of which it 
would be hard to exaggerate in view of the importance of the new fields now open for the 
first time to direct study. Unlike X-rays, electron waves are associated with an electro- 
static charge; thus it is the nucleus with its intense field rather than the surrounding 
screen of orbital electrons which plays the chief réle in the scattering of moving electrons. 
Herein lies the reason for the great efficiency of the scattering of electrons by atoms, 
roughly a million times that of X-rays. It follows that, whilst with X-rays the surface 
scattering is so slight as to be wholly swamped by that due to the bulk of the underlying 
material, the depth to which electrons can penetrate coherently into matter is confined to 
a few atomic layers at the surface. Thus the information which the scattering of electron 
waves can give is confined to these surface layers. The wave-length associated with 
electrons of the speeds normally used in structure analysis is of the order of 0-05 a., but the 
difficulties of electrostatic and electromagnetic lens design are such that the potential 
resolving power of the electron microscope is far from having been realised; in electron 
diffraction, however, where the technique is almost as simple as that of X-rays, this has 
to all intents and purposes been attained. 

The early experiments on the wave properties of moving electrons disclosed points of 
similarity between the phenomena of the diffraction of X-rays and electron waves, but it 
soon became evident that in many other respects the parallel could not be drawn. The 
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value of the electron-diffraction method of structure analysis must depend, however, on a 
proper appreciation of the significance of the associated phenomena. This accounts for 
the fact that, in addition to improving the experimental technique, attention has been 
mainly directed towards building up the interpretative technique rather than to the 
systematic study of specific surface problems. Nevertheless, electron diffraction has 
already added so much to our knowledge of surface structure that, instead of trying to 
summarise such contributions, my present aim must be to illustrate its potentialities by 
means of a few examples without going specially into the question of interpretation, a 
subject which has been fully dealt with in several recent monographs. 

In electron diffraction, the angles of deviation and the relative intensities of the rays 
diffracted by the atoms of a surface film are recorded photographically in a plane normal 
to the electron beam at a known distance from the specimen. When the layer can be 
detached and examined in the form of a film thin enough to transmit the electron beam 
without excessive inelastic scattering, the whole pattern surrounding the point of impact 
of the main electron beam can be recorded as, for example, in Fig. 15, the plane of the 
film being normal, or more or less steeply inclined, to the beam. Otherwise, the layer must 
be examined with the beam grazing the surface, in which case the massive substrate casts 
a shadow which obscures rather more than half the field, as in Fig. 3. The electron- 
diffraction pattern is a record from which it should be possible to read the nature of any 
regularity in the average atomic arrangement in the surface layer. The amount of inform- 
ation we may wish to extract from the pattern, however, depends upon the nature of the 
problem. 

The chief feature of regularity in a monatomic liquid, such as a molten metal, is the 
nearest distance of approach of the atoms, 7.e., the atomic size. The corresponding X-ray 
pattern reflects this low degree of order of atomic arrangement in that it consists of a few 
diffuse haloes more or less submerged in a background of general scattering. Hence, 
when Thomson and French and Raether obtained electron-diffraction patterns of this type 
(Fig. 1) from mechanically worked, i.e., polished, burnished, or hammered metallic surfaces, 
they regarded this as evidence of the amorphous state of the polish layer which Beilby had 
conclusively shown to be formed by a smearing over the surface of metal caused to flow 
by the polishing action. This view was challenged by Kirchner, who found that some metal 
surfaces which were certainly crystalline also gave rise to halo patterns, possibly because 
their extreme smoothness limited the access of the electron beam to exceedingly small 
portions of the individual crystals. The discovery by electron diffraction, however, that 
the metallic polish layer possessed the liquid-like property, not shared by the metal in the 
crystalline state, of dissolving at room temperature crystals of another metal (Fig. 2), 
strongly supported the view of the amorphous nature of the polish layer and of its form- 
ation from material caused to flow in the liquid state and then frozen with such abruptness 
on cessation of the polishing action as to allow insufficient time for the atoms to re-arrange 
themselves regularly on solidification. Bowden and Ridler furnished convincing evidence 
of the occurrence of such liquid flow during polishing when, by making use of the thermo- 
electric property of pairs of different metals, they showed that the temperature of burnish- 
ing, t.¢e., polishing, was limited to that of the melting point of the more readily fusible 
metal. Further, Cochrane has recently succeeded in detaching a gold polish layer from its 
substrate and found that it yields by transmission a halo pattern which gradually in time 
develops into one of well-defined rings; thus showing that, whilst a freshly detached polish 
layer is at first amorphous, it tends slowly to recrystallise. Thus, in the light of all this 
evidence, and seeing also that the metallic polish layer differs both physically and chemically 
from the crystalline surface in that it is, for example, both harder and more readily etched, 
it seemed justified to regard the electron-diffraction halo pattern obtained from a worked 
metallic surface as characteristic of an amorphous structure, 

Beilby had found that the phenomenon of surface flow occurs not only on metals but 
also on non-metallic substances and is, indeed, strikingly easy to demonstrate on calcite. 
This led him to infer that the polish layer is amorphous not only on metals but also on non- 
metals and, in particular, on a cleavage face of a single crystal of calcite. In this Beilby 
was mistaken, for Raether and Hopkins obtained from polished calcite single-crystal 
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cleavage surfaces patterns of such a nature as to establish clearly that the polish layer 
was of single-crystal structure integral with that of the underlying calcite crystal (Figs. 3 
and 4). Nevertheless, there is no doubt that in this case polishing produces a surface flow 
which leads to the building up of a layer of several thousand Angstréms in depth, as Beilby 
was able to show. Thus it seems that the flowing material cools sufficiently slowly on a 
calcite cleavage face for the molecules to be able to order themselves under the influence 
of the atomic forces at the interface between the crystal substrate and flowed layer. 

There is no apparent reason to suppose that the crystallographic nature of the polished 
face can have much effect on the rate of cooling of the flowed layer; on the other hand, 
the atomic forces at the crystal-polish interface must be a function of the nature of the 
atoms and of their density and mode of packing. Hence, the ability of the crystal face 
to order the calcite molecules of the flowed layer into line with the substrate structure 
should depend upon its crystallographic nature. These forces should be much weaker in 
a calcite crystal surface steeply inclined to all possible cleavage directions than in a cleavage 
plane. Experiment proves this to be the case, for the polish layer on a calcite crystal face 
so inclined yields a halo pattern characteristic of the amorphous state. Sufficiently pro- 
longed heating of the surface, however, even to far below the melting point, confers enough 
mobility upon the disordered molecules to enable the interfacial atomic forces to line them 
up into a structure continuous with the substrate crystal (Fig. 5).. 

It so happened that Beilby became familiar with a phenomenon which might well have 
led him to infer correctly the structure of polish on calcite, had he not by that time been 
convinced that the occurrence of surface flow necessarily established the amorphous nature 
of polish. Beilby found that crystals of sodium nitrate, the structure of which is iso- 
morphous with that of calcite, when grown from a film of the solution on either a fresh 
or a polished cleavage face of calcite were so orientated as to continue as closely as possible 
the structure of the calcite (Fig. 6). He interpreted this as evidence of a remarkable range 
of the atomic forces at the polish-layer-crystal interface, in that they were apparently able 
to control the orientation of the nitrate crystals even through the several thousand 
Angstrém thick polish layer which he supposed to be amorphous. Intense though such 
forces may be at ranges of atomic dimensions, however, they must fall off in accordance 
with an inverse sixth-power law to become wholly negligible at far less distances than the 
thickness of the flowed layer. Had this occurred to Beilby, he would no doubt have 
inferred from the orientation of sodium nitrate on a polished calcite cleavage face that in 
this case the polish layer was of single-crystal structure integral with the main crystal, and 
would generally have reached conclusions similar to those to which we have been led by 
electron diffraction. The validity of such conclusions drawn from crystal overgrowth 
experiments is shown by the fact that sodium nitrate does not orientate (Fig. 7) on the 
polish layer on a calcite surface steeply inclined to all cleavage directions and which electron 
diffraction has shown to be amorphous, but does so readily (Fig. 8) once the surface has 
been caused by heating to recrystallise and thus yield a pattern (Fig. 5) typical of a single- 
crystal structure. 

Unlike the metals, the polish layer on which has so far always proved to be amorphous 
provided reasonable precautions have been taken to prevent oxidation or the occlusion of 
grains of the polishing material, the non-metals may be divided into four classes, according 
to the nature of the surface changes effected by polishing as shown by electron diffraction. 
Surface flow does not occur on the diamond or on graphite, which thus fall into a class by 
themselves in that they provide the only examples known where polishing simply levels 
the surface—in the case of the diamond by wearing down protuberances (Fig. 9), and in 
that of graphite by causing the crystals to orientate and slip with their cleavage planes in 
the directions of the applied shear stresses (Fig. 10). In another class, containing for 
example kyanite and calcite, the structure of the polish layer may be either crystalline or 
amorphous according to the crystallographic nature of the surface. Of the remaining two 
classes, one consists of minerals such as quartz (Fig. 11), garnet, and corundum where the 
polish layer is crystalline, whilst the other comprises zircon, cassiterite, the spinels (Figs. 
12 and 13) and others which form amorphous polish layers irrespective of the crystallo- 
graphic directions of the surface. 
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The fact that the polish layer on corundum is crystalline whilst that on spinel, a solid 
solution of magnesium oxide in alumina, is amorphous is of some practical interest in that 
it bears upon the question of wear in the high-speed internal-combustion engine, part of 
which can be attributed to the oxide coating on the aluminium piston. This coating gives 
a halo pattern and is thus amorphous, but the polishing action of running-in converts it 
into a polycrystalline film of y-aluminium oxide and corundum (Fig. 14) on which the 
surface-flowed material always recrystallises and thus produces a hard surface which, in 
terms of atomic dimensions, is relatively rough. But the oxide coating on an aluminium 
piston, the surface layer of which is alloyed with magnesium, gives a spinel when subjected 
to friction and acquires a permanently amorphous and therefore smooth polish layer. 

The amorphous structure of the oxide on aluminium surfaces was first demonstrated by 
Preston and Bircumshaw, who vaporised aluminium foil in a stream of dry hydrogen 
chloride and so isolated the thin oxide film to which aluminium owes its relatively high 
resistance to corrosion. Electron diffraction showed that this oxide film is amorphous. 
At about 700°, however, at which temperature also aluminium begins to oxidise relatively 
rapidly, the amorphous oxide crystallises, forming a polycrystalline film through the many 
comparatively large interstices of which oxygen can enter and attack the metal. Trans- 
mission patterns from a thin single crystal of aluminium, an edge of which has been heated in 
a Bunsen flame, show these features remarkably well. As the electron beam is moved from 
the unheated part of the specimen towards the heated area, the pattern changes from one 
of diffraction spots, due to the aluminium crystal, and diffuse haloes, due to the amorphous 
oxide, to sharp rings characteristic of unorientated y-aluminium oxide crystals; and at an 
intermediate position it is possible to secure a pattern (Fig. 15) exhibiting all these features 
simultaneously. 

Another example of immunity to oxidation conferred by an amorphous layer is that 
afforded by the silica film with which silicon carbide is coated as a result of superficial 
oxidation during cooling of the charge in the process of manufacture. This silica skin 
can easily be removed by, for example, abrasion with a material harder than silica but 
too soft to affect the carbide. A crystal prepared in this manner gives a brilliant single- 
crystal pattern typical of the carbide structure (Fig. 16); but it can be heated in air even 
to white heat or in an oxygen-—coal-gas flame without inducing rapid combustion. Electron 
diffraction shows that such treatment causes the formation of a fresh thin skin of amorphous 
silica, the rate of growth of which in relation to the temperature of heating affords a measure 
of the protection it gives to the carbide against oxidation. Thus the film formed on a clean 
carbide crystal heated to a bright red heat in an oxidising atmosphere is, even after two 
minutes, still so thin that the electron beam at grazing incidence can penetrate to the 
unchanged carbide crystal surface and give its characteristic pattern, though partially 
obscured, it is true, by the pattern of haloes and general background scattering due to the 
amorphous silica (Fig. 17). A calculation due to Thomson suggests that if the amorphous 
film were of gold it would need to be only about 15 A. thick in order to suppress coherent 
scattering from the carbide surface. In view of the smaller atomic numbers of silicon and 
oxygen, however, this is probably an under-estimate. We can, however, obtain directly 
a good idea of the depth of penetration of the electron beam at grazing incidence as follows. 
A unimolecular layer of a normal straight-chain hydrocarbon on a plane surface gives a 
reflection pattern (Fig. 19) of parallel lines showing that the molecules are standing erect 
on the surface. By forming, then, unimolecular pure paraffin layers of different chain 
lengths on a smooth single-crystal surface, we can find out that chain length necessary to 
obscure all signs of the single-crystal pattern. Thus a C,,Hy, layer on a smooth quartz 
crystal face gives a composite hydrocarbon-quartz crystal pattern (Fig 18); with C,,H;. 
the quartz pattern is feeble, and with C,,H,, entirely absent (Fig. 19). Hence the upper 
limit of penetration of the electron beam at grazing incidence is less than 43 a., the length 
of the C;.H,, chain. The thickness of the protective coating of amorphous silica formed on 
silicon carbide after two minutes’ heating to a bright red heat is therefore much less than 
43 A. 

The resistance to corrosion exhibited by many metals is due to the formation of a 
protective film, frequently an oxide. Although work in this field is only beginning, the 
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general rule so far emerges that the smaller the crystal size of the film, the greater the degree 
of protection it confers. For instance, the oxide film («-ferric oxide) formed by heating 
iron in air consists of relatively large crystals of the rhombohedral system (Fig. 20) and 
gives little protection. Films obtained by some of the commercial blueing processes have 
much smaller crystals of cubic system and consisting of y-Fe,O, or Fe,O, (Fig. 21); but 
although affording fair protection against atmospheric corrosion, they are not nearly so 
effective as the practically amorphous skin formed by the nitric acid (Fig. 22) or potassium 
chromate passivation of iron. When heated in a vacuum to 650°, this amorphous skin 
crystallises to y-Fe,O, or Fe,O, (Fig. 23) and loses its protective qualities. Thus, as in 
the case of the oxide films on aluminium and silicon carbide, protection seems to be largely 
a question of film continuity. When a crystalline oxide is formed on a metal surface, 
the crystals are usually orientated in such a way that the oxide crystal plane most rich in 
metal atoms is in contact with the metal surface, irrespective of whether this be amorphous, 
polycrystalline, or of single-crystal structure. Owing to the change in lattice dimensions, 
the individual oxide crystals cannot fit closely together, but an amorphous oxide may well 
be continuous in the sense that it is free from interstices large enough to permit of the 
passage of oxygen, because the intermolecular distances are not so rigidly fixed as in the 
crystalline state. 

A crystalline oxide film formed by blueing iron or by heating an amorphous iron oxide 
layer was mentioned above as consisting of y-Fe,O,; or Fe,0,. Since no two chemical 
compounds can have exactly the same structure, it might be thought that the beautifully 
clear patterns (Figs. 21 and 23) furnished by this film would enable us to identify the precise 
nature of the oxide. This, however, is one of those rare cases where the crystalline struc- 
tures of two compounds are so much alike that their ring patterns are difficult to dis- 
tinguish the one from the other. In nearly all cases, however, electron diffraction is 
proving to be by far the surest if not indeed the only method of identifying the nature of 
thin surface films formed by chemical attack. In solving such problems, the nature of 
the original surface and the conditions of attack are generally known. It is also useful, 
though by no means indispensable, that the crystal structures of most of the compounds 
likely to enter into the composition of the film have been determined by X-rays. A few 
examples will suffice to illustrate this. Thomson obtained two distinct, different crystalline 
_ films by heating copper in air. One of these was certainly cuprous oxide, since its pattern 

(Fig. 24) showed that it had both the structure and the lattice dimensions agreeing with 
those previously assigned to this compound by X-rays. The other oxide film had a more 
complicated structure, quite different from that then attributed by X-rays to cupric oxide. 
Hence, if the X-ray data were correct, and there seemed to be no reason to doubt this, it 
followed that the film in question could not be cupric oxide but must be a new, unknown 
oxide of copper. Later, however, by comparing its diffraction pattern (Fig. 25) with that 
obtained from tenorite, the oxide was identified as cupric oxide, a conclusion which was 
confirmed when a fresh analysis by X-rays revealed the fact that the structure of cupric 
oxide was monoclinic and not triclinic as had hitherto been supposed. 

The film formed on nickel heated in selenium vapour gives a pattern (Fig. 26) which is 
identical, except for a slight difference in ring radii, with that obtained from pyrites. Thus 
its composition is NiSe,, the difference between its lattice dimensions and those of ferric 
sulphide being due to the different sizes of the respective atoms. In this case, not only 
was the structure unknown to X-rays, but the compound itself was previously supposed to 
have the composition NiSe. As other examples I would cite the case of a white bloom 
formed on a silver catalyst surface and thought to be an oxide, but immediately identified 
by electron diffraction as metallic silver; and an invisible film resulting from the attack 
of a hot polished copper surface by trichloroethylene vapour and which proved to be 
cuprous chloride. Indeed, many other cases could be quoted where the conditions are 
such that microanalysis or, for that matter, any other method of examination fails, but 
where electron diffraction can so easily and certainly furnish an answer. 

We have seen that the orientation which the crystals formed by chemical attack of 
a polycrystalline solid surface tend to take up is usually unrelated to that of the substrate 
crystals, but is generally such that in the compound a metal-rich crystal plane is parallel 
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to the surface. On amorphous and especially on liquid surfaces the orientation is even 
more sharply pronounced, no doubt owing to the smoothness of the substrate. For 
instance, Jenkins found that the crystals of the oxide films, or rather scums, formed on the 
surfaces of molten liquids were strongly orientated in this way, and mercuric halide crystals 
grow on a mercury surface in like manner (Fig. 27). The fact that the more densely packed 
the atoms are in a crystal plane, the more rapidly does the corresponding face grow in area, 
seems to afford a reasonable explanation for the closely packed type of plane being in 
contact with the surface.’ Much the same thing occurs when a film is formed not by 
chemical attack but by deposition or condensation on an amorphous surface where the 
atomic forces are not ordered in any particular way. For example, when sodium nitrate 
crystals are grown on a glass surface or on an amorphous calcite polish layer, they grow 
as rhombs with one face in contact with the surface, but are otherwise unorientated (Fig. 7). 
Similarly, in films formed from a vapour stream impinging normally on to an amorphous 
surface, the crystals tend to take up an orientation such that the most densely packed 
plane is parallel to the surface, especially if the substrate is heated so that migration of 
condensed atoms over the surface is facilitated. Burgers and Beeching, however, have 
shown that if the vapour stream from which the crystals are grown arrives obliquely at a 
cool surface, then the orientation is more usually such that the plane of densest atomic 
packing is, as we might expect, normal to the direction of the stream. When the substance 
is crystalline, however, the orientating effect of the atomic forces at its surface may become 
the preponderating factor in determining the orientation in films deposited thereon. Thus 
we have already seen that a crystalline calcite face causes sodium nitrate overgrowth 
crystals to orientate in such a manner as virtually to continue the calcite structure (Figs. 6 
and 8). Generally speaking, however, such an effect calls for the existence of some close 
relationship between the substrate and deposit crystal structures. In this field there is 
room for much more work, but it does seem as if equality in the angles between important 
atom rows rather than a similarity in lattice dimensions were the governing influence. 
For example, almost perfectly orientated single-crystal films of silver and of other face- 
centred cubic metals can be grown on both rock-salt and potassium bromide cleavage faces 
(Fig. 28), although the corresponding lattice constants are 5-63 and 6-58 A. respectively as 
compared with 4-08 a. for silver. In some cases, however, the deposit crystals will take up 
an orientation differing from that of the substrate but nevertheless definitely related to its 
structure. For instance, when iron is electrodeposited on a cube face of gold or on palladium 
(Fig. 29) the crystals grow with a cube face in contact with a similar face of the basis metal, 
but the respective cube edges are slewed round through 45° to each other. As a result, 
the two lattices can fit together practically perfectly in a way which thus represents the 
most strain-free arrangement at the interface and so guarantees the strongest possible 
adhesion between the two structures. It seems to be a general rule that, when the electro- 
deposition conditions are such that the deposit crystal orientation is not controlled, at 
least in the initial stages, by that of the basis metal, the adhesion of the deposit is poor. 
Thus a nickel electrodeposit tends to follow the orientation of a copper substrate, but if 
the deposition be arrested for a short time it often happens that the subsequently deposited 
nickel fails to continue the orientation, and in such cases the film thus formed can easily 
be stripped off. 

The microscope is often used to infer the continuation of orientation and crystal size 
in electro-deposits. When we consider the remarkable change in orientation when iron 
is electrodeposited on gold or palladium, it will be obvious that inferences based on micro- 
scopic evidence as to the relation between the orientation of deposit and substrate must be 
of dubious value, and even in regard to crystal size the microscope can give an erroneous 
impression, especially in the case of metals prone to form deposits of submicroscopic 
crystal size. For example, nickel deposited under suitable conditions on copper will at 
first form crystals similar in orientation and size to those of the substrate (Fig. 30), but 
with increasing deposit thickness the crystal size decreases until the grains can no longer 
be resolved in the microscope, and the crystal orientation changes completely to one, 
characteristic of the deposition conditions (Fig. 31). Surface examination by the micro- 
scope fails to note the change and, indeed, gives the false impression that both crystal 
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size and orientation are continued throughout the deposit (Figs. 32 and 33). Homés has 
observed a similar phenomenon in the case of an iron surface, the crystals of which had been 
broken up by cold bending. Subsequent annealing in a vacuum left the surface appear- 
ance unchanged even after etching to a depth of nearly a millimetre; X-rays, however, 
showed what the microscope failed to reveal, namely, that the surface crystals had during 
annealing all grown into and formed part of a single crystal which carried on its surface, - 
and to a considerable depth below, the markings of the original crystal boundaries formed 
by cold-working. In such cases microscopic examination would probably be more useful, 
though still not necessarily certain, if the surfaces were viewed in polarised light with the 
object of throwing the reflexes into greater relief. 

An alloying between substrate and electrodeposit has not so far been clearly established. 
Nevertheless, the change in lattice constants from basis metal to deposit seems to show a 
tendency to be a gradual one. Thus, Cochrane found that nickel and cobalt electro- 
deposits on copper have, at and near the interfacé, lattice constants equal to those of the 
copper. This seems to be another example of the remarkable pseudomorphism observed 
when aluminium was deposited from the vapour to form a thin film on platinum. The 
length of the side of the crystal unit cube of platinum is 3-91 A., and that of aluminium 
normally 4-04 a. In this case, however, the pattern (Fig. 34) shows that the aluminium 
deposit crystals were tetragonal with a base in contact with the platinum of 3-91 A. and a 
height of 4-04 a., showing that the aluminium atoms adjacent to the platinum were com- 
pressed together to fit the platinum lattice, but were otherwise free from this constraint 
and could take up their normal distances apart. 

Unlike electrodeposition, chemical displacement of one metal by another leads to alloy- 
ing, as is shown by chemical analysis. The structure of the alloys thus formed resembles 
that of the parent metals, from which it is chiefly distinguished by the difference in lattice 
constants. For example, a platinum film partly displaced by silver and treated with 
ammonia followed by nitric acid continued to yield a pattern (Fig. 35) characteristic of a 
face-centred cubic structure but with lattice dimensions intermediate between those of 
platinum and silver. 

We have seen previously how paraffins of known chain length can serve as sounding 
rods to plumb the depths to which an electron beam can penetrate coherently. Thus the 
fact that the layer-lines in the reflection pattern (Fig. 19) from a unimolecular film of 
C3.H,, deposited on a quartz crystal surface or, for that matter, on any smooth surface, 
metallic or otherwise, do not change when the surface is rotated in its own plane shows 
that the hydrocarbon chains must be standing vertically erect on the surface. But the 
pattern tells much more than this. Since the layer lines are parallel to the shadow edge 
of the pattern the carbon atoms which act as the main scattering centres must lie in straight 
rows normal to the surface, and the distance apart of these lines corresponds to a C-C 
spacing of 2-54 A. in such a row. The breadth of the layer lines relative to their distance 
apart suggests a row length of about 16 carbon atoms, so there are two such parallel rows 
in each C;,H,, molecule. The intensity distribution in the layer lines shows that in the 
molecule these rows are about 0-9 A. apart, and that in the unimolecular layer the carbon 
atoms must lie in planes parallel to the surface at 1-27 a. apart, 7.e., at half the C-C spacing 
in the rows. Hence it may be concluded that the carbon atoms in each paraffin chain lie 
in a plane containing the molecule axis and are situated at the corners of a zig-zag of 
tetrahedral angle, the alternate C-C spacing being 2-54 a. The intensity distribution 
suggests further that the molecules are symmetrically packed together in groups, the unit 
of structure of the molecule packing being a rectangle of about 5 x 7-4 A. with one molecule 
erect at each corner and another, also erect, at the centre of the rectangle. An approxi- 
mately unimolecular layer supported on a thin celluloid film gives the transmission patterns 
Fig. 36 or 37 when normal to or inclined towards the beam; these not only confirm the value 
of 2-54 a. for the alternate C-C spacing, but also afford a more accurate measure of the 
dimensions of the rectangular packing unit, whose sides are now found to be 4-96 and 7-42 A. 
It is true that similar conclusions have also been drawn from X-ray studies of paraffin 
crystals combined with surface-tension data furnished by the Adam-—Langmuir tank 
technique; but one cannot help being struck by the way in which electron diffraction has 
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given us this wealth of information directly and in the compass of three easily obtained 
diffraction patterns. 

If, instead of a normal paraffin, a substituted straight-chain compound, e.g., stearic 
acid, be used to prepare a film by evaporation of a solution on a smooth, plane, stainless- 
steel surface, we obtain, instead of horizontal layer lines, a pattern of diffuse layer-line 
envelopes (Fig. 38). These do not change on rotation of the surface in its own plane, and 
their radii correspond approximately to 2-54 A., 7.e., to the alternate C-C spacing in the 
chains. This shows that in the case of an end-substituted normal paraffin the long chains 
are no longer erect on the surface but tilted over, to some definite angle, in this case about 
53° to the surface, but are otherwise pointing in all possible directions. The inclination 
of the molecules to the surface can be quantitatively explained on the assumption that 
strong lateral forces attract and bind the chains together like fascines to a density character- 
istic of the packing of normal long-chain paraffins. Where the end group in a substituted 
compound, however, occupies more space than the methyl group, this density of side- 
ways packing is only possible when the chains lean sufficiently far over towards the surface, 
the degree of tilt from the normal increasing with the effective size of the end group. 

A striking and simple experiment, the results of which can only be appreciated directly 
by electron diffraction, consists in rubbing such a stearic acid layer: if a plane metallic 
surface on which has been deposited a stearic acid layer be firmly rubbed with filter-paper 
in one direction, it gives the pattern shown in Fig. 39 when the electron beam grazes the 
surface in the direction of rubbing. The diffuse arcs of Fig. 38 have now been replaced 
by a pattern of well-defined features symmetrically disposed about the plane of incidence 
of the electron beam. It follows that all the molecules, which prior to rubbing had been 
unorientated in the sense that though inclined by 53° to the surface they were otherwise 
distributed at random, now point in a direction lying in the plane of incidence which also 
contains the direction of rubbing. On rotating the surface in its plane, the pattern 
symmetry decreases until, at 90° to the previous position and therefore with the beam 
normal to the direction of rubbing, a pattern (Fig. 40) is obtained which exhibits a maximum 
degree of asymmetry with respect to the plane of incidence, and reveals the fact that the 
chains are now all inclined at about 5° to the surface and towards the direction of rubbing. 
A single firm stroke in the opposite direction suffices to re-orientate the molecules towards 
that direction, and if the surface be rubbed in all manner of ways it is the direction of the 
last stroke only which determines the final orientation of the stearic acid chains. Figs. 39 
and 40 show that, although the acid chains are inclined by 5° to the surface, they are still 
packed together like the normal paraffin molecules in the sense that, in a plane normal to 
the molecule axis, the packing unit is still a rectangle of about 5 x 7:4 A. 

A shear stress applied parallel to a paraffin unimolecular film should cause the molecules 
to incline, the effect increasing with chain length. Hardy showed that the efficacy of a 
paraffin as a lubricant increases with increasing chain length. Also it is well known that 
the addition of a straight-chain acid increases the lubricating value of an unsubstituted 
paraffin. Probably several factors are at work here. For one thing, the acid molecules 
are more firmly anchored to the bearing surfaces; and again, as our experiment on the 
orientation of stearic acid molecules shows, they should reduce friction by orientating, and 
thus facilitating the leaning over of, the normal paraffin molecules, at the critical stage 
where, on reversal of the stroke in the engine cylinder, static friction gives way to conditions 
of dynamic friction. 

The nature of bearing surfaces plays an important réle in lubrication. The surface of 
a new bearing is relatively rough and has many minute peaks of soft crystalline material 
projecting above its mean level. For example, a mild steel surface brought to a fine finish 
with 0000 emery gives a good pattern of «-iron (Fig. 41), clear proof of the existence of 
sharp crystalline projections. A unimolecular oil film cannot effectively prevent metal-to- 
metal contact between such surfaces, for the load is borne by a few peaks and, since the oil 
film molecules are orientated with respect to the surface, the sharp contours of these peaks 
are precisely those places where the oil film is at its weakest. It is not until the process 
of polishing known as “ running-in”’ under light loads has formed an amorphous Beilby 
layer that the oil can fulfil its proper functions of facilitating slip and preventing metal-to- 
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metal contact. Running-in is essentially a process of the melting by friction of the pro- 
jecting peaks, whereby the valleys become filled with flowed material and the whole surface 
is smoothed and hardened by being converted into an amorphous condition. Between 
properly run-in surfaces the load is distributed over wide areas and there are no points of 
sharp curvature to weaken the oil film. Running-in produces an exceptionally deep Beilby 
layer and is thus a vigorous polishing process. Hopkins and Lees found that light polishing 
by hand produced a Beilby layer on copper or gold of less than 50 a. in thickness ; in the 
case of a run-in internal combustion engine cylinder, however, the Beilby layer proved 
to be so thick that several light strokes with a fine emery paper were needed to break 
through to the crystal structure. 

Cast-iron is a most interesting bearing metal. A cast-iron surface finished with fine 
emery might be expected to yield, like steel, a pattern characteristic of «-iron. Instead, 
it gives a pattern consisting of a series of parallel rows of practically equidistant diffuse 
spots, like Fig. 10, which is characteristic of graphite crystals orientated with their slip 
planes parallel to the cast-iron surface. In graphite the carbon atoms are tightly bound 
together into network sheets of hexagons, but the binding forces between the sheets are so 
slight that the layers can slip over each other like cards in a pack. Even when a cast-iron 
surface has been given the finest possible finish by careful running-in or polishing, the 
graphite pattern is distinctly to be seen superimposed on the haloes due to the iron Beilby 
layer (Fig. 42). The graphite is occluded in pores which open up on disturbance of the 
surface structure and distribute the graphite over the surface, where it is always ready to 
act as an emergency lubricant and to prevent metal-to-metal contact during any temporary 
breakdown of the oil film. Owing to its occluded graphite, cast-iron can be run in contact 
with a steel of similar melting point, or even with cast-iron, and give good service, though 
experience shows that it is otherwise bad practice to run together two metals of which the 
melting points do not differ widely. 

An interesting experiment consists of the running-in together of a brass and a mild- 
steel surface. If, after running-in with a normal type of lubricating oil, the bearing is 
thoroughly freed from oil, a few minutes’ further running results in seizure. On repeating 
the experiment, however, but with colloidal graphite added to the oil, the bearing can be 
run dry for a much longer period. Electron diffraction often fails to reveal the presence 
of graphite on such a bearing surface, but after slight etching, followed by gentle polishing 
to orientate any graphite crystals that may have been exposed, a graphite pattern is 
obtained, showing that during running-in with the graphited oil, minute graphite crystals 
have been, as it were, rolled into the Beilby layer during its formation, and in sufficient 
quantity to permit of prolonged dry running without seizure. 

The shape of the graphite crystals in a colloidal solution is clearly revéaled by electron 
diffraction. They consist of exceedingly thin flakes, each crystal containing on an average 
about ten sheets as is shown in patterns similar to Fig. 10 by the diffuseness of the diffrac- 
tions corresponding to the spacings between the carbon layers. On the other hand, the 
sharpness of the diffraction phenomena (Fig. 43) due to atom rows lying in the hexagon 
planes shows that the average crystal extent in these directions must exceed 200 a. and may 
well be far greater. Indeed, many of the crystals are so large that they can be seen in 
the ultra-microscope and some even in the ordinary microscope. In shape, therefore, the 
average colloidal graphite crystal can be compared to a stack of a few large sheets of thin 
paper. Confirmatory evidence of the relatively large area and extraordinary thinness of 
these “ sheets ”’ is afforded by the fact that a transmission pattern like Fig. 43 contains 
certain extra diffractions (Fig. 44) which occur in directions not in accordance with Bragg’s 
law, and from which it can be calculated that meny particles have a thickness of only five 
or six atom layers. 

It is interesting to note that an X-ray examination of colloidal graphite may give an 
entirely false impression of the crystal dimensions and shape, and may even suggest 
erroneously the existence of amorphous carbon, the absence of which is clearly testified to 
by the remarkable clarity and freedom from background in the electron-diffraction trans- 
mission patterns. Owing to high penetration, the strongest X-ray diffractions are those 
due to the spacings between the layers, and, as these are few, the diffractions are corre- 
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spondingly diffuse and form haloes resembling those obtained by either X-rays or electrons 
from amorphous carbon (Fig. 45). In the case of the very thin films formed by the evapor- 
ation of a drop of a dilute colloidal graphite solution on a thin celluloid film, however, the 
crystal sheets orientate parallel to the substrate. Thus the only diffractions obtained with . 
the electron beam normal to the plane of such a specimen are due to atom rows in, or nearly 
in, the plane of the crystal flakes, and the diffraction phenomena are accordingly sharp 
and clear. A similar case is that of the exceedingly thin, sheet-like crystals of clays 
deposited from a colloidal solution or suspension (Fig. 46). 


References.—References will be found in the following wenegraaie : G. P. Thomson, “‘ The Wave- 
mechanics of Free Electrons,’”’ McGraw-Hill, New York, 1930. F. Kirchner, “‘ Elektronen- und Réntgen- 
Interferenzen,” Ergebn. exakt. Naturwiss., 1932, 11, 64. J. J. Trillatt, ‘‘ La Diffraction des Electrons 
et ses Applications,’’ Act. Scient. et Industr., 269, Hermann, Paris, 1935. |G. I. Finch, A. G. Quarrell, 
and H. Wilman,” Electron Diffraction and Surface Structure,” Trans. Faraday Soc., 1935, 31, 1050. 
R. Beeching, ‘‘ Electron Diffraction,’” Methuen, London, 1936. G, I. Finch and H. Wilman, “‘ The 
Study of Surface Structure by Electron Diffraction,” Ergebn. exakt. Naturwiss., 1937, 16, 353, contains 
a detailed discussion of the interpretation of the phenomena of the scattering and diffraction of electrons 
by films and surfaces, together with an extensive bibliography. 


IMPERIAL COLLEGE, LONDON, S.W.7. 
LABORATOIRE DE LA CHAIRE FRANCQUI, BRUSSELS UNIVERSITY. 


SUBTITLES TO THE ILLUSTRATIONS (Fics. 1—46) To ‘‘ ELECTRON DIFFRACTION AND SURFACE 
STRUCTURE,” 


Fic, 1.—Halo pattern from polished copper. 

Fic. 2.—Deposition of zinc on polished copper: (a) Diffraction pattern characteristic of crystalline 
zinc obtained immediately after deposition; (b) a few seconds later, the zinc pattern fades away 
owing to the dissolution of the zinc crystals in the copper polish layer. A zinc deposit on crystal- 
line copper retains its characteristic crystalline structure. 

Fic. 3.—Single-crystal type of pattern from a freshly cleaved surface of calcite. 

Fic. 4.—The pattern from a highly polished cleavage surface is, like Fig. 3, typical of a single-crystal 
structure and shows that the polish layer is of single-crystal structure integrai with the main body 
of the calcite crystal. 

Fic. 5.—The polish layer on a calcite surface steeply inclined to all cleavage directions is amorphous 
and gives a halo pattern, but on heating it crystallises into a structure integral with the main 
crystal and then yields a typical single-crystal pattern. 

Fic. 6.—Sodium nitrate crystals grown on a fresh or polished calcite cleavage surface are orientated in 
such a manner as to continue as closely as possible the structure of the calcite crystal. 

Fic. 7.—Sodium nitrate does not orientate on the amorphous Beilby layer formed by polishing on a 
calcite surface steeply inclined to all cleavage directions. 

Fic, 8.—Sodium nitrate orientates on the polish layer of Fig. 7 after it has been caused by heating to 
crystallise. 

Fic. 9.—A polished diamond surface. 

Fic. 10.—A polished graphite surface; the vertical row of diffractions is due to atom planes parallel 
to the cleavage directions. 

Fic. 11.—The polish layer on a quartz single-crystal surface is crystalline and integral with the substrate 
structure. 

Fic. 12.—A roughly polished spinel surface gives a pattern suggestive of crystal peaks integral with 
the main single crystal and projecting up into an amorphous Beilby layer. After completion of 
polishing, a halo pattern similar to Fig. 13 is obtained. 

Fic. 13.—Halo pattern from a polished cassiterite crystal. 

Fic. 14.—Transmission pattern through a polished aluminium oxide film. Normally the oxide is 
amorphous and gives only a halo pattern, but polishing has caused y-Al,O, crystals to form, and 
these give the sharp rings. 

Fic. 15.—A thin aluminium single crystal heated in air gives a composite pattern of spots, due to the 
metal, rings due to y-Al,O, crystals formed by heating from the natural amorphous oxide layer 
which, in turn, gives rise to the faint haloes. 

Fic. 16.—Single-crystal pattern obtained from a carborundum crystal which, prior to removal of the 
amorphous silica skin, only gave a halo pattern. 

Fic. 17.—The same silicon carbide crystal gives a composite halo and single-crystal pattern after heating 
in a Bunsen flame; a film of amorphous silica is formed, but it is so thin that some electrons can 
traverse the film to be scattered by the silicon carbide crystal and emerge again without energy 
loss. 

Fic. 18.—A unimolecular n-C,,H,, layer on a quartz surface gives a typical “‘ layer-line”’ pattern, but 
is not thick enough to obscure the pattern due to the quartz crystal. 

Fic. 19.—A n-C,,H,, monolayer on quartz gives a pattern characteristic of the hydrocarbon alone. 
Thus the upper limit of penetration of the electron beam at grazing incidence must be less than 
43 a. 

Fic. 20.—a-Ferric oxide (rhombohedral structure) formed by heating iron in air; the ring definition 
shows that the crystals are relatively large. 

Fic. 21.—y-Ferric oxide or ferrosoferric oxide (cubic) formed by “ blueing ”’ iron in steam, 
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Fic, 22.—Amorphous oxide film formed by passivation of iron in nitric acid. 

Fig. 23.—On heating, the amorphous iron oxide crystallises and.is no longer protective; the structure 
is as in Fig. 21. 

Fic. 24.—Cuprous oxide (cubic). 

Fic, 25.—Cupric oxide (monoclinic). 

Fic. 26.—Nickel selenide, NiSe, (has the same structure as FeS,). 

Fic. 27.—Mercuric bromide crystals (rhombic) formed on mercury are orientated with the (010) plane 
parallel to the surface of the liquid. 

Fic. 28.—Ag single crystal grown by deposition of vapour on a heated rocksalt cleavage surface. The 
pattern was taken with the electron beam parallel to a cube edge. 

Fic. 29.—Iron crystals formed by electrodeposition on gold orientate so that cube faces are in contact 
but the respective crystals are rotated to each other by 45° in the plane of contact. 

Fic. 30.—In a thin layer of nickel on macrocrystalline copper the crystal size and orientation follow 
that of the substrate. 

Fic. 31.—When the layer is thicker, the crystal size and orientation of the nickel deposit is no longer 
determined by the substrate, but is characteristic of the deposition conditions, 

Fics. 32 and 33.—Microphotographs of the surfaces of Figs. 30 (thin Ni deposit) and 31 (thick Ni 
deposit) reveal no change. 

Fic. 34.—Aluminium crystals grown on platinum and which have basal dimensions similar to those of 
Pt but normal spacings in the other dimension. 

Fic. 35.—A comparison shutter record of a Pt—Ag alloy formed by chemical displacement (right) with 
gold as standard (left). 

Fics. 36 and 37.—Transmission patterns through a thin film of C,,H,.. supported on celluloid and taken 
with the beam normal and steeply inclined respectively to the film. 

Fic. 38.—Stearic acid. 

Fic. 39.—Polished stearic acid surface; the beam is along the direction of rubbing and the pattern is 
symmetrical about the vertical through the undeflected beam spot. 

Fic. 40.—Asymmetric pattern obtained from the surface of Fig. 39 with the beam normal to the 
direction of rubbing. 

Fic. 41.—a-Iron crystals on abraded mild steel. : 

Fic. 42.—Pattern from a run-in cast-iron cylinder. The halo pattern due to the Beilby layer is super- 
imposed on the diffuse spot pattern of orientated graphite crystals. : 

Fic. 43.—Transmission through a film of orientated colloidal graphite flakes. The 110 ring, for 
example, is very sharp; also, its distinctly granular appearance testifies to the presence of crystals 
of microscopic dimensions in the cleavage plane directions. 

Fic. 44.—An enlarged section of Fig. 43. The innermost broad band is resolved into four rings; two 
of these only appear because the flakes are extremely thin (about 30 a.). 

Fic. 45.—Halo pattern from benzene soot. 

Fic. 46.—Transmission pattern from bentonite crystals orientated with the (001) planes normal to the 


electron beam. 





211. Synthetic Experiments in the Rubrene Series. 


By ERNsT BERGMANN. 


On interaction with phenylmagnesium bromide, 1 : 4-diphenylnaphthalene-2 : 3-di- 
carboxylic anhydride is converted into a keto-acid, which can be cyclised to give 9 : 10- 
diphenylnaphthacene-11 : 12-quinone. This quinone, which is the fundamental sub- 
stance for the synthesis of rubrene and similar compounds, is more readily obtained 
by dehydration of the addition product of 1: 2-diphenylisobenzfuran and «-naphtha- 
quinone. 

1-Phenylnaphthalene-2 : 3-dicarboxylic anhydride is converted by the former 
method into 9-phenylnaphthacene-11 : 12-quinone, which, on reaction with phenyl- 
lithium, takes up only one phenyl group. 

Several side reactions occurring in the above syntheses are discussed. 


RECENTLY rubrene has been proved to be 9: 10:11: 12-tetraphenylnaphthacene (I) by 
two independent syntheses (Dufraisse and Velluz, Compt. rend., 1935, 201, 1394; Bull. 
Soc. chim., 1936, 3, 1905; Allen and Gilman, J. Amer. Chem. Soc., 1936, 58, 937) in both 
of which the decisive step is the preparation of 9 : 10-diphenylnaphthacene-11 : 12-quinone 
(II). As has already been pointed out by the American authors, neither method can be 
extended to give tetra-arylnaphthacenes containing different substituents at the top and 
at the bottom of the formula. We tried, therefore, to develop new synthetic methods, 
and report the results so far obtained. 

1: 2-Diphenylisobenzfuran (III) reacts with maleic anhydride (Weiss and Abeles, 
Monatsh., 1932, 61, 162; Barnett, J., 1935, 1326; Dufraisse and Prion, Bull. Soc. chim., 
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1938, 5, 611) to give the addition product (IV), and this on dehydration yields 1 : 4-di- 
phenylnaphthalene-2 : 3-dicarboxylic anhydride. The reaction of this anhydride with 
phenylmagnesium bromide according to the method of Weizmann and co-workers (J., 1935, 
1367 ; 1936, 567) gives a keto-acid (V), which can be cyclised by means of benzoyl chloride 
in «-chloronaphthalene solution (I. G. Farbenindustrie A.G., German Pat. 590,579; Chem. 








Ph Q 
W 
1 ; ¢ =CPh..6 
Ph § 
(II.) (III.) 
HO Pho 
CPh Ph " 
| \cH-co. OPh 
rf ACO ; CO,H 
4™N Li 
CPh h HO Pho 
(IV.) (V.) (VI.) 


Zentr., 1934, II, 3846; compare Vollmann, Becker, Corell, and Streeck, Annalen, 1937, 
531, 48, 127) to give 9 : 10-diphenylnaphthacene-11 : 12-quinone (II). When concentrated 
sulphuric acid is used as the dehydrating agent, oxidation takes place and instead of (II), 
a dihydroxydiphenyldihydronaphthacenequinone is obtained, whose bright red colour, 
recalling that of dihydroxynaphthacenequinone, may be evidence in favour of formula (VI). 
The hydroxylating action of concentrated sulphuric acid has been observed in similar cases ; 
it is responsible for the formation of halochromic solutions from 9 : 10-diphenylanthracene 
and hot sulphuric acid (Schlenk and Bergmann, Annalen, 1928, 463, 174; compare Ingold 
and Marshall, J., 1926, 3084). 

The isobenzfuran (III) is prepared from phenylphthalide and phenylmagnesium 
bromide. Evidently a substituent other than phenyl may be present in either reagent, 
and therefore the preceding method of synthesis is capable of producing tetra-aryl- 
naphthacenes of the types 


Ar Ar” Ar Ar’ 


Ar’ Ar” r Ar’ 


The synthesis described above can be considerably shortened by the direct addition 
of (III) to «-naphthaquinone; the analogous addition to benzoquinone has been studied 


ORO OO OS 


Ph® 4 
(VIa.) (VII.) (VIILI.) 

Ph 9 QO 0 CHR CO,H | 
OO = QCOUD OOK 
H ; 

LI lI lI HO Po > * 
O O O : 
(IX.) (X.) (XI) 


by Barnett (loc. cit.). When the resulting compound (VIa) is treated with hydrobromic 
acid in glacial acetic acid solution, two reactions occur, namely, removal of 1 mol. of 
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water, yielding the desired quinone (II), and isomerisation to (VII). The migration of 
hydrogen atoms in products of type (VIa) has been studied in detail, ¢.g., by Diels, Alder, 
and Stein (Ber., 1929, 62, 2337). 

Similarly, 1-phenylnaphthalene-2 : 3-dicarboxylic anhydride (VIII), which is prepared 
by the interaction of phenylpropiolic acid and acetic anhydride (Michael and Bucher, 
Amer. Chem. J., 1898, 20, 93; Schaarschmidt, Ber., 1915, 48, 1826), when treated 
successively with phenylmagnesium bromide and concentrated sulphuric acid, is easily 
converted into 9-phenylnaphthacene-11 : 12-quinone (IX). Phenyl-lithium introduces only 
one phenyl group into (IX): we hope to convert the quinone into triarylnaphthacenes 
under more drastic conditions. 

Naphthacenediquinone (X) gives no phenylated products on interaction with phenyl- 
lithium; only dihydroxynaphthacenequinone has been isolated, formed by partial 
reduction (compare Gabriel and Leupold, Ber., 1898, 31, 1283). 

An even more prolific synthesis is being explored, namely, the interaction between 
Grignard compounds and the diketones which should be accessible by double cyclisation 
of «$-dibenzylsuccinic acid or its symmetrically diarylated derivatives (XI, R = H or Ar). 
The tetra-arylnaphthacenes so formed should be identical with the substances obtained 
by the “ rubrene reaction ” from CPh,Cl-C:CAr. 


EXPERIMENTAL. 


1 : 2-Diphenylisobenzfuran (III) was prepared by Guyot and Catel’s method (Bull. Soc. 
chim., 1906, 35, 1125) from phenylphthalide and phenylmagnesium bromide, but the results 
were not always satisfactory. Sometimes, instead of (III), its oxidation product, o-dibenzoy]l- 
benzene, was obtained. 

The addition of (III) to maleic anhydride took place smoothly, but dehydration of the 
product proved troublesome. (a) The addition product (IV) (12 g.) was suspended in 
methanol (120 c.c.), saturated with hydrogen chloride at 0°, and boiled for 3 hours in a current 
of the gas. The precipitate was filtered off, washed with sodium carbonate solution, and 
boiled with methanol (30 c.c.) and 15% methyl-alcoholic potassium hydroxide (16-5 c.c.) for 4 
hours. The solvent was distilled off, and the residue dissolved in water and precipitated with 
acid. The oily acid solidified and was purified by means of glacial acetic acid. The first crop 
only consisted of the desired 1 : 4-diphenylnaphthalene-2 : 3-dicarboxylic anhydride, prismatic 
plates (1-6 g.), m. p. 273—275° (Found: C, 82-2; H, 4-1. C,,H,,O; requires C, 82-3; H, 
40%). 

(b) In a second experiment, the product (11-2 g.) obtained after the treatment with methy]l- 
alcoholic potassium hydroxide was boiled with thionyl chloride (50 c.c.) for 3 hours. Part of 


Ph. .O the product (3-2 g.) crystallised on cooling; recrystallised from glacial 
y, acetic acid containing some acetic anhydride, it formed quartz-like 
*& ‘HCO crystals, m. p. 250—252°. The substance was not acidic and was 
4% H-CO- probably a dilactone (annexed formula) (Found: ' C, 77-9; H, 4:5. 
asad x Cy4H,,0, requires C, 78-2; H, 4:3%). The orange-red residue obtained 


on evaporation of the excess of thionyl chloride was recrystallised from 
glacial acetic ear Two substances were obtained and were separated mechanically: the 
colourless portion had m. p. 250—252° and was identical with the above dilactone(?); the 
reddish crystals had m. p. 273—-275° and did not depress the m. p. of the above anhydride. 

(c) The most satisfactory result was obtained as follows: The addition product (IV) (2-2 
g.) was kept for 2 days at 37° in glacial acetic acid (30 c.c.) saturated with hydrogen bromide. 
The precipitate was filtered off (A), and the filtrate diluted with water, giving a precipitate of 
1 : 4-diphenylnaphthalene-2 : 3-dicarboxylic anhydride, which crystallised from ligroin in 
clusters of needles, m. p. 275°. 

Precipitate (A) was recrystallised from butyl alcohol and then from nitrobenzene, giving 
the acid, m. p. 295° (decomp.), corresponding to the above anhydride. On prolonged heating 
with butyl alcohol, (A) was converted into butyl hydrogen 1: 4-diphenylnaphthalene-2 : 3-di- 
carboxylate, leaflets, m. p. 238° (Found: C, 79-8; H, 5-8. C,,H,,O, requires C, 79-3; H, 
5-7%). 

9: 10-Dihydroxy-9 : 10-diphenyl-9 : 10-dihydronaphthacene-11: 12-quinone (VI).—A Grignard 
solution prepared from bromobenzene (0-4 c.c.) and magnesium (0-1 g.) was added to a hot 
benzene solution of the above anhydride (1-3 g.), and the mixture heated for 1 hour. After 
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decomposition with ice and sulphuric acid, the keto-acid was isolated in the usual way. It 
was not obtained crystalline. This crude product was treated with concentrated sulphuric 
acid (10 c.c.) (it exhibited a red-green dichroic colour reaction) at room temperature for 3 
hours and then poured on ice. The red powder obtained, m. p. above 360°, was dried and 
crystallised from ethyl benzoate; yield, 0-77 g. (Found: C, 82-3, 82-1; H, 4-4, 4-1. C,.H,,0, 
requires C, 81-5; H, 4:1%). When the crude keto-acid was treated with benzoyl chloride in 
a-chloronaphthalene solution (Vollmann and co-workers, loc. cit.), 9 : 10-diphenylnaphthacene- 
11 : 12-quinone (II) was obtained in moderate yield. 

Addition of 1: 2-Diphenylisobenzfuran to a-Naphthaquinone.—The isobenzfuran (5-4 g.) and 
the quinone (3-2 g.) were heated in boiling xylene (20 c.c.) for 2 hours. The addition product 
(VIa) (6-8 g.) separated, on cooling, in well-shaped rhombic crystals, which were conveniently 
recrystallised from butyl acetate. The intensely fluorescent solution was dark red at the b. p., 
lemon-yellow at room temperature. The crystals were yellow, but gave at 150° a red, nearly 
black, liquid (Found: C, 83-5; H, 4:8. C 39H, 9O, requires C, 84-1; H, 4-7%). In accordance 
with similar observations of Barnett (/oc. cit.), the substance showed a tendency to dissociate 
into its constituents; e.g., on treatment with phenylmagnesium bromide, diphenylisobenzfuran 
(III) was regenerated, some unchanged material recovered, and a brown-red substance of 
unknown nature obtained, which crystallised from benzyl alcohol in needles, m. p. above 360°. 

9 : 10-Diphenylnaphthacene-11 : 12-quinone (II) and 11: 12-Dihydroxy-9 : 10-diphenyl-9 : 10- 
dihydronaphthacene Oxide (VII).—The addition product (VIa) (2 g.) was kept at 37° for 2 days 
with a mixture of glacial acetic acid (20 c.c.) and 40% hydrobromic acid (5 c.c.). The 
crystalline part of the product (1-2 g.) was collected and recrystallised from butyl acetate. 
The first crop consisted of stout yellow prisms (0-5 g.), m. p. 282°; according to their m. p. 
and analysis they were diphenylnaphthacenequinone (II) (Found: C, 87-8, 88-0; H, 4-6, 4-9. 
C39H,,0, requires C, 87-8; H, 4.4%). On being cooled to — 10°, the butyl acetate mother- 
liquor deposited a second substance (0-4 g.) in colourless needles, m. p. 150°, which according 
to the analysis had formula (VII) (Found: C, 83-9; H, 4:9. C,9H,,O, requires C, 84-1; H, 
4-7%). A second crop of this substance was obtained when water was added to the original 
glacial acetic acid mother-liquor and the precipitate was recrystallised from propyl alcohol; 
m. p. 150°. 

9-Phenylnaphthacene-11 : 12-quinone (IX).—1-Phenylnaphthalene-2 : 3-dicarboxylic anhy- 
dride (VIII) (7-5 g.) was dissolved in the necessary quantity of boiling toluene, and a solution of 
phenylmagnesium bromide (from 0-7 g. of magnesium and 3 c.c. of bromobenzene) added. 
After 2 hours’ boiling, the product was decomposed and worked up in the usual way. The 
keto-acid formed was a resin, giving a dark red-violet colour reaction with concentrated 
sulphuric acid. It (3-8 g.) was kept at the ordinary temperature for 20 hours with this acid 
(38 c.c.) and then poured into ice-water. The brown precipitate was collected, washed with 
sodium carbonate solution and water, dried, and recrystallised first from butyl alcohol and 
then from glacial acetic acid; m. p. 215°. Thin individual crystals were yellow, thicker ones 
brown; they consisted of octahedra with rounded corners (Found: C, 86-1; H, 4-5. C,,H,,O, 
requires C, 86-2; H, 4:2%). 

Interaction with phenyl-lithium. The quinone (IX) (1 g.) was introduced into a phenyl- 
lithium solution prepared from lithium (0-23 g.) and bromobenzene (3-1 c.c.; 10 mols.). It 
dissolved slowly; after 6 days, the mass was poured into ice-cold dilute sulphuric acid. The 
product was an oil, which crystallised on trituration with methyl alcohol; it was purified by 
means of toluene, forming prisms, m. p. 248° (decomp.), which dissolved in concentrated 
sulphuric acid with an intense brown colour. The substance is probably 11-hydroxy-12-keto- 
9 : 11-diphenyl-11 : 12-dihydronaphthacene, the carbonyl group at C,, in (IX) being less 
sterically hindered than that at C,, (Found: C, 86-9; H, 5:2. C39H,. O, requires C, 87-4; 
H, 49%). 

Naphthacenediquinone (X), prepared by Deichler and Weizmann’s method (Ber., 1903, 
36, 719) (1-2 g.),.was added to phenyl-lithium. [from 0-72 g. of lithium and 9-5 c.c. (20 mols.) of 
bromobenzene]. A vigorous reaction took place. After 6 days the product was worked up 
as described above. It separated from ethyl malonate in bright red needles, which were 
identified by m. p. and mixed m. p. (357°) as dihydroxynaphthacenequinone. From the 
residue obtained from the ethereal layer, no definite substance could be isolated. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, April 20th, 1938.] 
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212. Phthalocyanines and Associated Compounds.* Part XIII. 
Absorption Spectra. 


By J. S. ANperson, E. F. BrapBRook, A. H. Cook, and R. P. LINSsTEAD. 


The absorption spectra in the visible region of phthalocyanine, fifteen of its metallic 
derivatives, and a number of associated compounds containing the tetrazaporphin 
(porphyrazine) ring have been measured. The spectrum of phthalocyanine is composed 
of a system of at least seven bands, the main absorption occurring between 6000 and 
7000 a. The relationships between the various spectra are discussed, and they are 
correlated with the spectra of porphyrins and azaporphyrins. 


THE data in this paper have been accumulated during a number of years, and represent a 
general preliminary survey of the field. The results fall into two sections: (i) Determin- 
ation of the position of the absorption maxima, without absolute intensity measurements, 
for a large number of compounds, in order to find the general characteristics, the influence 
of a central metal, and of attached rings. (ii) Quantitative measurements of the 
extinction curve of a few selected compounds. 


EXPERIMENTAL, 


(i) Position of Maxima.—The spectra were first measured photographically up to about 
6400 a., a prism grating spectrograph with a dispersion of 35 a. per mm. at 6000 a. being used. 
A 500 watt tungsten-filament lamp was employed as a source of light, and the wave-lengths of 
the edges of the absorption bands were interpolated from a superimposed iron or copper arc 
spectrum. This method was particularly useful for the study of the weaker bands in the orange 
to green region, but there were at our disposal no instruments suitable for the extension of 
photographic measurements above 6400 a. Measurements were therefore made visually, 
a Hilger constant-deviation wave-length spectrometer being used, up to the limit of the visible 
region. It seems probable that the various metal-free compounds mentioned below and chloro- 
aluminium phthalocyanine possess further bands in the near infra-red, and an extension of the 
measurements into this region would be interesting. 

The very low solubilities of most of the compounds was a constant difficulty. Saturated or 
supersaturated solutions in chloronaphthalene or bromonaphthalene, of the order of 0-00001m 
were generally used. A few compounds (cobalt, chloroaluminium, and chloroferric phthalo- 
cyanines) were conveniently soluble in pyridine, quincline or ethyl alcohol. Lithium phthalo- 
cyanine forms only colloidal solutions in chloronaphthalene and was examined in dry acetone. 

(ii) Intensity Measurements.—In order directly to compare the extinction coefficients and 
relative band intensities, quantitative measurements were made on three representative 
compounds with a Hilger sector photometer. As alight source the continuum from a Pointolite 
lamp was used, as no sufficiently rich line spectrum is available in the region concerned. 
Practical difficulties have so far limited the measurements to the stronger bands up to a wave- 
length of 6450 a. Solutions were prepared by the direct dissolution of weighed amounts of 
the compound; the concentrations ranged from 5 to 40 mg. per 1. and were therefore approx- 
imately M x 10* tom x 10-5. To cover the wide range of intensities it was necessary to use a 
corresponding range of concentrations for each substance. We have therefore determined for 
each maximum the molecular extinction coefficient, ¢, related to the observed extinction 
coefficient, K, by the relationship e = K/c, where c is the concentration in g.-mols. perl. For 
since K is defined by I,/J = 10, where / is the cell thickness in cm., and the quantity directly 
measured on the sector photometer is the density d (where d = logy, J)/IJ = Ki), then ¢ = logy 
I,/I.1/cl or d = ecl, the validity of Beer’s law being assumed. The introduction of ¢is necessary 
to permit of a comparison between the extinction curves of the different compounds. The values 
for log ¢ are liable to error in that only a part of the compound was in true solution and solid 
tended to separate on standing, so that the concentration is not certain. Stern and Pruckner 
(Z. physikal. Chem., 1937, 178, 435), in their work on the absorption spectra of azaporphyrins 
(imidoporphyrins), made some measurements on metal-free phthalocyanine and experienced 
the same difficulty. 


* Continuing the series of papers on ‘‘ Phthalocyanines,” Part XII of which appeared in J., 1937, 
933. A broader title has now become necessary. 
4F 
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Results.—The quantitative results are in Table I. The absorption maxima of phthalo- 
cyanine and its metallic derivatives are in Table II, and those of other tetrazaporphins in Table 
III. In Tables II and III, the relative intensities of the bands are indicated in the last column. 


TABLE I. 


Phhalocyanine in mm a: US 
bromonaphthalene . g : : » 
, 4-663 4-061 3°845 


Cobalt phthalocyanine in ° bedeewenineesnsbentaston 6,040 — 
chloronaphthalene corevoveconsesine 59,000 _— 


elnigaphihaiiaimemaatin \A sreveceees 9 6,080 ,540 
in chloronaphthalene JO ceceveccesecesses -.-- 54,500 29,000 ,500 


TABLE II. 


Maxima () in an Spectra of Phthalocyanine and its Metallic Derivatives. 


Sol- 
Compound. vent. a,. ay. b. C d. e. » 5 Order of intensities. 
7000 [6750] 6640 6325 6000 5760 5500 Weaker bands at 5280(g) and 5040(h) 
a,;>b>d>c>e>f>g>h 
Beryllium * (dihydrate)... 6920 6815 6550 6305 6140 5910 5700 a,,a,>d>b>c>e>f 
Dilithium A = 6880* 6280 5950 5690 5500 —_ a>c>b>d>e 
Magnesium ® (dihydrate) 7045 6780 6625 6490 6305 6125 5970 Weaker band at 5750(g) 


6910* 6650 6220 5970 (5760) a ne 
l 
6700 6430 6040 6825 [5590] a>c>b>d>e 
6950 6680 6330 5810 a>c>b>d,e 
6940* 6600 6210 5760 a>c>b>d>e 
6600 — = as a>d 
oo 6320 ~- a>d>e 
6590 — = - a>d 
— 6280 ~- a>d>e 
6420 6040 a>c>b>d>e 
— 5930 a>c 
6410 6025 a>c>b>d>e 
6480 6090 a>c>b>d>e 
6490 6160 a>c>b>d>e 
6425 6050 a>c>b>d>e 
6240 5880 a>c>b>d>e 
6420 6150 5910 a>b>c>d 


s 


PETTITT TET ETT 


* Broad band, indefinite maximum. 
1 Solvents: C = chloronaphthalene; Ac = acetone; Alc = alcohol; Q = quinoline; P = pyridine. 2 Traces of metal-free 
compound, formed during dissolution, are possible, * Note effect of solvation. * See p. 1156. 


TABLE III. 


Maxima (i) in Absorption Spectra of Compounds with Similar Ring System. 


Solvent : Chloronaphthalene. 


Compound.* . b. c. d. e. 
Phthalocyanine 6640 6325 6000 5760 


a-Naphthalocyanine ... 6770 6450 6060 [5840] 
B-Naphthalocyanine ... ° 6780 6500 6060 [5840] 
Octaphenyltetrazapo - as 6050 5600 
Magnesium octaphen eae ag -- ~- 5850 _- 
Magnesium octa- ”p-nitrophenyl)tetrazaporphin. -= _- 5980 -- 
Copper octaphenyltetrazaporphin 6 a — 6040 5700 
Tetrapyridinotetrazaporphin 6730 6340 6080 5760 
Copper tetunppuidinntetensaperphin 6490 6200 5870 -- 


Copper tetrathiophenotetrazaporphin 6600 6310 5930 — 
Magnesium tetrathionaphthenotetrazaporphin 6780 6410 6040 -- b>d>c 
Copper tetrathionaphthenotetrazaporphin 6750 -- 6000 _ a>b>d 


* For the preparation of these substances, see Bradbrook and Linstead, J., 1936, 1744; Cook and Linstead, J., 1937, 929; Linstead, 
Noble, and Wright, idid., p. 911. The nomenclature has been revised to correspond with that of Helberger (Annalen, 1937, 529, 205). 


Order of intensities. 
a>b>d>c>e>f. For weaker 
bands see Table II. 
a>b>d>c>e) Practically 
a>b>d>c>e identical. 
a>d>e 
a>d 
a>d 
a>d>e 
a>b>c>d>e>f 
b>d>c. Probably another 
band of longer wave-length. 
a>b>d>c 


& gn 
bhipuy 8: 


\z 
o 


DISCUSSION. 


The absorption maxima of phthalocyanine in quinoline solution determined by Stern 
and Pruckner (loc. cit.) were 6980, 6750, 6640, 6330, 6020, 5790, 5580, 5280 a. These are in 
satisfactory agreement with our results. We are doubtful about the small band at 6750 a., 
which may be due to a trace of metallic phthalocyanine as impurity. Many metallic 
phthalocyanines have their main bands in this region. Our curves for metal-free 
phthalocyanine show only a slight flattening at this point. As far as the measurements 
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of intensities can be compared, the agreement is satisfactory. The influence of solvent 
on the absorption spectrum of free phthalocyanine is very slight (although some of the 
metallic derivatives show evidence of solvation; see below). This has also been noticed 
in the porphyrin series by Stern and co-workers (see, for example, Z. physikal. Chem., 
1936, 177, 42). 

The stronger bands in the phthalocyanine spectrum are found but little altered in that 
of tetrapyridinotetrazaporphin (pyridinoporphyrazine; Linstead, Noble, and Wright, J., 
1937, 911). The spectra of the metallic phthalocyanines differ in some respects from that 
of the metal-free compound and among themselves, but certain general characteristics 
appear in common. These are: (1) there are one or two intense bands (a and b) in the 
region 6600—7000 a. and a fairly strong band (c or d) near 6000 A.; and (2) the intensity 
of the absorption increases fairly regularly with increasing wave-length, except that the 
band at about 6000 A. is nearly always more intense than that next to it of longer wave- 
length. 

In contrast are the spectra of the porphyrins which have been fully studied by Fischer, 
Stern, and their colleagues. The general characteristics are that there are four bands in 
the region from 4950 to 6150 A. and that the absorption decreases with increasing wave- 
length. Fischer has recently discovered various azaporphyrins (imidoporphyrins) in 
which nitrogen atoms to some extent replace the 
methin groups which link together the pyrrole rings _7,000- 
in the porphyrin molecule (Annalen, 1936, 521, 122; 
1936, 523, 154; 1937, 527, 1; 1937, 528, 1). Stern 
and Pruckner’s study (loe. cit.) of the absorption 
spectra of these compounds brings out the fact that 
the introduction of the nitrogen atoms produces little 
change in the position of the bands, but a considerable 
alteration of the intensities, the bands of longer wave- 
length being greatly intensified. The data of the 
present paper enable the analysis to be taken a stage 
further and the general outlines can be summarised as 
follows : 7 eer we rs 

(1) The introduction of nitrogen atoms in place of "©? Contual pa g al 
methin groups in the porphin system leads to a great Fic. 1. 
increase in intensity of the absorption bands of longer 
wave-length, but all the bands remain below about 6300 A. On the other hand, the 
introduction of four nitrogen atoms in laterally fused rings, as in the change from 
phthalocyanine to tetrapyridinotetrazaporphin, has no substantial effect. 

(2) The introduction of aromatic rings either fused to the 88’-positions, as in phthalo- 
cyanines, or substituted as $-phenyl groups, as in octaphenyltetrazaporphin (Cook and 
Linstead, J., 1937, 929), leads to the development of intense bands in the red region, 
between 6600 and 7000 a. With the further study of the tetrabenzazaporphin group it 
will be possible to take this comparison further. 

The central conjugated azaporphin ring system is regarded as the chromophore of the 
phthalocyanine molecule and the fused benzene rings (or substituted phenyl groups) as 
enhancing the selective absorption by lengthening the conjugated chain. The group 
provides an example of the effect observed by, Kuhn in the polyenes, namely, that an 
increasing number of conjugated double bonds results in a displacement of the absorption 
bands towards longer wave-lengths, high extinction coefficients, and a multiple band system. 
As an example of the first effect, we may compare the maximum of the main band of 
phthalocyanine, at 7000 a., with that of «- and 8-1 : 2-naphthalocyanines, which lies at 
7200 A. in the same solvent. 

Effect of Metals.—In Figs. 1, 2, and 3, the positions of the band maxima are plotted on 
a wave-number scale to bring out certain interesting relationships. The introduction of 
metals into the phthalocyanine molecule has a variable effect on the intensity and spacing, 
but on the whole does not alter the general type. The weakest absorption bands of the 
metal-free compound can no longer be detected and the whole spectrum is shifted towards 
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higher frequencies. The amount of displacement increases with the atomic number of the 
central atom, as is shown by the following comparisons of corresponding bands : 
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Beryllium phthalocyanine. 











Lithium phthalocyanine. 

























Magnesium phthalocyanine. 






















Vanadium phthalocyanine. 






















Chromium phthalocyanine. 
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Superimposed on this mass effect, there appears to be a second periodic effect. The 
compounds of vanadium, chromium, iron, cobalt, nickel, copper, and zinc cover the most 
important part of the first transition series. If the positions of the main bands of each 
of the phthalocyanine derivatives of these metals, in chloronaphthalene, are plotted against 
the atomic number of the metal, the values fall on a smooth curve (Fig. 1), the displace- 
ment reaching a maximum with nickel. In view of the fact that the tendency to form 
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planar four-co-ordinate compounds reaches its maximum with nickel, palladium, and 
platinum, it is possible that the magnitude of the shift in the absorption spectra can be 
correlated with the strength of the co-ordinate links of the central atom. A similar dis- 
placement of absorption towards higher frequencies with the introduction of metal occurs 
with octaphenyl- and heterocyclic tetrazaporphins. 

Frequency Differences.—Fig. 2 indicates that. the eight main bands of the phthalo- 
cyanine spectrum fall into two groups, in each of which the intensity diminishes regularly 
with increasing frequency. Within each group the bands are separated by a frequency 
difference which is practically constant within the experimental error. 
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Spacings in the absorption spectrum of phthalocyanine. 
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Essentially the same spacing is to be found in the spectra of the metallic derivatives (Fig. 2), 
although the frequency difference tends to increase as the atomic weight of the central 
metal rises. Especially significant is the fact, shown in Fig. 3, that the same factor and 
band spacing are to be found in the spectra of octaphenyltetrazaporphin, its #-nitro- 
derivative, tetrapyridinotetrazaporphin, and «- and $-naphthalocyanines. With a slight 
augmentation the same interval appears also in the spectra of the tetrathionaphtheno- 
tetrazaporphin derivatives. 

This regularity indicates the identity of the principal vibrating system. The mean 
frequency, 1585 cm.*1, in the phthalocyanine (tetrazaporphin) spectrum may be compared 
with the 1560 cm. term identified by Hellstrém (Arkiv Kemi, Min. Geol., 1936, 12, B, 
no. 13) in the spectrum of the porphyrins. These are of the same order as the known 
Raman frequencies: for C—C, 1600 cm.-1, for C—N, by interpolation between C—C and 
C—O, about 1640 cm.7. 

There is strong evidence, both physical and chemical, that the central azaporphin 
nucleus of the phthalocyanine molecule constitutes a benzene-like resonance hybrid. We 
therefore identify the oscillating system responsible for the 1585 cm. band spacing with 
this central conjugated system. The corresponding 1560 cm. frequency of the porphyrins 
may similarly be assigned to the corresponding central ring system. On this basis the 
observed absorption bands in the spectrum of phthalocyanine correspond with the 
vibrational levels of two excited electronic states, the excitation being associated with the 
great ring. The band maxima are represented by the two series : 


v, = 14,290 + 1585 m,cm.+ and  v, = 15,060 + 1585 », cm.1 


The two band systems are regarded as derived from different electronic levels, rather than, 
following Hellstrém’s views on the porphyrin system, from ground-states of differing 
vibrational energy, because (i) no 890 cm. band progression has been identified, (ii) it may 
readily be calculated that the populations of energy levels differing, as in this case, by 
about 2-5 Cals., are far too disparate to account for the observed roughly equal intensity 
of the bands. 

Finally, a few minor points may be dealt with. The absorption spectra of ferrous and of 
chloroferric phthalocyanine are indistinguishable both in chloronaphthalene and in 
quinoline (Table II). Hence during the process of dissolution there has been either 
oxidation or reduction, so that the final state of oxidation is independent of the initial 
state. It seems most reasonable to suppose that the absorption spectra actually measured 
are those of chloroferric phthalocyanine in chloronaphthalene and of hydroxyferric 
phthalocyanine (or a base compound) in quinoline. The effect of solvation appears in 
the spectra of cobalt phthalocyanine in pyridine and of chloroaluminium phthalocyanine 
in ethyl alcohol, the spectra being displaced to shorter wave-lengths. 


Our thanks are due to Dr. P. A. Barrett and Mr. G. A. P. Tuey for confirmatory measure- 
ments of the spectra of phthalocyanine and its copper derivative. 
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213. Phthalocyanines and Associated Compounds. Part XIV. 
Further Investigations of Metallic Derivatives. 


By P. A. Barrett, D. A. FRYE, and R. P. LINSTEAD. 


In a continuation of the general investigation of phthalocyanine as a co-ordinating 
group the following new metallic derivatives are now described (Pc = C3,H,,N,) : 
Dilithium (PcLi,), lithium hydrogen (PcHLi), silver (PcAg or ? PcHAg), mercuric, 
(PcHg), diantimony (PcSb,), chloroantimony (PcSbCl), chloroferric (PcFeCl) phthalo- 
cyanines and palladium chlorophthalocyanine (C3,H,,;N,CIPd). 

The reactions and structures of these substances are discussed. The dilithium 
compound is soluble in cold alcohol and acetone, and can be used for the preparation 
of other metallic phthalocyanines by double decompositions at room temperature. 

The additive compounds of ferrous phthalocyanine with bases (reminiscent of 
those of hemin) have been investigated. A hexa-aniline and hexa-o-toluidine com- 
pound and a dipyridine compound have been isolated. 


THE work described in this paper falls into two parts. (1) A number of new metallic 
phthalocyanines, mainly of a reactive kind, are now described. (2) The iron phthalo- 
cyanines and their additive compounds, which are related to hemin and the hemo- 
chromogens, have been further examined. 

(1) The metallic phthalocyanines now described are the derivatives of lithium, silver, 
mercury, antimony, and palladium. The most interesting of these is the lithium compound, 
which is easily prepared by the action of lithium amyloxide on phthalonitrile, a method 
analogous to that used for the preparation of disodium phthalocyanine (Barrett, Dent, 
and Linstead, J., 1936, 1719; compare Linstead and Lowe, J., 1934, 1022). When an 
excess (over 2 mols.) of lithium amyloxide is used, the product is dilithium phthalocyanine, 
PcLi, (Pc represents the bivalent phthalocyanine group, Cs,H,,N,). When the nitrile is 
used in considerable excess, the product is lithium hydrogen phthalocyanine, PCHLi. Both 
these compounds are readily obtained crystalline and are easily distinguished, the 
dilithium compound being of the normal phthalocyanine type, blue with a purple reflex, 
and the lithium hydrogen compound nearly black with a silver reflex. They are both 
converted into phthalocyanine by sulphuric acid, and the metal is completely eliminated 
from the dilithium compound by the action of aqueous alcohol. The lithium hydrogen 
compound yields the dilithium compound on treatment with lithium amyloxide. 
Attempted crystallisation of the dilithium compound from chloronaphthalene results in 
its conversion into the lithium hydrogen derivative, possibly owing to the presence of 
traces of water or similar reagent in the solvent. 

Dilithium phthalocyanine is remarkably soluble in organic solvents in the cold, for 
example, in absolute alcohol, amyl alcohol, and acetone. The solubility is greater than 
any yet encountered in the group, although several metallic phthalocyanines are soluble 
in bases, and a few other abnormalities have been noticed (e.g., the solubility of 
a-magnesium naphthalocyanine in ether, and that of chloroaluminium chlorophthalo- 
cyanine in alcohol). In this high solubility, lithium phthalocyanine falls into line with 
many other organo-lithium compounds. 

The combination of solubility in alcohol with lability of the central metal makes 
dilithium phthalocyanine a most useful reagent, and it has become possible for the first 
time to prepare metallic phthalocyanines by double decomposition at room temperature. 
Thus when alcoholic solutions of anhydrous cupric chloride and dilithium phthalocyanine 
are mixed, copper phthalocyanine is immediately precipitated; the phthalocyanine 
derivatives of calcium, zinc, lead, manganese, and cobalt have been prepared similarly. 
The reaction is, however, not general, for stannous chloride converts dilithium phthalo- 
cyanine into free phthalocyanine and not its tin derivative, doubtless owing to alcoholysis 
of the stannous chloride. Thorium and bismuth chlorides and tungsten oxychloride bring 
about the same result, but here there is no evidence that the corresponding metallic 
phthalocyanines are capable of existence. 

In the case of palladous chloride the two reactions proceed simultaneously with the 
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formation of a mixture of free phthalocyanine and a palladium derivative. Of particular 
interest are the reactions of dilithium phthalocyanine with silver nitrate and mercuric 
chloride in alcohol, which give silver and mercury phthalocyanines respectively. 

Dilithium phthalocyanine also reacts readily with organic halogen compounds with 
elimination of the metal. The product in all cases is metal-free phthalocyanine, there 
being no fixation of either alkyl or acyl groups. The reaction with methyl iodide does 
not proceed in the absence of alcohol and in its presence follows the course : 


PcLi, + 2MeI + 2EtOH —> PcH, + 2Lil + [2MeOEt] 


and not the alternative : 
PcLi, + 2MeI —> PcMe, + 2Lil 


Very similar — had already been obtained from parallel experiments on disodium 
phthalocyanine (Barrett, Dent, and Linstead, Joc. cit.), but the present results are more 
convincing, owing to the solubility of the substance under investigation. 

As has been pointed out in previous papers, a bivalent tetraco-ordinate metal in its 
phthalocyanine derivative is regarded as equally attached to each of the four zsoindole 
nitrogen atoms, the central ring being a resonating system. Similarly the acidic hydrogen 
atoms of free phthalocyanine are regarded not as combined solely with any one of these 
nitrogen atoms but rather as equally shared between two (see Robertson, J., 1936, 1195). 
(An equivalent arrangement is presumably present in the true salts of phthalocyanine, in 
which the metals are held by electrovalencies, although representation is more difficult.) 
The important point for the present purpose is that any atom or group covalently 
attached to one of these nitrogen atoms will be chelated with at least one of the other 
three. Otherwise resonance of the great ring is no longer possible and the peculiar 
aromatic-like stability disappears. Alkyl groups are not capable of co-ordination ‘in this 
way. Hence it is to be expected that N-alkyl phthalocyanines and similar compounds, 
if capable of existence at all, will have much lower stabilities than those of free phthalo- 
cyanine and its normal metallic derivatives. Another factor tending to prevent such 
substitution will be the small amount of space available for the substituents, but it seems 
unlikely that this would be decisive because of the possibilities of adjustment latent in 
the molecule. We regard the resistance to alkylation as valuable chemical evidence of 
the resonance of the great ring. 

Of the other new metallic phthalocyanines, the mercury derivative (PcHg) was a 
normal electrovalent compound. It resembled cadmium phthalocyanine (Barrett, Dent, 
and Linstead, Joc. cit.), being insoluble in organic solvents and easily decomposed to free 
phthalocyanine by acid. Elimination of mercury is actually more easy than that of 
cadmium, being achieved by boiling with chloronaphthalene. 

Silver phthalocyanine was prepared by double decomposition of silver nitrate and 
dilithium phthalocyanine in alcohol, or of silver sulphate and lead phthalocyanine in 
boiling chloronaphthalene. Analysis of the beautifully crystalline product corresponded 
with the monosilver phthalocyanine structure (PcAg), but the possibility that it is a 
silver hydrogen compound, PcAgH, cannot be excluded. In the second of these the 
silver would be in the usual argentous condition; the former would be an interesting 
addition to the rare class of compounds in which silver is bivalent. We endeavoured to 
settle the point by quantitative oxidation with ceric sulphate (cf. Dent, Linstead, and 
Lowe, J., 1934, 1033), but the oxygen uptake was much too high for either formulation, 
indicating some .catalytic decomposition of the oxidising agent. The question must 
therefore be left open. Silver phthalocyanine is soluble in chloronaphthalene, but tends 
to decompose in the boiling solvent with the formation of phthalocyanine and metallic 
silver. The metal is readily removed by concentrated sulphuric acid. The compound 
may be sublimed under reduced pressure with partial decomposition. The indications 
are therefore that the metal is in covalent union. 

It was found by Byrne, Linstead, and Lowe (J., 1934, 1017) that o-cyanobenzamide 
gave with antimony a substance which yielded free phthalocyanine on crystallisation from 
quinoline; and a reaction between antimony and phthalonitrile has also been observed. 
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The latter reaction has now been further examined and from the product we have 
isolated diantimony phthalocyanine -(PcSb,) practically pure. This compound is much less 
stable than most members of the group. It yields free phthalocyanine on treatment with 
sulphuric acid, or on being heated with high-boiling solvents. When boiled with alcoholic 
potash, it yields a little free phthalocyanine and there is much fission to phthalic acid. 
It is decomposed by heat. 

It is difficult to reconcile the formula PcSb, with ordinary valency requirements, and 
it is impossible to find room in the centre of the phthalocyanine ring for two antimony 
atoms (effective radii 1-45 A.) or ions. The compound may have a complex structure 
such as Pc:Sb:Sb:Sb:Sb:Pc. In this the two terminal antimony atoms are located in the 
centre of phthalocyanine rings and are joined by a chain of two antimony atoms in the 
manner shown. 

An antimony phthalocyanine of more conventional type is obtained by the action of 
antimony trichloride on free phthalocyanine in boiling chloronaphthalene. This material 
is chloroantimony phthalocyanine, PcSbCl, resembling the chloroaluminium compound, 
PcAICl (Barrett, Dent, and Linstead, loc. cit.). It can be sublimed and crystallised from 
chloronaphthalene without decomposition, which shows the compound to be covalent. 
The action of boiling quinoline or cold sulphuric acid produces free phthalocyanine, which 
proves that the chlorine atom is attached to the antimony and not substituted in a 
benzene nucleus. 

Phthalonitrile reacts with palladium chloride to yield palladium chlorophthalocyanine 
(Cs.H,;N,Cl)Pd. Hydrogen chloride is eliminated owing to the substitution in one benzene 
ring. In so far as the lower chloride reacts with phthalonitrile, palladium resembles 
platinum; but in the fact that nuclear substitution occurs, the reaction resembles that 
between the nitrile and cupric chloride (Dent and Linstead, J., 1934, 1027). 

(2) Iron Phthalocyanines.—Barrett, Dent, and Linstead (loc. cit.) isolated ferrous 
phthalocyanine (PcFe), but could not obtain chloroferric phthalocyanine (PcFeCl) in a 
state of purity. This has now been achieved by warming the ferrous compound with 
concentrated hydrochloric acid in a vessel open to the air. The green chloroferric com- 
pound is easily turned blue by successive treatment with sulphuric acid and alkali, 
including ammonia, and the halogen is completely eliminated, but we have not been able 
to isolate hydroxyferric phthalocyanine (PcFeOH) in a state of purity. 

It has been shown that ferrous phthalocyanine is extremely soluble in aniline to give 
a green solution- depositing macrocrystals of an additive compound (Linstead, J., 1934, 
1016). Further investigation of this shows it to contain six molecules of aniline 
(PcFe,6C,H,N). These are eliminated quantitatively by the action of either heat or 
warm hydrochloric acid. The former regenerates ferrous phthalocyanine, the latter 
yields the chloroferric compound. o0-Toluidine gives a similar crystalline compound, 
containing six molecules of base, but the corresponding pyridine addition compound 
contains only two molecules of pyridine.* The pyridine compound is considerably more 
stable than those containing the aromatic bases. The tendency of ferrous phthalocyanine 
to combine with aromatic bases appears to be general (for example, it readily yields a 
green solution with ethereal 6-naphthylamine), but no other solid additive compounds 
could be isolated. 


EXPERIMENTAL. 


(The general methods of purification and analysis were those described in J., 1936, 1719.) 

Lithium Phthalocyanines.—60 G. of phthalonitrile were added to a solution of lithium (4 g.) 
in amyl alcohol (300 c.c.). A green colour appeared, and when the mixture was warmed, a 
vigorous exothermic reaction took place, the colour changing to deep blue and some lithium 
phthalocyanine separating. The mixture was boiled for 30 minutes, cooled, diluted to 1 1. 
with benzene, and kept for 3 hours. After filtration, the residue of dull blue lithium 
phthalocyanine (36 g.) was extracted (Soxhlet) with acetone, previously dried over sodium 
sulphate. Basic lithium compounds were left in the extractor. Evaporation under reduced 


* The stability of the pyridine addition compounds of the phthalocyanines of the iron group increases 
in the order: [nickel]<cobalt<iron. Nickel phthalocyanine does not appear to form an isolable 
compound. The cobalt compound (compare J., 1936, 1730) contains one mol. of pyridine. 
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pressure left dilithium phthalocyanine as a crystalline deposit with a purple lustre (yield, 30 g.; 
50%). For analysis a sample was heated at 300° for 3 hours under reduced pressure (Found : 
C, 72-9, 73-2; H, 3-1, 3-2; Li, 2-5, 2-6. C,H, ,N,Li, requires C, 73-0; H, 3-0; Li, 2:7%). 

The dilithium compound is freely soluble in alcohol, amyl alcohol, and acetone, but not in 
ether or benzene. On cautious addition of benzene to a hot alcoholic solution it separates in 
plates or needles with a purple lustre, which are solvated and lose alcohol at 250—300°. The 
unsolvated compound is completely soluble in alcohol. The powder is greenish-blue. The 
absorption spectrum is given in Part XIII (preceding paper). 

The dilithium compound (2 g.) was continuously extracted with 80 c.c. of boiling chloro- 
naphthalene for 9 hours. The green solution obtained became dark grey on cooling and after 
12 hours 0-4 g. of lithium hydrogen phthalocyanine was deposited as black needles with a silver 
lustre and a black rubbing (Found: C, 74:0; H, 3-3; Li, 1:3. C,,H,,N,Li requires C, 73-8; 
H, 3-3; Li, 1-35%). When the crystalline material was dissolved in boiling chloronaphthalene, 
it again gave a green solution, going grey on cooling. The solution in concentrated sulphuric 
acid was brown, and gave a blue precipitate of phthalocyanine when poured into water. The 
same compound was obtained by adding 52 g. of phthalonitrile to a solution of 0-7 g. of 
lithium in 300 c.c. of amyl alcohol. The solution became brownish-red and then grey, and 
after 25 minutes the black precipitate of lithium hydrogen phthalocyanine was collected and 
crystallised from chloronaphthalene.* The lithium hydrogen compound dissolved in lithium 
amyloxide to give a blue solution containing the dilithium derivative. 

Reactions. Water (2 c.c.) was added to a solution of dilithium phthalocyanine (3 g.) in 
absolute alcohol (25 c.c.). The blue precipitate of free phthalocyanine which formed 
immediately was collected after 3 hours and crystallised from chloronaphthalene (Found : 
C, 74-5; H, 3-5. Cale.: C, 74:7; H, 35%). The dilithium compound was hydrolysed 
similarly by dilute acids. 

A solution of anhydrous cupric chloride (1 g.) in absolute alcohol (15 c.c.) was added 
gradually with shaking to dilithium phthalocyanine (2 g.) dissolved in 20 c.c. of the same 
solvent. A bright blue precipitate of copper phthalocyanine separated immediately. This 
was collected after 3 hours, washed free from cupric chloride with alcohol, dissolved in 
sulphuric acid, and precipitated with water. Yield, 1-8 g. (Found: Cu, 10-8. Calc.: Cu, 
11-1%). 

Similar double decompositions were carried out between dilithium phthalocyanine (2 g.) 
and the following anhydrous salts (50% excess) in absolute alcohol. The chlorides were 
dehydrated before use at 150° in a current of hydrogen chloride. The order given below 
follows the periodic table, Group I coming first. 

Silver nitrate gave a blue precipitate of silver phthalocyanine (Found: Ag, 16-5. 
C3,.H,,NsAg requires Ag, 17-4%; see below). Calcium chloride gave a dull green precipitate 
of calcium phthalocyanine, insoluble in quinoline and chloronaphthalene (Found: Ca, 7-4. 
Calc. for C3,H,;,N,Ca: Ca, 7:25%). This material is purer than that obtained from 
phthalonitrile and quick-lime or calcium ethoxide (Barrett, Dent, and Linstead, Joc. cit., 
p. 1728). Zinc chloride gave a blue precipitate of zinc phthalocyanine, which sublimed in 
purple needles (Found: C, 66-8; H, 2-7; Zn, 11-0. Calc.: C, 66-5; H, 2-8; Zn, 11-3%). 
Mercuric chloride gave a dull green precipitate of mercuric phthalocyanine, very difficult to 
filter (Found: C, 53-6; H, 2-3; Hg, 28-5. C,,H,,N,Hg requires C, 54:0; H, 2:3; Hg, 
28-2%; see below). Thallium hydroxide gave a bright green precipitate, not further 
investigated. Thorium chloride gave a voluminous precipitate, which yielded free phthalo- 
cyanine on crystallisation from chloronaphthalene (Found: C, 74-7; H, 3-3%). Stannous 
chloride, stannic chloride, dimethylstannic chloride and dimethylstannic iodide gave similar 
voluminous precipitates, none of which contained tin. The product from stannic chloride 
was crystallised from quinoline and identified as phthalocyanine (Found: C, 74:3; H, 3-5%). 
Lead acetate gave a grass-green precipitate of lead phthalocyanine, which crystallised from 
chloronaphthalene in rectangular prisms (Found: Pb, 28-5. Calc.: Pb, 288%). Bismuth 
trichloride gave a voluminous precipitate of free phthalocyanine, which after crystallisation 
had C, 74-6; H, 36%. Tungsten oxychloride similarly gave a blue precipitate containing 
no metal. Manganous chloride gave a nearly black precipitate of manganous phthalocyanine, 
which sublimed in greenish-black needles (Found: Mn, 9-5. Calc.: Mn, 9:7%). Cobalt 
chloride gave a voluminous precipitate of the corresponding phthalocyanine, which crystallised 
from chloronaphthalene in stout needles (Found: Co, 10-3. Calc.: Co, 103%). Palladium 
chloride gave a blue precipitate, which crystallised from chloronaphthalene in purple needles, 


* This method of preparation was discovered by Dr. C. E. Dent. 
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but was not homogeneous (Found, in two samples: Pd, 5-2, 8-2. C,,H,,N,Pd requires Pd, 
17-5%). 

No precipitation occurred when methyl iodide (5 c.c.) was added to a solution of dilithium 
phthalocyanine (2 g.) in absolute alcohol (15 c.c.). After the mixture had stood for 7 days in 
a securely stoppered bottle, a considerable quantity of free phthalocyanine had separated 
(Found: C, 74-4; H, 3-5%). The absence of N-methyl groups was confirmed by fission with 
ceric sulphate; an amount of the reagent equivalent to 1-08 atoms of oxygen per molecule 
was then taken up, and a theoretical yield of pure phthalimide (m. p. and mixed m. p. 228°) 
obtained. 

The same reagents were refluxed for 7 days in dry ether (20 c.c.) in place of alcohol as a 
solvent, moisture being excluded. The residual pigment was completely soluble in dry 
acetone and hence was the unchanged lithium compound. 

Dilithium phthalocyanine (2 g.) was completely converted into free phthalocyanine by 3 
hours’ refluxing with acetyl chloride (5 c.c., distilled over sodium) and pure ethyl acetate 
(10c.c.). The product, crystallised from chloronaphthalene, had C, 74-4; H, 3-4%. The action 
of benzyl chloride in boiling absolute alcohol gave the same result (Found: C, 74:5; H, 3-3%). 

Other New Metallic Phthalocyanines.—The preparation and analysis of the mercuric com- 
pound are described above. The analytical sample was washed for several days with hot 
alcohol, until free from mercuric chloride. When crystallised from chloronaphthalene, the 
mercuric compound yielded free phthalocyanine (Found: C, 74-7; H, 3-7%), and the same 
result was achieved on treatment with sulphuric acid (Yield, 70%. Found: C, 74:2; H, 
3-2%). 

Recrystallised lead phthalocyanine (3 g.) and silver sulphate (3 g.) were refluxed in chloro- 
naphthalene (30 c.c.) for 3 hours. The initial grass-green colour changed quickly to greenish- 
blue and silver phthalocyanine (? silver hydrogen phthalocyanine) separated from the cooled 
product in fine needles with a red lustre. Inorganic impurities were removed by flotation in 
ether (Found: C, 63-0; H, 2-6; Ag, 16-2. C,,H,,N,Ag requires C, 62-0; H, 2-6; Ag, 17-4%). 
Another method of preparation is described above. . In an endeavour to remove the last traces 
of impurity, the substance was crystallised from chloronaphthalene. Metallic silver was, 
however, deposited on the walls of the extraction vessel as a grey film, and the product 
contained only 14-0% of silver. When heated under reduced pressure, the original pigment 
melted and a. small portion sublimed to give blue needles containing 14:5% of silver. On 
treatment with sulphuric acid metal-free phthalocyanine was formed. Fission with ceric 
sulphate gave results corresponding to an oxygen uptake of 1-55 and 1-60 atoms of oxygen per 
molecule. 

Phthalonitrile (20 g.) was mechanically stirred with 7 g. of finely powdered antimony at 
300°; the mixture slowly turned dark blue and after 4 hours was nearly solid. Boiling alcohol 
removed the excess of nitrile and left 22 g. (75%) of a dull blue, amorphous powder with a 
dull green rubbing. The same reaction occurred when atmospheric oxygen was excluded by a 
current of nitrogen. The crude product was purified by repeated flotations in alcohol; the 
excess of antimony sank and the lighter phthalocyanine could be poured off with the super- 
natant liquid. Eventually a solid was obtained which microscopic examination showed to be 
almost entirely amorphous blue diantimony phthalocyanine, contaminated with a few lustrous 
needles of free phthalocyanine and a few particles of antimony (Found: C, 51-5; H, 2-3; N, 
15-0, 15-3; Sb, 29-2. C,,H,,N,Sb, requires C, 50-9; H, 2-1; N, 14-9; Sb, 32-2%). No 
further purification of this substance could be effected. When it was heated under reduced 
pressure, it decomposed, giving no trace of vapour. When crystallised from chloronaphthalene, 
it gave a good yield of free phthalocyanine (Found: C, 74-4; H, 3-4%), and the antimony 
remained as a sludge on the asbestos filter of the extractor. Crystallisation from quinoline 
and «-methylnaphthalene gave the same result. 5 G. of the crude reaction product on 
treatment with sulphuric acid in the usual manner gave 3 g. of phthalocyanine. The metal 
was also removed by 24 hours’ boiling with concentrated hydrochloric acid or aqueous potash. 
Boiling alcoholic potash dissolved the reaction product (2 g.) to give a bright green solution, 
which was decolourised by cooling and admission of air. A mixture of basic antimony 
compounds and a little free phthalocyanine separated and from the filtrate 1 g. of phthalic 
acid was recovered (m. p. 202°; anhydride, m. p. 128°). 

A mixture of 5 g. of phthalocyanine, 5 g. of antimony trichloride, and 5 c.c. of chloro- 
naphthalene was heated in a sealed tube at 300° for 6 hours. The liquid was filtered, and 
the dark green residue washed with ether, stirred with water, heated to boiling, and allowed 
to settle. The crystalline phthalocyanine derivative sank to the bottom and basic antimony 
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compounds, formed by the hydrolysis of the excess of reagent, remained in suspension. This 
was cleared by the addition of hydrochloric acid in drops. The product was then collected 
and washed with water and alcohol. Yield, 5g. It dissolved easily in hot chloronaphthalene, 
containing a little antimony trichloride, to give a pure green solution, which deposited 
chloroantimony phthalocyanine in cigar-shaped needles, with a blue-green lustre and a green 
rubbing. The material for analysis was washed with dilute hydrochloric acid (1:1) and 
dried (Found: C, 57-2; H, 2-4; Cl, 5-2; Sb, 17-9. C,,H,gN,ClISb requires C, 57-4; H, 2-4; 
Cl, 5:3; Sb, 18:2%). The substance could be prepared more conveniently by refluxing the 
same reagents in chloronaphthalene; the blue-green colour changed to pure green after 30 
minutes. The solution was cooled and filtered, and the chloroantimony compound (6-2 g. 
from 5 g. of phthalocyanine) washed with benzene. When heated under reduced pressure, 
chloroantimony phthalocyanine sublimed unchanged as a deep green vapour, which deposited 
green plates with a dark green lustre (Found: C, 57-25; H, 2-7%). On crystallisation from 
quinoline the compound yielded free phthalocyanine (Found: C, 74:7; H, 3-3%). This was 
also formed by treatment with sulphuric acid. 

When phthalonitrile (5 g.) was heated at 280—290° with 1 g. of palladous chloride, the 
melt rapidly turned deep blue and hydrogen chloride was evolved. After 2 hours an 80% 
yield of a blue chlorine-containing substance was obtained, which dissolved in chloro- 
naphthalene with a bluish-green colour and deposited palladium monochlorophthalocyanine as 
an amorphous blue solid (Found: Pd, 16-3. C,,H,;N,ClPd requires Pd, 16-3%). Like other 
nuclear-halogenated phthalocyanines, this could not be sublimed. 

Ivon Phthalocyanines and theiy Addition Products.—Ferrous phthalocyanine was obtained 
from o-cyanobenzamide and pure iron wire by the method of Barrett, Dent, and Linstead (loc. 
cit.). The product was ground, washed with sodium hydroxide solution and hydrochloric - 
acid, and extracted (Soxhlet) successively with acetic acid and alcohol. Yield, 35% (Found: 
C, 67-8; H, 2-45; Fe, 10-5. Calc.: C, 67-6; H, 2-8; Fe, 9-8%). 

Chloroferric phthalocyanine was first made by decomposing the aniline addition compound 
of ferrous phthalocyanine with hydrochloric acid (see below), but was most conveniently 
prepared as follows: Ferrous phthalocyanine was warmed on the steam-bath for an hour with 
a large excess of concentrated hydrochloric acid. The liquid was filtered and the solid was 
washed free from acid and dried, by washing with alcohol and finally at 100°. Yield, 
theoretical (Found: C, 63-2, 63-3; H, 3-0, 2-8; Cl, 5-6; Fe, 10-0. C,,H,,N,ClFe requires C, 
63-6; H, 2-7; Cl, 5-9; Fe, 94%). Chloroferric phthalocyanine was a dull green solid, with 
a yellowish-green rubbing. It dissolved in stilphuric acid with evolution of hydrogen chloride 
to give a purplish-red solution. When poured on ice and water, this yielded a green solid, 
turned blue by the addition of caustic alkali or ammonia. In spite of a number of attempts 
we were unable to obtain from this product a hydroxyferric phthalocyanine giving satisfactory 
analytical figures. A typical product, dried at 100°, had C, 61-7; H, 3-2; Fe, 10-7% 
(C53H,,N,Fe-OH requires C, 65-6; H, 2:7; Fe, 9-6%). The product contained no sulphur or 
halogen and may have been hydrated. Drying to constant weight at 200°, however, resulted 
in a further fall in the carbon and hydrogen figures, so that some decomposition into volatile 
organic material (? phthalimide) probably occurred. 

Additive compounds. Ferrous phthalocyanine (1 g.) was boiled with 10 c.c. of aniline, and 
the intensely green solution filtered hot. A little pigment was undissolved, and the filtrate 
deposited the hexa-aniline addition compound as a mass of purple prismatic needles, resembling 
potassium permanganate. These were collected, washed with benzene, and dried by suction 
and in a vacuum desiccator. Analyses had to be carried out on freshly prepared material 
owing to the tendency for the base to be eliminated on standing (Found: C, 72-0, 72-0; H, 
5-1, 5-2; N, 17-9; Fe, 4-6. C,,H,,N,Fe,6C,H,;-NH, requires C, 72-5; H, 5-2; N, 17-4; Fe, 
50%). These figures agree satisfactorily with those previously obtained (C, 72-7; H, 5-3; 
Fe, 5-3%). The aniline compound gives a bright green rubbing on paper, but this rapidly 
becomes dull owing to loss of aniline, even in a corked tube. Re-analysis of the original 1929 
sample revealed a partial loss of aniline from the crystalline solid. 

The early work (/oc. cit.) showed that the base was removed by cold acid or by heating at 
180°. These decompositions have now been examined quantitatively. At 180°, in a stream 
of carbon dioxide, the weight became constant after 90 minutes, the loss corresponding to 
49-6% of aniline (6C,H,-NH, requires loss, 496%). The liberated base was identified by 
conversion into acetanilide, and the residue as ferrous phthalocyanine (Found: C, 68-1; H, 
2-7%). A weighed quantity of the additive compound was warmed with hydrochloric acid, 
the liquid filtered, and the aniline in the filtrate and washings estimated by titration with 
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standard sodium nitrite solution (Found: 50-0, 50-4% aniline). The residue was dried and 
weighed. It amounted to 51-5% of the original pigment, contained chlorine, and was identical 
in properties with chloroferric phthalocyanine (Found: C, 63-7; H, 2-7; Fe, 9-5. Calc. for 
C3,H,,N,ClFe: C, 63-6; H, 2-7; Fe, 9-4%). 

The hexa-o-toluidine addition compound of ferrous phthalocyanine was made in a similar 
manner to the aniline compound. It was very readily dissociated even by washing with 
solvents. It formed small purple prisms with a bright green smear, rapidly turning dull 
(Found: C, 72-3, 72-4; H, 5-7, 6-0; N, 16-1; Fe, 5-2. C,,H, .N,Fe,6C,H,-NH, requires C, 
73-4; H, 5-8; N, 16-2; Fe, 4:6%). 

The dipyridine compound was best prepared by extracting ferrous phthalocyanine in a 
Soxhlet apparatus with dry pyridine and allowing the extract to crystallise. It separated in 
very small, purple crystals with a bright green smear, and could be washed with water or 
alcohol and dried at 100° without decomposition (Found : C, 68-5, 69-0; H, 3-9, 3-7; N, 19-6; 
Fe, 7-5, 7-7. C,,H,,.N,Fe,2C;H,N requires C, 69-4; H, 3-6; N, 19-3; Fe, 7-7%). When it 
was heated at 150° for an hour in a stream of carbon dioxide, the loss in weight was only 
0-33%; at 200°, the loss in weight in 4 hours was 21:2% and in 6 hours 24-3% (Calc. for 
2C;H;N, 21-7%). There were indications of gross decomposition by the longer heating. The 
loss of weight on treatment with hydrochloric acid also agreed approximately with the 
presence of two molecules of base. 

Bright green solutions, undoubtedly containing similar additive compounds, were formed 
when ferrous phthalocyanine was treated with the following reagents: solutions of B-naphthyl- 
amine in ether, benzene, acetone, and xylene (but not in petroleum); similar solutions of 
p-toluidine and also the molten base; phenylhydrazine. In no case, however, could a 
crystalline solid be isolated. 

It was not found possible to separate aniline from pyridine, or aniline from p-toluidine, by 
taking advantage of the difference in the stabilities of their additive compounds with ferrous 
phthalocyanine. 


We thank the Dyestuffs Group of Imperial Chemical Industries, Ltd., for grants and gifts 
of chemicals. 
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214. On Monolayers of Isomeric Unsaturated Compounds. 


By J. MarspEn and E. K. RIDEAL, 


The properties of monolayers of a number of cis- and ¢vans-unsaturated long-chain 
acids and alcohols have been examined. Their behaviour suggests that the ivans- 
structure can form close-packed films by interlocking, which is impossible in the bent 
cis-form. This view is supported by the examination of mixed films, where it is found 
that tvans-unsaturated chains can pack with saturated chains but that the cis-form 
causes expansion. Supplementary evidence is obtained from the oxidation rates of the 
two isomers in monolayers, which, for the ¢vans-isomer, is shown to be very susceptible 
to compression. The properties of the “ cis”’- and “ tvans ’’-dihydroxy-acids are of 
interest in that the trans-form produces solid films which can be attributed to hydrogen 
bonding, suggestive in consideration of filamentous hydroxyl-containing macro- 
molecules. The “ cis ’-dihydroxy-acid appears to be formed almost exclusively on 
oxidation at interfaces. 


Tue fact that at corresponding temperatures and on the same substrate, monolayers of 
oleic acid are in the liquid-expanded and those of stearic acid in the condensed state 
(Langmuir, J. Amer. Chem. Soc., 1917, 39, 1848; Adam and Jessop, Proc. Roy. Soc., 1922, 
A, 101, 516), indicates that the insertion of a double bond in the chain of the fatty acid 
modifies the cohesion of the chains to one another. Adam concluded that the stereo- 
chemical configuration of the unsaturated chains was an important factor in influencing 
their cohesion, since he found, in the few cases examined, that the cis-isomers (oleic and 
erucic acids) possessed a half-expansion temperature some 25—30° lower than the corre- 
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sponding trans-isomers (elaidic and brassidic acids). That oleic acid is the cis-isomer and 
elaidic the trans-form appears from the work of Hilditch (J., 1926, 1828) and Miiller and 
Shearer (J., 1923, 123, 3156). 

In this communication the force-area and surface potential characteristics of a number 
of geometric isomers with the double bond in various positions along the chain are presented 
with the object of finding out how far the differences in the film characteristics of cis- 
and ¢rans-modifications can be interpreted in terms of their molecular configurations. 
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EXPERIMENTAL. 


The structures and m. p.’s of the substances employed are shown in Table I. No sharp 
m. p. could be obtained for oleyl alcohol; monolayers from two different specimens were 
identical. The measurements of the force—area characteristics were made in a Langmuir trough 


TABLE I. 
Compound, Structure. 
Oleyl alcohol cis-CH,*[CH,] ,°CH:CH:[CH,],,-CH,-OH 


Elaidyl alcohol trans- a ue 
Oleic acid cis-CH,*[CH,] ,°>CH:CH-[CH,],;CO,H 


Elaidic acid trans- a 9° 
Petroselinic acid cis-CH,*[CH,],,.°CH:CH-[CH,],-CO,H 


Petroselinic acid trans- - po 
Erucic acid cis-CH,°[CH,] ,°CH:CH:[CH,],,"CO,H 


Brassidic acid os ” 


sensitive to 0-12 dyne/cm. and so constructed as to eliminate metallic impurities. The phase- 
boundary potentials were measured simultaneously with the force—area determinations by the 
method previously described (Schulman and Rideal, Proc. Roy. Soc., 1931, A, 180, 259; Gee 
and Rideal, ibid., 1935, A, 153, 116). All measurements were carried out at 21°. The mono- 
layers were spread from light petroleum solution with an Agla micro-syringe. Potassium 
dihydrogen phosphate-sodium hydroxide buffer was employed for pg 7-2 substrates (Clark, 
** Determination of Hydrogen Ions,” p. 200); for pg 3 substrates, unbuffered hydrochloric acid 
was used. 

Results —The force—area and surface—potential curves of the unsaturated compounds are 
shown in Figs. 1—4. The cis-isomers form homogeneous liquid-expanded films at areas per 
molecule greater than 50a.?._ These isomers on acid substrates form oil lenses at low areas, as 
indicated by a constant pressure during compression in this region. On pg 7-2 substrates the 
cis-compounds do not form oil lenses, but rather liquid films which undergo collapse by a process 
of cracking, as testified by a rise in pressure on compression which decreases with time. Of the 
cis-isomers, erucic acid is the only exception; this acid forms an unstable liquid film on pg 3 
substrates and a weak solid on neutral substrates. The tvans-acids, petroselinic and elaidic, 
form liquid-expanded films at low pressures. In the case of tvans-petroselinic acid at > 34 a.?, 
the pressure changes only slightly on compression, indicating a transition region and the 
formation of micelles. Contrary to the results found by Schulman and Hughes (Proc. Roy. 
Soc., 1932, A, 138, 430) for myristic acid, tvans-petroselinic acid films are homogeneous in the 
transition region, as indicated by a constant potential (5 mv.) over different parts of the 
surface. Elaidic acid does not exhibit the phenomenon of micelle formation. These tvans- 
acids on pg 3 substrates form unstable liquid films at high pressures. On pg 7-2 substrates, 
tvans-petroselinic acid becomes a stable solid at areas below 19-8 a.?; elaidic acid is converted 
into a fragile solid in this area region. As in the saturated acids, the expansion temperature 
rises with increasing chain length; thus, since the expansion temperature of brassidic acid is 
above 21°, condensed films are formed at this temperature. On pq 3 substrates this acid forms 
homogeneous films at 24 a.*, becoming a solid at ~ 21 a.?; on py 7-2 substrates the film is a 
strong solid which is stable at high pressures (<40 dynes/cm.). The force—area curves (Fig. 4) 
for erucic and brassidic acid furnish the most evident examples of the difference in the film 
properties of the cis- and the ¢vans-compounds and the similarity of the latter to the saturated 


compounds. 
DISCUSSION. 


Although the X-ray data on the cis- and trans-modifications (Miiller and Shearer, loc. cit.) 
are in themselves not sufficiently complete to enable definite molecular configurations to be 
assigned to the acids examined, yet it is reasonably certain that the chain configurations 
are as depicted in Fig. 5. The configuration of the saturated chain is included for 
comparison. 

Lyons and Rideal (Proc. Roy. Soc., 1929, A, 124, 333) suggested that molecular areas 
in the close-packed solid-condensed monolayers of saturated fatty acids were identical with 
the areas occupied in the crystalline state, and that in consequence the chain axis in the 
monolayer was inclined at 26-5° to the vertical with the chains interlocking. Subsequent 
investigation revealed that the solidity of the film was not the sole criterion for this 
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structure, since such films may be liquid unless there is both interaction between the head 
groups and interlocking along the chains. We note that the ¢vans-configuration should 
permit of such an interlocking process more readily than the cis-form, in which the hydro- 
carbon chain is bent. We also observe that, in agreement with this view the cis-isomers 
form more highly expanded monolayers than the ¢rans-modification, and that the cis- 
isomers on collapse always form oil lenses, which are never formed with the ¢vans-compounds 
where chain adlineation can take place with formation of solids or smectic liquids. 
Erucic acid (cis) is the only exception, but here the length of the chain between the polar 
group and the double bond is sufficiently long to impart the properties of a trvans- ‘or 
saturated chain derivative to this compound. 

The ability of the chains to interlock in the case of the trans-compounds is dependent 
on the distance of the double bond from the polar group. The transition region present in 


Fic. 5. 
Configurations. 


t 


trans-petroselinic acid (Fig. 3) is absent in elaidic acid, where the double bond is three CH, 
units further removed from the carboxyl group. Thus the ease of micelle formation is 
increased by shortening the distance between the double bond and the polar group, the 
limiting case being that of «$-isooleic acid, which forms condensed films as shown by 
Hughes (J., 1933, 338). 

The formation of expanded films of the tvans-acids (petroselinic and elaidic) at low 
pressures must be attributed to some factor other than structural configuration, since the 
saturated acid of the same chain length forms condensed films. In view of the evidence 
that unsaturated hydrocarbons are more soluble than the saturated, it has been suggested 
that the double bond is attracted to the water surface, thereby causing expanded films. 
However, the weak hydrophilic nature of the double bond is shown by the fact that the 
limiting areas of the cis-acids are the same and independent of the position of the double 
bond. It seems doubtful whether this weak attraction is sufficient to account fully for 
the expanded films of the ¢vans-acids at low pressures. 

The Effect of Hydrogen-ion Concentration.—The effect of a change in hydrogen-ion 
concentration of the substrate from py 3 to py 7-2 is shown in Figs. 1—4. When the sub- 
strate is rendered more alkaline, the films undergo a relative expansion at large areas and 
a contraction at high pressures. Harkins and Myers (J. Chem. Physics, 1936, 4, 716) 
showed that the same phenomenon of expansion followed by contraction occurs with 
myristic acid on ionisation, and attributed the expansion to a repulsion of the ionised head 
groups, but did not attempt to explain the subsequent condensation effect. Although on 
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these substrates there is undoubtedly increased hydration and the long-range forces are 
electrical repulsive ones, yet it seems possible that on compression of the film the number 
of “‘ free ’’ ions becomes smaller owing to the accumulation of the ‘‘ bound ” ions, and in 
many cases, as for example on acid soaps, actual association might well occur. The 
experimental evidence for this hypothesis, however, is admittedly very incomplete. 

The cis-unsaturated acids which form oil lenses when undissociated do not exhibit 
this property on ionisation, but rather form unstable liquid films at high pressures. The 
non-formation of oil lenses may be attributed both to the increased hydration and to the 
attractive forces between polar groups being greater than the negative spreading force of 
the hydrocarbon chains, the instability of these films being due to the non-packing of the 
asymmetric chains. The formation of stable solid films of the ¢rans-unsaturated acids on 
py 7-2 substrates is dependent on the interlocking of the chains and also on the attractive 
forces between polar groups. 

Surface Potential Characteristics.—The values of u, the vertical component of the dipole 
moment, calculated from the Helmholtz equation (AV = 4nny) at different values of n 
(mols. x 10*4/sq. cm.) are given in Table II. The values of p, calculated from the AV—N 
curve determined by Hughes (oc. cit.), are included for the purpose of comparison. 


TABLE II. 


Values of p X 10-1 (e.s.u.) at m x 1014 (mols./sq. > taal 
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For the same number of molecules per sq. cm., the values of » are very nearly constant 
for the cis-unsaturated acids, i.e., they are independent of the position of the double bond 
in the hydrocarbon chain. F urthermore, the values of u for the ¢vans-unsaturated acids 
are equal to those for the saturated acid (myristic). These facts indicate that the double 
bond, when removed by at least four CH, groups from the carboxyl group, does not 
contribute to the vertical moment of the dipole. This conclusion is not in agreement with 
that of Hughes (loc. cit.), since he found the values of » for oleic and cis-petroselinic acids 
(2-1 x 10° e.s.u.) to be slightly greater than that for myristic acid (1-8 x 10° e.s.u.). 
The effect of the double bond when adjacent to the carboxyl group has, however, been 
clearly demonstrated by Hughes, who found the electric moment (4:2 x 10°” e.s.u.) of 
a8-tsooleic acid to be approximately double that of the saturated acid (stearic) in the 
corresponding state. As indicated above, the double bond itself does not contribute to the 
vertical dipole moment of unsaturated acids, but when adjacent to the carboxyl group it 
causes an induction in the polar group. 

The slope of the surface-potential curves of a ¢rans-unsaturated compound is slightly 
greater than that for the corresponding cis-isomer (seen graphically in Fig. 1—4). This 
results from the more symmetrical structure of the chains in the trans-compounds, which 
allows the whole molecule to orientate in a more nearly vertical position than in the cis- 
isomers. Since the values of u for the ¢vans-unsaturated acids are equal to those for 
myristic acid, the average orientation of the polar groups must be the same; this provides 
further evidence of the similarity of the ¢rvans-isomeric acids and saturated acids. 

4G 
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There is an abrupt change of slope of the surface-potential curves in those films which 
are transformed by compression from the liquid-expanded state to the solid-condensed 
state (Figs. 1—4). This change must be associated with a reorientation of the polar group. 

It is worthy of mention that the extrapolated surface-potential curves of the unsaturated 
acids (py 3) intercept the ordinate axis at small values of AV (largest value found, 30 mv.— 
for trans-petroselinic acid). According to the views expressed by Schulman and Hughes 
(Proc. Roy. Soc., 1932, A, 188, 430), this indicates negligible contribution of the ions in the 
substrate to the surface potential of the acid films, a zero effect of the substrate being 
fulfilled when the extrapolated curve passes through the origin. On ionisation of the 
films (f,, 7-2) the intercept values of the surface potential of the films in the expanded state 
are much larger (> 80 mv.), indicating, among other effects, the absorption of ions by the 
monolayer from the underlying solution. 

Langmuir (J. Chem. Physics, 1933, 1, 756) has shown that the conception of a duplex 
film for monolayers in the liquid-expanded state leads to the following equation of state : 


_(F — Fo) (@ — a) = AT 


where F = force in dynes/cm. exerted by the monolayer on a movable barrier, Fy = 
negative spreading force of the hydrocarbon chains, a = area (sq. A.) occupied per molecule, 
and a) = empirical constant. If F and a are considered as variables, the above is a rect- 
angular hyperbolic equation, with asymptotes at F = Fy and a = 4. 

The force—area curves calculated by using the values of a, and Fy, shown in the Table 
III, agree remarkably well with the experimental curves, except at high pressures. The 
calculated erucic acid curve (fq 7-2) does not agree as well as those of the other liquid- 


expanded films. 





TABLE III. 








pu of substrate. Compound. Qo, A.*. — F,, dynes/cm. 

2 Oley] alcohol 15-76 12-63° 

2 Oleic acid 19-5 (19-9) 11-9 (11-2) 
7-2 - 18-0 10-0 

2 cis-Petroselinic acid 18-5 13-25 

7-2 ie ve 17-7 10-7 

2 Erucic acid 18-5 13-75 

7-2 on 15-7 11-0 

2 Elaidic acid 15-95 12-1 

7-2 a 16-15 10-85 

2 trans-Petroselinic acid 15-5 12-66 

7-2 ai - 14-2 10-0 








The values of a, and Fy for oleic acid calculated by Langmuir from the experimental 
curve as given by Adam and Jessop (Proc. Roy. Soc., 1928, A, 120, 478), and shown in 
parentheses in the above table, agree very well with those determined in this investigation. 

Langmuir has indicated that a, will be equal to the area per molecule (18-6 A.*) for close- 
packed chains on the basis of the existence of only repulsive forces of very short range, but 
since there is evidence of short-range attractive forces between polar groups, then such 
forces will tend to decrease the apparent value of a. As the results in Table III indicate, 
the values of a, for the films on a neutral substrate (p,q 7-2) are smaller than the values of ay 
for the films spread on an acid substrate. This decrease in dy is to be expected as a 
consequence of the ionisation of the film molecules and a subsequent increase in attractive 
forces between head groups. 

Owing to the closer packing possible for their more symmetrical structures, the values 
of a, for the trans-compounds are less than those for the cis-isomers by approximately 3 a.”. 

The smaller values of — F, on neutral substrates may be ascribed to an increased hydr- 
ation of the terminal head groups causing a reduction in the van der Waals forces between 
the lower portions of the hydrocarbon chains. 

Equimolecular Mixed Monolayers.—The foregoing experimental data suggest that the 
configuration of the ¢vans-unsaturated acids is similar to that of the saturated acids, and 
that in both these compounds interlocking of the chains occurs. In the case of the cis- 
compounds, not-only is there no interlock, but a greater expansion and the formation of an 
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oil lens distinguishes these from the first two classes of compound. These views are 
confirmed by examining the characteristics of equimolecular mixed films of the saturated 
cetyl alcohol with elaidy] (tvans) and oleyl (cis) alcohols severally. These are shown in Fig. 6. 

The ‘‘ calculated ’’ curves depicted show the mean molecular area on the assumption 
that the component molecules have no effect upon each other. We note that in the cetyl- 
elaidyl mixed film condensation takes place at high areas; this is followed by a slight 
expansion at lower areas, forming a stable, very incompressible solid film at 20 a.?, which 
is homogeneous to the collapse point at areas below 19 a.2._ The cetyl-oleyl alcohol mixed 
film, on the other hand, shows no evidence of such interlock but reveals an initial expansion 
of 5 a.*. This diminishes with increasing pressure, and at 20 a.? and a pressure of 35 
dynes/cm. the oleyl alcohol is forced out of the mixed film under conditions where this 
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component forms an oil lens (F = 35-6 dynes/cm., A = 21 A.”). A mixed film of oleyl and 
elaidyl alcohols behaves in a similar manner to the cis-unsaturated-saturated alcohol 
mixture. 

Oxidation of the Isomeric Unsaturated Acids.—The oxidation of erucic and brassidic 
acids in bulk phase yields two dihydroxy-isomers (Hilditch, J., 1926, 1828). In acid 
solutions, erucic acid yields dihydroxybehenic acid, m. p. 100°, and brassidic acid forms 
the isomer with m. p. 130°: these will be referred to as the “‘ cis’’- and the “ trans’’- 
dihydroxy-acid respectively. According to Hilditch (loc. cit.), an inversion occurs in 
alkaline solution, erucic and brassidic acids forming respectively the “ tvans’’- and the 
“ cis ’’-dihydroxy-acid. 

In an earlier investigation (Hughes and Rideal, Proc. Roy. Soc., 1933, A, 140, 253) the 
oxidation rates of monolayers of oleic and cis-petroselinic acids by dilute permanganate 
were followed at constant area, and it was found that the pseudo-unimolecular constant 
decreased on compression. Examination of the force—area characteristics, however, reveals 
the fact that in the area region where these acids form homogeneous liquid-expanded films, 
the oxidation products form unstable vapour-expanded monolayers. Changes in reaction 
velocity at different areas under these conditions cannot be interpreted as solely due to 
changes in molecular orientation. In this investigation, accordingly, the reaction kinetics 
were followed by measuring the rate of change of area at constant pressure, such pressures 
being employed that the reaction product formed a stable film. 
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Erucic acid was spread on 0-005% potassium permanganate + N/100-sulphuric acid 
substrate at F = 2 and F = 8 dynes/cm. The film expands rapidly at first, then more 
slowly, followed by eventual contraction, and solution of the products of oxidation. It 
is interesting to note that the dihydroxy-acids themselves are stable when spread on this 


substrate. The AA-time curves are shown in Fig. 7. 
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The initial portions of the curves are of unimolecular form, and the velocity constant 
calculated from the usual expression, (A, — Aw)/(Ag — Aw) =e, gave the following 
values : 

Force, dynes/cm. Area, A.2, = Rani (min.-}). Force, dynes/cm. Area, A.?. 9 Rupi (min). 
2 44-0 0-4 8 36-8 0-3 
The decrease in &,,; On compression indicates a decrease of the accessibility of the double 
bond to the oxidising agent. 

It was found that in the case of brassidic acid, permanganate solution between the 
chains was picked up mechanically during the process of spreading; consequently, the 
monolayer was spread on the acid substrate, compressed to F = 8 dynes/cm., and 
permanganate subsequently injected to give a concentration of 0-:005%. At F=8 
dynes/cm. the oxidation rate of brassidic acid is negligible, the film expanding by only 
0-5 A.2 in 20 minutes. On decreasing the pressure to 2 dynes/cm., a rapid expansion 
takes place. The curve is shown in Fig. 7, and is not unimolecular. This is due to the 
fact that there is a marked interaction in mixed films of brassidic acid and its oxidation 
product. In the early stages the brassidic acid causes a condensation of the oxidised acid ; 
an expansion of the brassidic acid by the vapour-expanded dihydroxy-acid follows during 
the latter part of the reaction. 

The alteration in velocity of oxidation of the two unsaturated acids on compression is 
very different. The trans-compound is more sensitive to compression, since the film is 
converted on release of the pressure, from F = 8 to F = 2 dynes/cm., from a solid into a 
liquid, whilst in erucic acid compression of the liquid film causes a smaller decrease in the 
reaction velocity. The complete inhibition of the oxidation of the brassidic acid in the 
solid state provides further evidence of the close-packed structure of the trans-acids. 
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Dihydroxy-acids.—In Fig. 8 are shown the F—A and AV-x curves for the two dihydroxy- 
acids; the “‘ cis ’’-acid forms films of the vapour-expanded type, as would be anticipated 
for molecules which have two possible points of attachment to the substrate, viz., the 
carboxyl and the two hydroxyl groups. The value of » for this dihydroxy-acid is 5-0 x 10° 
e.s.u. Compared with the value to be expected (Ay ~ 4-0 x 10°! e.s.u.) on the assumption 
that the dipole moments are additive, the observed increase in p (Au ~ 3-0 x 10°!* e.s.u.) 
on addition of the two hydroxyl groups indicates appreciable interaction between these 
adjacent groups. 

The ‘‘ trans ’’-acid, on the other hand, forms homogeneous condensed films at 34 A.?, 
and behavesasanelastic solid up to26 A.”, beyond which it is converted into a strong solid film. 
The value of » is 2-3 x 10° e.s.u. (n = 4 x 10“ mols./cm.?), which is approximately the 
same as for the corresponding unsaturated acid (brassidic). The non-hydrophilic character 
of the two hydroxyl groups in the ¢rans-position, the formation of a solid film, and the 
disappearance of any dipole contribution from these groups suggest that there is hydrogen 
bonding between adjacent molecules forming a polymeric linkage (I), as may possibly 


H H H 
wtof sot  nto/ n—to/ 
; ‘ H | H | * etc. " H 
So-C-H ~ H-C—0% ‘o-C—H H—C—0” 
WH” as | 
occur in other laterally adhering chain systems such as cellulose. In the case of the “‘ cis ’’- 
dihydroxy-acid the formation of polymeric molecules is prevented, since interaction occurs 
between adjacent hydroxyl groups in the single molecule of the type (II). Such inter- 
action between these groups has been clearly demonstrated by Pauling from the infra-red 
measurements on catechol (J. Amer. Chem. Soc., 1936, 58, 94). 

It is interesting to note that the oxidation products of both erucic and brassidic acids 
in the form of monolayers on the dilute acid permanganate appear to be identical, and to 
correspond most closely with the properties of the “ cis ’’-dihydroxy-acid as described by 
Hilditch : the limiting areas indicated a loss of as much as 20% of the “ cis ’’-dihydroxy- 
acid from the surface. There is thus some evidence for a directive oxidation due to 
orientation at an interface. 


etc (II.) 


The authors are indebted to Professor T. P. Hilditch for the specimens of the compounds 
used in this investigation, and to the Commissioners of the 1851 Exhibition for an Overseas 


Scholarship (J. M.). 
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215. Liquid-phase Reactions at High Pressures. Part IV. The Auto- 
condensation of cycloHexanone, and its Condensation with Aniline. 


By R. H. Sapiro and SHu-LIN P’ENG. 


The autocondensation of cyclohexanone under pressure in the absence of a catalyst 
has been studied further, and the yield of 2-A1-cyclohexenylcyclohexanone found to 
be dependent upon the temperature and pressure. Silica reaction tubes gave the 
same results as glass ones. 

With aniline, the ketone gave both anil and autocondensation product. Calculation 
of the equilibrium concentrations showed both reactions to be favoured by pressure 
but to have opposite temperature coefficients. At 5000 atm. the autocondensation 

. product underwent a measurable amount of condensation to its anil above 60°. 


In Part I (J., 1937, 876) the autocondensation of cyclohexanone in the absence of a catalyst 
was recorded. At 4500 atm. pressure and 60° the ketone, in the presence of 1 mol. of 
diluent, gave some 2% of 2-A!-cyclohexenyleyclohexanone. This condensation has been 
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investigated further, and the maximum yields of unsaturated ketone obtained at 60° 
and 100° at pressures up to 5000 atm. are given in Table I. 


TABLE I. 


Autocondensation of cyclohexanone (no condensing agent) : 
2C;Hj9-CO == C,H,°C;H,.CO + H,O 
20° 20° 60° 60° 60° 100° 100° 100° 100° 
Pressure (atm.) 5000 1 3500 5000 1 2000 3500 5000 


Molar concn. of unsat. 
ketone * Nil Nil Nil 0-021 0-033 Nil 0-084 0-212 0-361 


* No measurable yield. 


Comparative experiments with glass and silica reaction tubes at 100° and 5000 atm. 
pressure showed that autocondensation in the absence of a base is not essentially due to 
alkalinity of the glass under pressure conditions. Maximum yields of 36-1% and 36-0% 
condensation were obtained for glass and silica respectively, and the rate of reaction was 
approximately the same in both cases. The yields were estimated by standardised frac- 
tionation of a known weight of reaction mixture as described in the experimental section. 

Condensation with Aniline.—Since pressure facilitates the condensation between 
cyclohexanone and cyanoacetic ester in the presence of piperidine (Part I, loc. cit.), we 
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have investigated the autocondensation of the ketone in the presence of aniline, which 
proved a suitable base for isolation of the product of condensation between ketone and 
base. Table II shows the yields of anils obtained from equimolar mixtures of aniline 
with various ketones at atmospheric and at 3500 atm. pressure in the absence of a con- 
densing agent. cycloHexanone showed the greatest response to pressure, and neither 
methyl ethyl ketone nor diethyl ketone reacted with the base. Formation of cyclo- 
hexanoneanil in the absence of a condensing agent is quite rapid at atmospheric pressure 
and 20° (see Table II), an observation apparently not made hitherto. Reddelein and 
Meyn (Ber., 1920, 58, 345) obtained the anil (b. p. 138—142°/19 mm.) by reaction at 155° 
with zinc chloride (cf. Hoch, Compt. rend., 1934, 199, 1428). 


TABLE II. 


Anil formation (no condensing agent). 


Press. Time Concn. Press. Time Concn. 
Ketone. (atm.). Temp. (hrs.). of anil. Ketone. (atm.). Temp. (hrs.). of anil. 
1 20° 2 0-103 a-Methylcyclo- { 1 100° 66 0-112 
loH " 100 2 0-121 hexanone 3500 60 s 0-138 
ayaa 1 a | 6 aS 2 0-161 1 100 66 0-040 
( » * 66 0-180 Acetophenone < 3500 os 2 0-106 
1 100 66 0-082 7 Bd 66 0-105 
cycloPentanone { 3500 60 pr 0-123 
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A series of experiments was made at temperatures up to 130° and at pressures up to 
5000 atm. The yields, obtained from both forward and reverse reactions, were determined 
by a standardised fractionation under reduced pressure, and in Table III are expressed 
as % (by wt.) of the reaction mixture after correction for free aniline in the weighed 
fraction. 2-A?-cycloHex nylcyclohexanone was isolated and identified by means of its 
semicarbazone. Experiments at 5000 atm. gave a high-boiling fraction when the reaction 
temperature was 100° or higher. This on hydrolysis gave aniline and 2-A}-cyclohexenyl- 
cyclohexanone, and was no doubt the anil of that ketone. 


TABLE III. 


Condensation of cyclohexanone and aniline (equimolar mixture) : 

C5Hj)-CO + NH,Ph == C,H,)-NPh + H,O; 2C;Hj).CO => C,H,°C;H,:CO + H,0. 

Total condn. product 

(% by wt. of reaction Total condn. product (% by wt. 

mixture). of reaction mixture). 
A . Press. “~ al 

B.* Mean. (atm.). Temp. A. B.* Mean. 
12-4 12*35 20° , 15-1 15-0 








12-2 12-15 2000 60 ° 14-9 14-9 

12-9 12-9 130 , 16-8 16-65 

17-7 17-7 20 at 21-3 21-5 
5000 


60 ° 21-3 21-25 
17-8 17-65 100 (1-4¢) 19-9 (1-44) 19-95 (1-4) 
16-7 16-7 130 16-5 (5-3f) 16-7 (5-4f) 16-6 (5-35) 
* A = from forward reaction (mean of 2 expts.); B = from reverse reaction (mean of 2 expts.). 
tT Fraction b. p. 200—210°/15 mm. 


18-0 18-05 


The proportions of anil and unsaturated ketone were determined in the case of ex- 
periments at 20° and 100°, as described in the experimental section, and from the molar 
concentrations at equilibrium K, was calculated for each pressure at the two temperatures. 
The values are given in Table IV, and in the figure log K, x 10‘ is plotted against pressure. 
The two reactions have opposite temperature coefficients, but are both promoted by 
pressure. 

TABLE IV. 


Condensation of cyclohexanone and aniline. 
K, X 104, calc. for K, X 104, calc. for 


Unsatd. Press. = ; Unsatd. 

Anil. ketone. Temp. (atm.). Anil. ketone. 
25-2 -= 1 27-1 —- 
- 337 18-2 2000 282 454 
20 | 573 64:3 100° 3500 379 972 
944 82-3 5000 530 2470 








EXPERIMENTAL. 


cycloHexanone was redistilled through an 18” column, and the fraction, b. p. 156°/760 mm., 
was used, being frequently redistilled throughout the series of experiments. “‘ AnalaR ”’ 
Aniline was redistilled under reduced pressure, the first and the last quarter being rejected, 
and the collected fraction was stored out of contact with light. Reaction mixtures were freshly 
made up by weighing for each experiment, the mixture being inverted in a glass tube over 
mercury and placed in the pressure vessel—heated to the desired temperature—or in a thermo- 
stat in the case of atmospheric pressure experiments. The mercury used was agitated several 
times with dilute nitric acid, washed, filtered, and dried in a vacuum. The apparatus used 
has been fully described in Part I (loc. cit.). 

The mixture after reaction was weighed into a 50 c.c. Claisen flask and carefully fractionated 
under reduced pressure. The fraction boiling from 146°/15 mm. was collected and weighed. 
The results given in Table I are calculated from the weight of the fraction corrected for some 
6% of cyclohexanone present. The same apparatus and procedure were always used, and 
duplicate experiments showed the method to be satisfactory. 

The crude fraction was converted into semicarbazone, which was recrystallised by the 
method of Kon and Nutland (J., 1926, 3101). It had m. p. 192° either alone or admixed with 
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an authentic specimen of 2-A!-cyclohexenylcyclohexanonesemicarbazone (m. p. 192°). After 
redistillation, the ketone had b. p. 106—107°/0-1 mm., nj” 1-4988, M (cryoscopic in benzene) 
176-0 (Calc.: 178). Kon and Nutland found b. p. 145°/17 mm. and mj" 1-50692 for the 
pure ketone regenerated from its semicarbazone. x 

The reaction mixtures from condensations of the ketone with aniline were fractionally 
distilled as above, and the fraction boiling from 135°/15 mm. was weighed. Analyses of the 
products from several pressure experiments showed the presence of oxygenated material, and 
2-A!-cyclohexenylcyclohexanone was isolated and identified from the product of an experiment 
at 5000 atm. and 100° as follows. The fraction collected was shaken for 15 mins. with 100 c.c. 
of cold 12% sulphuric acid and then extracted with ether. The extract was washed with fresh 
cold acid and with water, dried, filtered, and evaporated. The residue was distilled from a micro- 
Claisen flask. The first fraction was cyclohexanone, from its anil by hydrolysis, and the second, 
b. p. 100—106°/0-1 mm., had n?° 1-4998. It was converted into semicarbazone which, recrystal- 
lised from alcohol, had m. p. 192°, unchanged by mixture with an authentic specimen of 2- 
A'-cyclohexenylcyclohexanonesemicarbazone or with that obtained from pressure experiments 
without aniline (Found : C, 66-5, 66-3; H, 8-9, 8-8; N, 17-9, 17-6. Calc.: C, 66-35; H, 8-9; 
N, 17-9%). 

The proportion of anil to autocondensation product was estimated as follows. Duplicate 
weighed amounts (0-4—0-5 g.) of the fraction, b. p. 135—145°/15 mm., were gently boiled in 
open conical flasks with 20 c.c. of 10% hydrochloric acid for 30 mins., care being taken 
to avoid concentration beléw about 10 c.c. The cooled residual liquor was diluted to about 
30 c.c., and the aniline titrated with n/2-bromate—bromide solution. The method was tested 
with known mixtures of cyclohexanoneanil and cyclohexenylcyc/ohexanone to find whether any 
ketone had not been driven off during the boiling and so gave rise to errors in the estimation. 
Results showed the method to be satisfactory. It was then necessary to apply a correction 
for free aniline carried over during the distillation and weighed in the collected fraction. By 
distilling mixtures of aniline and pure anil, collecting the fraction of b. p. 135—145°/15 mm., 
hydrolysing it, and estimating the aniline as above, the necessary figure was found. 

High-boiling fraction from 5000-atm. experiments. This fraction, b. p. 200—210°/15 mm., 
was collected separately, and a sample was investigated as follows. It was refractionated at 
0-1 mm. in a micro-apparatus, and the main fraction, b. p. 170—180°, collected. It was a thick 
yellow oil, 35° 1-5454. Reddelein and Meyn (loc. cit.) reported b. p. 212—214°/18 mm. for 
cyclohexylidene-2-cyclohexanoneanil. 0-4 G. of the fraction was hydrolysed in the cold, and 
the ketone, after removal of aniline, was converted into semicarbazone. This, when recrystal- 
lised, had m. p. 194°; when mixed with an authentic specimen of 2-A!-cyclohexenylcyclo- 
hexanonesemicarbazone or with the semicarbazones obtained from pressure experiments it 
melted at 192—193°. 

The acid extract from the hydrolysis gave tribromoaniline on bromination. 
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216. The Constitution of Damson Gum. Part I. Composition of 
Damson Gum and Structure of an Aldobionic Acid (Glycuronosido- 


2-mannose) derived from it. 
By E. L. Hirst and J. K. N. JONEs. 


Samples of damson gum from several sources have been examined and evidence has 
been obtained that the gum is essentially a homogeneous polysaccharide. On 
hydrolysis it gives d-glycuronic acid, d-galactose, d-mannose, and /-arabinose. 
Methods have been developed for the quantitative estimation of these sugars and the 
composition of the gum has been determined. By graded hydrolysis of the gum, the 
arabinose residues can be preferentially removed, leaving a polysaccharide (A), the 
repeating unit of which contains d-glycuronic acid (1 mol.), d-mannose (1 mol.), and d- 
galactose (2 mols.). On further hydrolysis the polysaccharide (A) yields an aldobionic 
acid (d-8-glycuronosido-2-d-mannose) of novel and unexpected constitution. Proof is 
given of the constitution of this aldobionic acid, which is one of the fundamental units 
in the structure of the damson gum molecule, and the significance of the occurrence of 
the linkage through C, of the mannose residue is discussed. 
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THE gum which is exuded on the bark of damson trees as a brownish semi-solid mass is the 
neutral salt of an acidic polysaccharide, which can be transformed readily into a crisp white 
ash-free powder by precipitation from an acidified aqueous solution by addition of alcohol. 
Samples of the ash-free gum from several trees and from different districts have been 
examined, and it appears that damson gum is essentially a homogeneous chemical entity 
having an equivalent weight of ca. 1100 and [«]?” — 26° (as sodium salt in water. See 
Table I). In appearance and properties the substance is a typical gum, resembling gum 
arabic and cherry gum in the viscosity of its aqueous solutions. The analytical figures 
for uronic anhydride and for furfural indicate that there are present respectively 16-4% of 
uronic anhydride and 36-2% of pentosan. Examination of the sugars obtained on hydrolysis 
of the gum showed that the pentose was almost exclusively /-arabinose, and the uronic 
acid was d-glycuronic acid. d-Galactose and d-mannose are present also, but other sugars 
have not been encountered.* The mode of attachment of the /-arabinose residues, which 
are combined in the furanose form, and of the galactopyranose residues, will be considered 
in Part II, where the hydrolysis products obtained from the fully methylated gum will be 
described. One feature of special interest, which is the main concern of the present paper, 
is that in damson gum there occurs an entirely novel type of aldobionic acid, in which d- 
glycuronic acid is attached by a glycosidic link to the second carbon atom of the d-mannose 
residue. The rate of hydrolysis of the mannosidic link by which the aldobionic acid is 
joined to the rest of the molecule indicates that the mannose residue is of the pyranose 
type. It follows that the structure (I) is a fundamental portion of the damson gum mole- 
cule. The elucidation of the constitution of the aldobionic acid is therefore a first stage 
towards the assignment of a detailed structural formula to the gum itself. 

It is of interest to contrast the aldobionic acid present in this gum with the one which 
plays a corresponding part in the structure of gum arabic. In the latter the aldobionic 
acid is d-glycuronosido-6-d-galactose (Challinor, Haworth, and Hirst, J., 1931, 258). In 
other gums, as, for instance, the specific capsular polysaccharides of Types III and VIII 
pneumococcus, there occurs an aldobionic acid, §-d-glycuronosido-4-d-glucose, in which 
the attachment is via C, of the glucose residue (Hotchkiss and Goebel, J. Biol. Chem., 1937, 
121, 195), but so far as we are aware, this is the first recorded instance of an aldobionic acid 
containing a mannose residue, and the first in which the uronic acid is linked to position 2 
of the sugar residue. It is, in fact, becoming apparent from recent work that, amongst 
natural substances, glycosidic linkages involving carbon atoms of a sugar residue other 
than C, or C, (which at one time appeared to be specially favoured) are more usual than 
was supposed to be the case. As further examples may be mentioned linkage through 
C;, which occurs in the galactose residues of gum agar (Percival and Somerville, J., 1937, 
1615), and, as will appear in a subsequent paper, the same type of linkage is found also 
in the galactose residues of damson gum. Finally, the only other possible type of linkage, 
namely, through C,, is represented in the galactofuranose residue of galactocarolose 
(Haworth, Raistrick, and Stacey, Biochem. J., 1937, 31, 640). 

The evidence for the structure of the aldobionic acid from damson gum rests on the 
following observations. The ash-free gum, which is slightly acidic, undergoes auto- 
hydrolysis when its aqueous solution is heated at 90—95°, the products being /-arabinose, 
d-galactose (a trace), and a polysaccharide (A) composed of d-galactose, d-mannose, and 
d-glycuronic acid. The quantitative data showed that the repeated unit of the original 
polysaccharide contained the sugar residues in the following proportions, glycuronic (1 
mol.), galactose (2 mols.), mannose (1 mol.), arabinose (3 mols.). All the arabinose residues 
are removed under conditions which indicate that they are attached to the main portion 
of the polysaccharide by furanoside links. The mode of attachment of the galactose which 
is removed during autohydrolysis is not yet clear and is at present under investigation. 
It is possible that it is derived by hydrolysis of polysaccharide (A). 

The arabinose-free polysaccharide (A) on further hydrolysis gives rise to the aldobionic 
acid and galactose. The aldobionic acid resists hydrolysis, but on drastic treatment it is 

* (Added July 19th, 1938.) It now appears that damson gum contains a little combined xylose 
(ca. 3%), since 2: 3: 4-trimethyl xylose has been isolated after hydrolysis of the methylated derivative 
of polysaccharide (A). The significance of the observance will be discussed in Part II. 
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split up into equal proportions of d-glycuronic acid and d-mannose. Methylation of the 
aldobionic acid results in the formation of the fully methylated derivative (II) (methyl ester 
of heptamethyl 8-d-glycuronosido-2-d-mannopyranose). This fully methylated derivative 
({«] —16°) consists of a mixture of «- and ®-forms so far as the mannose residue is 
concerned. Normally, «$-mixtures of mannopyranosides are strongly dextrorotatory 
and it seems highly improbable that the mannose portion on combination with the even 
more strongly dextrorotatory «-glycuronoside residue would give rise to a total negative 
rotation. For this reason we tentatively assign the §-glycosidic structure to the 
aldobionic acid. 
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On hydrolysis with mineral acid, (II) yields in equimolecular proportion 2:3: 4- 
trimethyl d-glycuronic acid (IV) and 3: 4: 6-trimethyl d-mannose (III). The latter was 
identical with the 3: 4 : 6-trimethyl d-mannose described by Bott, Haworth, and Hirst 
(J., 1930, 1395) and the identification was confirmed by transformation of (III) into the 
corresponding lactone (V). This was the same as the lactone previously described (Bott, 
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Haworth, and Hirst, Joc. cit.), and gave a crystalline amide (VI) identical in all respects 
with an amide we have now prepared from a sample of Bott, Haworth, and Hirst’s lactone. 
Additional confirmatory proof that the methyl groups in the sugar (III) are at positions 
3, 4, and 6 was provided by the observation that the amide (VI) gave a strong positive 
Weerman reaction (Rec. Trav. chim., 1917, 37, 16) with sodium hypochlorite, indicating 
the presence of a hydroxyl group in om 

The identity of the methylated uronic acid (VII) was established by its conversion on 
oxidation by bromine water into 2 : 3 : 4-trimethyl saccharic acid (X), which on esterifica- 
tion by methyl alcohol gave the crystalline methyl ester of 2:3: 4-trimethyl saccharo- 
lactone (XI), identical with the sample of this substance described by Charlton, Haworth, 
and Herbert (J., 1931, 2855) and by Robertson and Waters (ibid., p. 1709). By the action 
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of ammonia on the methylated methyl glycuronoside (VIII) a crystalline amide was obtained 
which consisted of the mixed a- and 8-forms of the amide (IX). These observations show 
clearly that the uronic acid residue was the pyranose form of glucuronic acid and that in 
the aldobionic acid (I) the glucuronic acid is attached by a glycosidic link to position 2 of 
the mannopyranose residue. 


EXPERIMENTAL. 


Purification and Properties of Damson Gum.—The gum, as exuded by the damson tree, is a 
brownish viscid mass, containing bark and other impurities. It gradually darkens and hardens 
on exposure to air, owing to the removal of water from the nodules of gum. The crude gum 
is neutral in reaction (salt formation with metallic radicals). Purification was effected, and the 
gum obtained as the ash-free, slightly acid polyuronide, by dissolving the crude material (100 g.) 
in warm water (2 1.) and removing the insoluble material on the centrifuge. The clear solution 
was decanted, and filtered through a fine cloth, and the filtrate (1} 1.) poured with stirring into 
absolute alcohol (7 1.) containing concentrated hydrochloric acid (50 c.c.). The gum was ground 
once with absolute alcohol (250 c.c.) containing concentrated hydrochloric acid (10 c.c.). After 
filtration, the solid was triturated with absolute alcohol until the filtrate and the gum no longer 
gave a positive test for chloride ions. The resulting pale cream powder was dried at 50°/12 mm. 
This procedure gave a gum which was easily soluble in water and in dilute aqueous sodium 
hydroxide, giving pale yellow, viscous solutions. If the gum was not freed from all traces of 
water before drying in a vacuum, it gave a horny solid which dissolved exceedingly slowly in 
water and in alkaline solutions. 

It gave a soluble neutral thallium salt, but addition of excess of aqueous thallium hydroxide 
precipitated an insoluble thallium complex. The gum did not reduce Fehling’s solution, and 
did not give with Fehling’s solution an insoluble copper complex (contrast araban and pectic 
acid; Hirst and Jones, this vol., p. 496). Samples of damson gum from different trees and 
from widely different sources were purified and were found to have substantially the same 
constants. 


TABLE I. 


Sample No. Equiv. wt.*. [ale .t Source. 

1105 — 26-9° Mixed nodules from tree (a) (Staffs.). 
1140 — 29-2 ” ” (b) 
1073 — 26-7 Single nodule 
1108 — 24-2 Ri ie 
1105 — 26-5 “ ‘a 
1082 — 28-0 9 , (f) ” 
1100 — 25-4 Mixed nodules (g) (Derbyshire). 
1138 — 24:8 a a a (h) (Staffs.). 
1130 — 27-2 ss a » several trees. 


* By titration with n/10-sodium hydroxide. 
t+ As sodium salt in water (c, 1-0). 


1 
2 
3 
4 
5 
6 
7 
8 
9 


The work described below was carried out entirely with sample no. 7. 

On titration with alkaline iodine under the conditions given by Bergmann and Machemer 
for determination of iodine numbers, 1-0 g. of damson gum required 3-0 c.c. of N/10-iodine. 
This small iodine number is probably not significant, particularly as the gum had a small ethoxyl 
content (3%, probably due to esterification during the purification process) [Found: OMe 
content of crude gum, nil; N, nil. Furfural (purified gum), 23-5%, estimated both as phloro- 
glucide and as barbiturate, after treatment of the polysaccharide with boiling 12% hydrochloric 
acid in the usual way. Uronic acid anhydride content calculated from the amount of carbon 
dioxide liberated on boiling with 12% hydrochloric acid, 16-4%]. (A substance containing 
16-4% of uronic anhydride and no other acidic residues should have an equivalent weight of 
1140. Found by titration of the gum with alkali, 1100.) This proportion of uronic anhydride 
accounts for 3-5% of the total furfural (for factor used, see Norris and Resch, Biochem. J., 
1935, 29, 1590), leaving 20-0% of furfural contributed by the pentosan portion of the poly- 
saccharide, and since the only pentose present is /-arabinose (see below) the calculated araban 
content of the gum is 37-6% [Found, 36-2% (from direct estimation of arabinose after 
hydrolysis. See below]. 

Graded Hydrolysis of Damson Gum.—(a) Hydrolysis. Aqueous solutions of ash-free damson 
gum are sufficiently acidic to bring about slow graded hydrolysis when the solutions are heated 
at 90—95° for 24 hours. Damson gum (18-8 g.) was heated with water (300 c.c.) at 90—95°, 
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the reaction being followed by polarimetric and iodometric observations. [a]? — 26° (c = 6-3 
in water, initial value); + 1° (4hrs.); + 18° (8hrs.); + 30° (15hrs.); + 33° (20hrs.); + 34° 
(24 hrs.). (A much slower hydrolysis continues beyond this stage.) The increase in reducing 
power was followed by titration of 1 c.c. portions of the solution with n/10-iodine by the method 
of Baker and Hulton (Biochem. J., 1920, 14, 754). Initial value (in c.c. of N/10-iodine, calculated 
for 1 g. of damson gum) 2-0; 7-0 (2 hrs.); 14-0 (3$ hrs.); 21-0 (5$ hrs.); 30-0 (8$ hrs.); 40-0 
(134 hrs.); 46-0 (194 hrs.); 48-0 (233 hrs.). The cooled solution, when poured into alcohol 
(14 1.), gave an alcohol-insoluble polysaccharide (A) (11 g.), which was washed with alcohol 
and dried. 

(b) Reducing sugars obtained by graded hydrolysis. The filtrate from (A) on concentration 
under reduced pressure gave a syrup (8°8 g.). An iodometric estimation of this syrup by Baker 
and Hulton’s method showed the presence of a total amount of reducing sugar equivalent to 
920 c.c. of N/10-iodine. Some oligosaccharide was present at this stage, since the syrup under- 
went further hydrolysis with n/2-sulphuric acid. [«]#° + 65° (initial value, c = 3-6 in n/2- 
sulphuric acid); 71° (10 mins.); 92° (1% hrs.); 94° (34 hrs.) constant value. The iodine titre 
then indicated the presence of an amount of reducing sugar equivalent to 1110 c.c. of n/10- 
iodine (equivalent to 8-25 g. of pentose or 9-9 g. of hexose). Furfural determinations now showed 
the presence of 7-36 g. of pentose (calculated as /-arabinose). The solution was neutralised with 
barium carbonate and filtered. The filtrate on concentration under reduced pressure gave 
crystalline /-arabinose (6-5 g.), m. p. 160°, [«]}” + 103° (c = 1-7 in water, equilibrium value). 
The mother-liquors contained a further quantity of /-arabinose (0-7 g.), identified as /-arabinose 
diphenylhydrazone (m. p. and mixed m. p. 198°), together with d-galactose (1-4 g.; estimated 
after oxidation to mucic acid). Xylose appeared to be absent, since no cadmium bromide-— 
cadmium xylonate double salt could be detected on oxidation of a portion of the above-mentioned 
mother-liquors with bromine in the presence of cadmium carbonate. A polysaccharide of 
equivalent weight 1058 and containing three molecules of arabinose would yield 42-5% of 
arabinose on hydrolysis (Found, 39-4%). 

(c) Polysaccharide A. Polysaccharide (A) was a white powder, easily soluble in water, 
giving solutions with an acid reaction towards Congo-red. It gave no colour with aqueous 
iodine. Uronic anhydride, 24-2% (calculated from the amount of carbon dioxide evolved on 
heating with 12% hydrochloric acid). Furfural, 7-3% (estimated as phloroglucide after boiling 
with 12% hydrochloric acid under the standard conditions). The polysaccharide on heating 
with nitric acid (d 1-2) gave mucic acid in a yield of 27-3%, corresponding to 43-7% of galactan 
[for the factor used (1-6), see Hirst and Jones, J., 1938, 502]. The equivalent weight (by titration 
with n/10-alkali) was 645. On titration with alkaline iodine by Bergmann and Machemer’s 
method for determination of iodine numbers, 1 g. of polysaccharide (A) required 4-0 c.c. of 
N/10-iodine. A polysaccharide containing a repeating unit of one molecule of d-glycuronic acid, 
1 molecule of d-mannose, and 2 molecules of d-galactose would have an equivalent weight of 
662, would contain 48-9% of galactan and 26-6% of uronic anhydride, and on distillation 
with 12% hydrochloric acid would give 6-7% of furfural. 

(d) Reducing sugars obtained on hydrolysis of polysaccharide A. The polysaccharide (A) 
(5 g.) was boiled with 2n-sulphuric acid (80 c.c.) for 6} hours. The darkening of the solution 
and the production of a little furfural showed that slight decomposition took place. The 
rotation fell from [a]? + 29° to + 26°. The cooled solution was neutralised with barium 
carbonate and filtered. The neutral solution was concentrated at 35°/12 mm. to a small volume 
and filtered, and the filtrate poured into alcohol. The precipitated barium salt (B) (2-0 g.) 
was collected, washed with methyl alcohol, and dried. Concentration of the methyl-alcoholic 
filtrate gave a syrup (3-0 g.), which crystallised. On trituration with alcohol, crystalline 
d-galactose (1-7 g.) was obtained, m. p. 164°, [a]? + 79° (c, 4-5 in water, equilibrium value), 
from which d-galactose-methylphenylhydrazone, m. p. and mixed m. p. 188°, [a]) — 2°5° (¢ = 
0:6 in pyridine), was prepared. The syrup after removal of crystalline d-galactose still contained 
some galactose, identified as mucic acid after oxidation with nitric acid. In addition, it 
contained some d-mannose, since with phenylhydrazine in the cold it gave d-mannose phenyl- 
hydrazone, m. p. and mixed m. p. 190°, [a]#° + 24° (c = 1-26 in pyridine). A solution of the 
above sugars was fermentable by baker’s yeast. 

The syrup on conversion into the glycosides by boiling with methyl-alcoholic hydrogen 
chloride gave crystalline «-methyl-d-mannoside, m. p. and mixed m. p. 193°, [a]? + 89° (c = 
0-7 in methyl alcohol). f 

(e) Aldobionic acid from polysaccharide A. The precipitated barium salts (B) consisted 
of the barium salt of 8-d-glycuronosido-2-d-mannose mixed with a little barium glycuronate. 
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[a}?%” — 16° (c = 3-6 in water) [Found: furfural, 9-0; Ba (estimated as barium carbonate), 
17-6%. The barium salt of 8-d-glycuronosido-2-d-mannose requires furfural, 10-1; Ba, 16-2%]}. 
Oxidation with nitric acid (d 1-2) under the standard conditions for the detection of galactose 
gave no mucic acid, showing that galactose was absent from the aldobionic acid. 

The barium aldobionate (1-3 g.) was resistant to hydrolysis, but its cleavage could be 
effected by boiling with 2n-sulphuric acid (20 c.c.) for 22 hours [«]?” — 15° (initial value; 
c = 6-4); + 0° (7 hrs.); + 8° (14hrs.); + 12° (18 hrs.), the solution then becoming too dark 
for further observations (slight decomposition). The cooled solution was neutralised with 
barium carbonate and filtered. The filtrate, when poured into alcohol, gave an insoluble barium 
salt (0-4g.). It had [a]}% + 15° (in water, c = 1-1) [Found: Ba, 26-0. Calc. for (C,H,O,),Ba : 
Ba, 26-4%], and with p-bromophenylhydrazine it gave the characteristic yellow derivative 
identical with a specimen prepared from authentic d-glycuronic acid. Definite proof that the 
substance was glycuronic acid and not mannuronic acid is given below (see methylation experi- 
ments). The precipitated barium salt gave no mucic acid on oxidation with nitric acid (d 1-2), 
showing the absence of galactose and of galacturonic acid. The alcoholic filtrate from the 
barium d-glycuronate gave on concentration a syrup (0-40 g.), which had [«]?* + 15° (in water, 
c¢ = 0-8). This syrup gave d-glucosazone, m. p. 212°, with excess of phenylhydrazine and 
glacial acetic acid on the boiling water-bath and with ‘phenylhydrazine in the cold it gave 
d-mannose phenylhydrazone in 60% yield. Since pure mannose gives the phenylhydrazone in 
60—65% yield under these conditions and since the rotation of the sugar is close to that of 
mannose, it would appear that the syrup consisted almost exclusively of d-mannose. The 
solution was fermented by baker’s yeast, but only if all the barium ions were first removed. 
In control experiments fermentation both of glucose and of mannose was stopped when barium 
ions were present in the solution. 

(f) Summary of results. Composition of damson gum. The above results indicate that the 
repeating unit in damson gum contains the following sugars in the proportions indicated ; 
l-Arabinose (3 mols.), d-galactose (2 mols.), d-mannose (1 mol.), d-glycuronic acid (1 mol.), 


Uronic acid 


anhydride. Furfural. Araban. Galactan. Mannan. Equiv. wt. 
i. Seeerecrrer 16-6 23-4 37-4 30-7 15-3 1058 
GB. Sidgstancissctiewssns 16-4 23-5 36-2 (1) 31-6 12-2 1100 
37-6 @) 


The arabinose-free polysaccharide (A) contains d-galactose (2 mols.), d-mannose (1 mol.), 
and d-glycuronic acid (1 mol.). 


Uronic 
anhydride. Furfural. Galactan. Mannan. Equiv. wt. 
CEES cacccupsesupese 26-6 6-7 48-9 24-4 662 
i esssssncsncsces 24-2 7:3 43-7 19-5 645 


1 From yield of arabinose and arabinose diphenylhydrazone. 

2 Estimated from yields of furfural and carbon dioxide. 

? Based on sum of galactose eliminated during formation of polysaccharide (A) and galactose present 
in polysaccharide (A), the factor 1-6 being used in mucic acid estimations. Owing to uncertainty as 
to the value of this factor, the galactose figures are approximate only. 

4 These values represent the amount of d-mannose estimated from the yield of mannose phenyl- 
hydrazone. They are minimum figures only, since, as indicated above, the hydrolysis of the aldobionic 
acid could not be effected without partial decomposition of the molecule. 


Methyl Heptamethyl Aldobionate (I1).—The mixed barium salts (B) (5-2 g.) were methylated 
by methyl sulphate and sodium hydroxide (for details, see Challinor, Haworth, and Hirst, Joc, 
cit.). The methylated acid (2-8 g.) was then esterified by treatment with methyl iodide and silver 
oxide in the usual way (yield, 2-8 g.; mj%° 1-4680. Found: OMe, 49-8%). The product on 
fractional distillation gave (a) 0-38 g. of a mixture containing methyl tetramethyl d-glycuronate, 
b. p. 140—175°/0-002 mm., n?” 1-4490, (b) methyl heptamethyl aldobionate (Il) (1-74 g.) as a 
colourless viscid liquid, b. p. 175°/0-002 mm., n}” 1-4675, [«]?”” — 16° in water (c, 0-5) [Found : 
OMe, 52-6; equiv. wt. (by quantitative hydrolysis), 463. C,,H;,0,, requires OMe, 52-8% ; 
equiv. wt., 470]. (The figures for b. p. refer to bath temperatures.) Hydrolysis of the methyl 
heptamethyl aldobionate (1-3 g.) was effected by heating its solution in 7% hydrochloric acid 
at 90—95° for 64 hours. [a]?! — 10° (initial value, c, 4-0); + 7° (20 mins.); + 16° (1 hr.); 
26° (2} hrs.); 31° (3} hrs.); 33° (4 hrs.); 35° (54 hrs.); 35-5° (6} hrs., constant value). (The 
rotation of an equimolecular mixture of 2:3: 4-trimethyl glycuronic acid and 3: 4: 6-tri- 
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methyl d-mannose is + 36°.) The solution was neutralised with barium carbonate, filtered, 
and concentrated to dryness ina vacuum. The product (C) was exhaustively extracted with 
ether; the ethereal solution gave on evaporation 3 : 4 : 6-trimethyl mannose (ITI) (0-58 g.) asa 
syrup, »}*° 1-4705, which slowly crystallised. [a]}%" + 10° in water (c, 1-1) (Found: OMe, 39-8. 
Calc. for C,H,,0,: OMe, 41:8%). In 1% methyl-alcoholic hydrogen chloride the sugar had 
[a]? + 31° (c, 1-4), and this value remained constant for several hours, indicating that there 
was no free hydroxyl group at C,. After recrystallisation from ether, the m. p. was in agree- 
ment with the value (100°) previously recorded (Bott, Haworth, and Hirst, Joc. cit.). 3:4: 6- 
Trimethyl mannose (0-5 g.) was oxidised by bromine water at 40° for 6 hours, the solution being 
then neutralised with silver carbonate and filtered, and the silver removed as sulphide. On 
evaporation of the solution 3 : 4 : 6-trimethyl mannonolactone (0-44 g.) (V) was obtained. This 
was purified by distillation, giving an oil (0-4 g.), b. p. 160° (bath temp.) /0-002 mm., which 
rapidly crystallised to a solid mass. After recrystallisation from ether, the pure lactone was 
obtained, m. p. 99—100° alone and in admixture with the substance prepared by Bott, Haworth, 
and Hirst. There was a large depression in m. p. when this lactone was mixed with 2: 3: 4- 
trimethyl mannonolactone. [«]#° + 168° (initial value in water, c, 3-0); 165° (1? hrs.); 156° 
(54 hrs.); 149° (8$ hrs.); 124° (24 hrs.); 116° (80 hrs., constant value) (Found: C, 48-8; H, 
7:2; OMe, 41-0; equiv. wt. by titration, 219. Calc. for C,H,,0,: C, 49:1; H, 7:3; OMe, 
42-3%; equiv. wt., 220). 

After solution of the lactone in liquid ammonia and evaporation of the solution (compare 
Jelinek and Upson, J. Amer. Chem. Soc., 1938, 60, 356), the amide (VI) of 3: 4: 6-ivimethyl d- 
mannonic acid was obtained in quantitative yield, m. p. (after recrystallisation from acetone) 
141°, [a]? + 25° in water (c, 0-8), the sign of rotation being contrary to that required by the 
amide rotation rule [compare the corresponding 4: 6-dimethyl d-mannonamide, which also 
has a free hydroxyl group in position 2 (Harris, Hirst, and Wood, J., 1935, 1658)]. It gavea 
strong positive Weerman reaction (yield of hydrazodicarbonamide, 40% of the theoretical, 
similar to that obtained with /-arabonamide). The same amide was obtained by treating with 
liquid ammonia a specimen of the 3:4: 6-trimethyl mannonolactone prepared by Bott, 
Haworth, and Hirst (Found: C, 45-7; H, 8-0; OMe, 38-5. C,H,,O,N requires C, 45-6; H, 
8-0; OMe, 39-2%). 

2:3: 4-Trimethyl d-Glycuronic Acid.—After removal of the trimethylmannose from (C), the 
residue consisted of barium trimethyl glycuronate mixed with barium chloride. The solids were 
dissolved in water and the solution after acidification with N-sulphuric acid (2-2 c.c.) was 
concentrated to dryness under diminished pressure. The organic matter was extracted (Soxhlet) 
with boiling ether; the syrup (0-30 g.) obtained on removal of the ether had njf’ 1-4702, [«]}* + 
56° in water (c, 0-2); OMe, 38-4%; equiv. wt., 246. These figures are in agreement with those 
required by 2: 3: 4-trimethyl glycuronic acid (VII), which has n}®* 1-4709, [«]}* + 58° in water 
(Calc. : OMe, 39-4% ; equiv. wt. 236) (compare Challinor, Haworth, and Hirst, Joc. cit.). After 
simultaneous esterification and glycoside formation the syrup gave the methyl ester of 2:3: 4- 
trimethyl d-glycuronoside (VIII), b. p. 140°/0-001 mm., ?* 1-4471, [«]p + 31° in water (c, 0-7) 
(Found: OMe, 56-2. C,,H,,.O, requires OMe, 58-8%), and with methyl-alcoholic ammonia the 
latter substance gave nearly quantitatively the corresponding amide (IX) (mixture of a- and 
8-forms, which could not be separated by crystallisation), m. p. 158° after recrystallisation from 
acetone, [a]? 4- 60° in water (c, 5-9) (Found : C, 48-6; H, 7-6; N, 5-7; OMe, 47-2. C,,H,,O,N 
requires C, 48-3; H, 7-7; N, 5-6; OMe, 49-7%). Oxidation of 2:3: 4-trimethyl glycuronic 
acid (0-29 g.) with bromine water at 60° for 8 hours gave in good yield (0-24 g.) 2 : 3: 4-trimethyl 
saccharic acid (X), which was recognised after esterification with methyl-alcoholic hydrogen 
chloride, as the methyl ester of 2:3: 4-trimethyl saccharolactone (XI), b. p. 140° (bath 
temp.) /0-002 mm., »?° 1-4600. This crystallised immediately to a solid mass, [«]?/° + 102° 
(c, 0-34 in ethyl alcohol), m. p. 110° alone or when mixed with an authentic specimen prepared by 
Charlton, Haworth, and Herbert (J., 1931, 2855) from 2: 3: 4-trimethyl d-glucose. The same 
substance has béen obtained also by Robertson and Waters (J., 1931, 1709) by nitric acid 
oxidation of both 2 : 3: 4-trimethyl d-glucose and of 2:3: 4trimethyl d-glycuronic acid. 


The authors record their thanks to Dr. M. Stacey of the University of Birmingham for 
arranging for the collection of the damson gum used in this work, and to the Colston Research 
Society and Imperial Chemical Industries Limited for grants. 
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217. The Catalytic Phenylation of a-Naphthylamine. 
By HERBERT H. HopGson and EwWART MARSDEN. 


Ammonium iodide, hydrogen iodide, and iodine catalyse the phenylation of «-naph- 
thylamine in decreasing order of efficiency, the first giving the maximum yield of a 
product almost free from the aposafranine-like dyes (I) and (II). Compounds of these 
types are normal products of the oxidation of amines by iodine. 


IODINE as a catalyst for the phenylation of «-naphthylamine and related amines was 
first used by Knoll and Co. (G.P. 241,853). A preliminary investigation of the mechanism 
of the reaction by the present authors (J., 1937, 1365) dealt with the interaction of iodine 
and aniline alone, wherein it was established that the products first formed were p-iodo- 
aniline and aniline hydriodide. In the actual phenylation process, therefore, hydrogen 
iodide would appear to play the essential réle, becoming ammonium iodide intermediately ; 
this would decompose at the reaction temperature with the evolution of ammonia and 
regeneration of hydrogen iodide. In fact, when ammonium iodide is used as the catalyst, 
oxidation to highly coloured, aposafranine-like compounds, which occurs when iodine is 
used, is minimised and the products are much less coloured. 

Nine comparative experiments on phenylation, #-tolylation, and a-naphthylation with 
iodine, hydrogen iodide, and ammonium iodide as catalysts proved definitely that the last 
was the most efficient, inasmuch as the yields were greater by ca. 1% and the crude pro- 
ducts purer (freezing points ca. 2° higher) than those afforded by the other two catalysts, 
of which iodine was the less efficient. That phenylation is the main reaction, however, is 
indicated by the very sluggish action of aniline hydriodide on aniline itself. 

As in the case of aniline (loc. cit.), iodine reacts with «-naphthylamine to give a dye 
of probable constitution (I), and f-iodoaniline reacts to form two dyes, viz., a small quantity 
of (I), which doubtless arises from the action of liberated iodine on a-naphthylamine, and 
a larger amount of (II). These dyes are separated by hot glacial. acetic acid, in which 
(I) alone is insoluble. 


LLY Vero ors 
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EXPERIMENTAL. 


The Reaction between Aniline Hydriodide and a-Naphthylamine in Aniline Solution.—A 
mixture of the three compounds (0-493 g., 28-6 g., and 27-9 g., respectively) was heated for 
12 hours under reflux; the temperature rose from 180° to 230° and ammonia was evolved 
continuously. The phenyl-a-naphthylamine formed (31-2 g.), after being washed with boiling 
10% hydrochloric acid and water, had f. p. 52-6°, raised to 59° by one crystallisation from 
ligroin (f. p. of an authentic specimen, 59°). 

The Reaction between a-Naphthylamine Hydriodide and «-Naphthylamine in Aniline Solution. 
—With respective quantities of 0-61 g., 28-6 g., and 27-9 g., the yield of crude phenyl-«-naph- 
thylamine was 31 g. of f. p. 53°, raised to 59° by one crystallisation from ligroin. 

Comparison of Methods for the Preparation of Phenyl-a-naphthylamine.—(a) With iodine 
as catalyst. Aniline (210 g.), «-naphthylamine (221 g.), and iodine (2-21 g.) were boiled under 
reflux for 12 hours, the temperature rising from 180° to 230°. The cooled product was poured 
into boiling water (500 c.c.) and just acidified with concentrated hydrochloric acid and the heavy 
oil of phenyl-«-naphthylamine was washed with water and dried at 120°. The very dark, crude 
product (308 g.; .yield, ca. 94%) had f. p. 52-6° (pure product 59°) and the following com- 
pounds were isolated from it : phenyl-$-naphthylamine (0-5%, arising from 8-naphthylamine 
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in the a-naphthylamine used), dye (I) (0-5%), dye (II) (0-7%), and diphenylamine (3-5%) ; 
the amount of phenyl-«-naphthylamine was 94-8% (by difference). 

(b) With ammonium iodide (1-25 g.) as catalyst. With quantities and procedure as in (a) 
the yield of crude product was 312 g. (95-2%) and f. p. 55-2°.. Phenyl-8-naphthylamine (0-5%) 
and diphenylamine (3-5%) were isolated, the quantity of the dyes was negligible, and the amount 
of phenyl-a-naphthylamine was 96-0% (by difference). 

The Action of Aniline Hydriodide on Aniline.—Aniline (46-5 g.) was refluxed with aniline 
hydriodide (0-493 g.) for 30 hours ; ammonia was very slowly evolved and the temperature rose to 
198°. The yield of diphenylamine was 3-2 g.; m.p. 54° after recrystallisation from alcohol. 

The Action of «-Naphthylamine Hydriodide on a-Naphthylamine.—a-Naphthylamine (57-2 g.) 
was heated to 50°, a-naphthylamine hydriodide (1-0 g.) added, and the heating continued until 
evolution of ammonia had ceased (15 hours); the temperature was then 250°. The aa’- 
dinaphthylamine (42-3 g.) formed, after one crystallisation from ligroin, had m. p. 110° (lit. 
111°) (Found: N, 5-3. Calc.: N, 5-2%). When ammonium iodide was used as catalyst, 
the yield of crude a«’-dinaphthylamine was 51-5 g. 

p-Tolylation of «-Naphthylamine.—a-Naphthylamine (44-2 g.), p-toluidine (42-0 g.), and 
ammonium iodide (0-25 g.) were heated for 12 hours under reflux, the temperature rising to 
230°. The crude product was steam-distilled to remove unchanged amines; the yield was 
58-8 g., f. p. 70°, and after one recrystallisation from ligroin, m. p. 78° (lit. 78°). 

The Action of p-Iodoaniline on a-Naphthylamine.—When these compounds in equimolecular 
proportion were gradually heated, reaction began with explosive violence at 40—50°, aniline, 
iodine, and ammonia were evolved, and a purple dye produced. When, however, an excess 
of «a-naphthylamine was used (5: 1) and the mixture was heated at 100° for 24 hours, two dyes 
were formed, viz., (I) (0-02 pt.) and (II) (0-65 pt.), which were separated by extraction with 
glacial acetic acid, in which (II) alone was soluble. Dye (I) crystallised from monochlorodi- 
methyl ether in purple micro-plates [Found: N, 5-2; I, 37-9; M, cryoscopic in phenyl-a- 
naphthylamine (constant, 85), 1342. C,9H,,N,I, requires N, 5-25; I, 38:1%; M, 1331). 
It decomposed at ca. 260°, giving «-naphthylamine and a$-dinaphthazine [yellow needles, m. p. 
280° (lit. 283°)] (Found: N, 10:2. Calc.: N, 10%), formed a deep green solution in cold 
concentrated sulphuric acid, and appeared to be identical in all respects with the product 
(below) obtained by the action of iodine on a-naphthylamine. Dye (II) crystallised from glacial 
acetic acid in purple microplates, decomp. ca. 280° (Found: N, 5-8; I, 41-1; M, cryoscopic 
in phenyl-«-naphthylamine, 1221. C,;,H,.N;I, requires N, 5-7; I, 41-3%; M, 1231). It 
was only very slightly soluble in alcohol, but dissolved readily in aniline; in cold concentrated 
sulphuric acid it formed a blue-green solution intermediate in shade between those of the 
aposafranine-like products obtained by the action of iodine on aniline and «-naphthylamine. 
On distillation with zinc dust, dye (II) gave ammonia, carbylamine, a-naphthylamine, and 
naphthaphenazine [yellow needles, m. p. 142° (lit. 142°). Found: N, 12-4. Calc.: N, 12-2%]. 

Dyes (I) and (II) were precipitated from their solutions in concentrated sulphuric acid on 
dilution with water, and unmordanted wool immersed in their suspensions was dyed in fugitive 
purple-blue shades [(I) bluer than (II)], which were stripped by boiling alcohol or 10% acetic 
acid, and discharged on treatment with zinc dust and acetic acid but returned on subsequent 
exposure to air. 

The Action of Iodine on a-Naphthylamine.—a-Naphthylamine (5-0 g.) was heated to 50°, 
and iodine (2-6 g.) added between 50° and 55° during 20 minutes with continuous stirring. The 
mixture rapidly darkened to deep red and became solid during the next 30 minutes; it was 
cooled, powdered, and extracted with 10% sulphuric acid until free from a-naphthylamine, 
then with water, alcohol, and benzene to remove any unchanged iodine (none found). The 
dark residue (2 g.) of dye (I) crystallised from monochlorodimethyl ether in dark purple micro- 
plates, which decomposed with evolution of iodine when heated (Found: N, 5-2; I, 37-8%; 
M, cryoscopic in phenyl-a-naphthylamine, 1321). 

The Action of Iodine on ®-Naphthylamine.—A vigorous reaction occurred at the m. p. of 
6-naphthylamine when it (5 g.) was heated with iodine (2-6 g.); 8-naphthylamine hydriodide 
(2-9 g.) was isolated from the mixture. The remainder (3-7 g.) was an uncrystallisable brown 
tar, insoluble in benzene but very soluble in alcohol; it could not be acetylated or benzoylated 
and was decomposed by concentrated sulphuric acid with evolution of iodine. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
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218. The Octahydropyridocoline—Norlupinane Relationship. Part II. 
By G. R. Ciemo, J. G. Coox, and R. RAPER. 


In continuation of our study of the isomerism of the octahydropyridocolines, we 
have synthesised 4-ketodecahydroquinoline in the hope that its reduction by the 
Clemmensen and the Wolff method would afford a crucial test of the hypothesis that 
the octahydropyridocolines are cis-tvans isomers. Unfortunately, both reduction 
methods give tvans-decahydroquinoline, the test breaking down when it was found 
that the cis- was converted into the trans-form by boiling with hydrochloric acid. 

In addition the reduction of 1-keto-8-methyloctahydropyridocoline has been investi- 
gated and found to give A and B forms of methyloctahydropyridocoline which are not 
interconvertible by hydrochloric acid and sodium ethoxide respectively. 

The steric stability of the octahydropyridocolines is thus much greater than that of 
the decahydroquinoiines. 


THE production of two forms of octahydropyridocoline B and A (I) by the reduction of 
1-keto-octahydropyridocoline by the Clemmensen and the Wolff method respectively 
[J., 1931, 437; 1936, 1429 (Part I of this series)] has been explained by their being geo- 
metrical isomers of the cis-trans-decalin type. As a direct proof of such isomerism has not 
been possible and one or two experimental facts do not readily fit in with this view, such 
as the absence of 1-methyl-2-n-butylpiperidine from the reduction products of the sub- 
stances obtained by the Hofmann degradation of the base B, further evidence has been 
sought on the question. The outstanding fact is that, in the Clemmensen reduction of 
1-keto-octahydropyridocoline, base B, which is regarded as cis-octahydropyridocoline, is 
formed, whereas in all the other syntheses of the system, such as by the Clemmensen 
reduction of the 2- and 3-keto-octahydropyridocolines, base A, identical with norlupinane 
and regarded as the tvans-form of (I), is alone produced. 

In the first place it was decided to attempt to put the cis—trans hypothesis to the test 
of acrucial experiment. As cis- and trans-decahydroquinolines have been well characterised 
(Hiickel and Stepf, Avinalen, 1927, 453, 170), 4-ketodecahydroquinoline (II) has been prepared 
in order to test whether, in conformity with the foregoing, it would give cis- and trans- 
decahydroquinoline (III and IV) by the Clemmensen and the Wolff method respectively. 


(I.) (I1.) (III.) (IV.) 


The compound (II) has been prepared by condensing ethyl hexahydroanthranilate and 
ethyl @-chloropropionate to give ethyl 8-o-carbethoxyhexahydroamilinopropionate, which 
readily underwent ring closure by the Dieckmann method, and subsequent hydrolysis and 
decarboxylation gave (II). As only the ¢vans-form of «-decalone can be obtained by ring 
closure methods, it is probable that the (II) thus produced is the trans-form. Hexahydro- 
anthranilic acid, hitherto only prepared by the troublesome reduction of anthranilic acid 
with sodium and amyl alcohol (Einhorn and Meyenberg, Ber., 1894, 27, 2466), can be 
conveniently made by treating ethyl cyclohexanone-2-carboxylate with dry ammonia and 
reducing the resulting ethyl tetrahydroanthranilate by means of hydrogen and platinum 
oxide. Reduction of (II) by both the Clemmensen and the Wolff method results in the 
formation of trans-decahydroquinoline. This is not surprising, since we have found that 
cis-decahydroquinoline is readily converted into the trans-isomer by boiling with hydro- 
chloric acid. The Clemmensen reduction sometimes gives also a small amount of an 
isomeric base, apparently not cts-decahydroquinoline. 

Failing a direct proof of the cis-trans nature of the bases B and A, further work has 
been done concurrently with the above on the alternative explanation that B is a structural 
isomer of (I), its objects being the synthesis of all the possible structural isomers and the 
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proof of the cis-trans hypothesis by the process of elimination. The preparation of 1-, 2-, 
and 3-methyloctahydropyrrocolines has been described (J., 1935, 1743; 1937, 1518). Other 
unlikely structural possibilities for B are (V) and (VI), and although these have not yet 
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been prepared, the following evidence renders the structure (VI) extremely unlikely. 
1-Keto-8-methyloctahydropyridocoline (VII) has been synthesised in the usual way from 
ethyl 4-methylpiperidine-2-carboxylate, in order to test whether the presence of the methyl 
group in position 8 had any effect on the course of the two reduction processes, as it was 
considered probable that it would inhibit the possibility of the conversion of ring system 
(VII) into (VI) during the Clemmensen reduction of the former. The reduction products, 
however, are in the main two isomeric bases corresponding to B and A, together with, in 
each case, an indication of the other theoretically predictable stereoisomer (due to the 
8-methyl group) but in an amount insufficient for characterisation. 

In striking difference from the decahydroquinolines, the B form of this base is not 
converted into the A form by sodium ethoxide in alcohol at 180°, nor the A form into the 
B by prolonged boiling with hydrochloric acid, thus illustrating that the octahydro- 
pyridocoline system is of much greater steric stability than the decahydroquinolines. 


EXPERIMENTAL. 


Ethyl Hexahydroanthranilate.—Ethy] A!-tetrahydroanthranilate (Dieckmann, Annalen, 1901, 
317, 100) (25 g.) in glacial acetic acid (50 c.c.) was shaken with platinum oxide (0-15 g.) in 
hydrogen at 100 lb./sq. in. for 24 hours. The yellow viscous oil which remained on removal of 
the acetic acid was basified (saturated potassium carbonate solution) and extracted with 
ether; distillation of the dried extract gave ethyl hexahydroanthranilate (15 g., b. p. 115— 
120°/15 mm.) and a high-boiling fraction (9-5 g., b. p. 195—-200°/15 mm.). The latter, on stand- 
ing over-night with alcoholic hydrogen chloride, followed by 2 hours’ refluxing, was converted 
into the above ethy] ester. 

Ethyl 8-o-Carbethoxyhexahydroanilinopropionate.—Ethyl hexahydroanthranilate (5 g.), 
ethyl 6-chloropropionate (5 g.), and fused sodium acetate (3-5 g.) were heated for 18 hours at 
100°, water (5 c.c.) added to dissolve sodium acetate and chloride, and the oil taken up in ether 
and dried; on distillation unchanged reactants (4 g., b. p. 60—100°/1 mm.) and the desired 
ester (5-2 g.), b. p. 135—140°/1 mm. (Found: C, 59-6; H, 9-0. C,,H,,0O,N requires C, 59-3; 
H, 8-6%), were obtained. 

4-Ketodecahydroquinoline.—The above ester (5-2 g.) in xylene (6 c.c.) was added to ice-cold 
powdered potassium (1-6 g.) suspended in xylene (8 c.c.), a yellow solid being deposited. After 
1 hour’s heating on the water-bath, the excess of potassium was destroyed with a few drops of 
alcohol, and concentrated hydrochloric acid (20 c.c.) added. The mixture was heated for 4 
hours on the water-bath (evolution of carbon dioxide then ceased) and evaporated to dryness. 
The yellow residue was basified (saturated potassium carbonate solution) and extracted with 
ether, and the extract distilled, giving 4-ketodecahydroquinoline (1-4 g.), b. p. 135—140°/15 mm., 
as a stable colourless mobile oil (Found: C, 70-8; H, 10-1. C,H,,ON requires C, 70-6; H, 
9-8%). The picrate crystallised from alcohol in light yellow needles, m. p. 175° (Found: C, 
47-2; H, 4-6. C,H,,ON,C,H,O,N, requires C, 47-1; H, 4-7%), and the picrolonate in small, 
pale yellow plates, m. p. 201° (decomp.) (Found: C, 54:9; H, 5-2. C,H,,ON,C,,H,O,N, 
requires C, 54:7; H, 5-5%). 

4-Keto-1-benzoyldecahydroquinoline.—When the base (0-1 g.) and benzoyl chloride (0-1 g.) 
were kept in pyridine (2 c.c.) for 2 hours with frequent shaking, and water (5 c.c.) added, the 
benzoyl derivative was deposited. It crystallised from methyl alcohol in small prisms, m. p. 
145° (Found : C, 74-9; H, 7-6. C,,.H,,O,N requires C, 74-7; H, 7-5%). 

Decahydroquinoline obtained by the Wolff Reduction.—4-Ketodecahydroquinoline (0-5 g.) 
was refluxed for 18 hours with hydrazine hydrate (2 c.c.). On cooling, the hydrazone (0-5 g.) 
was deposited. It was dissolved in alcohol (5 c.c.) and heated with sodium ethoxide (from 
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sodium, 0-4 g.) for 18 hours at 180°. The resulting mixture was dissolved in water, acidified 
(concentrated hydrochloric acid), and evaporated, the white residue basified (50% potassium 
hydroxide solution), and the base extracted with ether and distilled (0-15 g., b. p. 70—80°/15 
mm.). It solidified in long white needles, m. p. 44°, identical with tvans-decahydroquinoline 
(Found: C, 77-1; H, 11-9. Calc. for C,JH,,N: C, 77-7; H, 12-2%). The picrate crystallised 
from dry ether in small, pale yellow prisms, m. p. 157° (Found: C, 49-2; H,5-0. Calc. for 
C,H,,N,C,H,O,N, : C, 48-9; H,5-4%). The picrolonate crystallised from alcohol in small wart- 
shaped clusters of yellow prisms, m. p. 202° (decomp.) (Found: C, 56-4; H, 6-0. 
CyH,,N,C,9H,O;N, requires C,-56-6; H, 6-2%). The hydrochloride formed colourless prisms, 
m. p. 275°, from alcohol (Found: C, 61-4; H, 10-2. Calc. for CjsH,,N,HCI1: C, 61:5; H, 
10-25%). A higher-boiling fraction was also obtained (0-2 g., b. p. 130—140°/15 mm.), which 
solidified on standing and crystallised from light petroleum (b. p. 80—100°) in white prisms, 
m. p. 125° (Found: C, 68-0; H, 10-1%). 

Decahydroquinoline obtained by the Clemmensen Reduction.—The 4-keto-compound (1 g.) 
was refluxed for 24 hours with concentrated hydrochloric acid (8 c.c.) and amalgamated zinc 
(5 g.). A further 5 g. of zinc and concentrated~hydrochloric acid (10 c.c.) were added, and the 
mixture refluxed for a further 24 hours. The liquid was decanted from the excess of metal and 
evaporated to dryness, and the residue basified (50% potassium hydroxide solution) and steam- 
distilled (200 c.c.). The distillate was acidified and evaporated, the residue basified (50% 
potassium hydroxide solution), and the decahydroquinoline extracted and distilled (0-3 g., b. p. 
70—80°/15mm.). It was converted, by passing dry hydrogen chloride into an ethereal solution, 
into its hydrochloride, which crystallised from alcohol in colourless needles, m. p. 275° (Found : 
C, 61-4; H, 10-2. Calc. for C,H,,N,HC1: C, 61-5; H, 10-25%). This was dissolved in a little 
water, the basified (50% potassium hydroxide solution) liquid shaken with ether, and the extract 
dried and mixed with an equivalent of picric acid in dry ether; tvans-decahydroquinoline picrate 
was then obtained, m. p. alone or mixed with the product from the Wolff reduction, 157° (Found : 
C, 48-7; H, 5-3. Calc. for C,H;,N,C,H,O,N,: C, 48-9; H, 54%). Concentration of the 
mother-liquor from the tvans-decahydroquinoline hydrochloride and precipitation with ether 
gave a small quantity of a hydrochloride, m. p. 222°, which crystallised from alcohol-ether in 
prisms, m. p. 228°. This was converted into picrate as above, and gave orange-yellow prisms, 
m. p. 169°, depressed to 148° by admixture with the picrate of 4-ketodecahydroquinoline (Found : 
C, 49-2; H, 5-5. C,H,,N,C,H,O,N, requires C, 48-9; H, 5-4%). 

cis- and trans-Decahydroquinolines.—Quinoline (10 g.) or tetrahydroquinoline (10 g.) was 
shaken with platinum oxide (0-2 g.) in acetic acid (20 c.c.) with hydrogen at 100 lb./sq. in. for 18 
hours, platinum oxide (0-05 g.) added, and the whole again shaken with hydrogen for 2 hours. 
On working up, decahydroquinoline (9-5 g., b. p. 80—90°/15 mm.) was obtained. Fractional 
crystallisation of the hydrochlorides from alcohol, followed by conversion into picrates and 
crystallisation of these from alcohol-ether, gave the picrate of cis-decahydroquinoline, m. p. 
144—-145°, and that of the tvans-compound, m. p. 157°. The bases recovered from these were 
identical with those described by Hiickel and Stepf (/oc. cit.). 

Conversion of cis- into trans-Decahydroquinoline.—cis-Decahydroquinoline (0-5 g.) in con- 
centrated hydrochloric acid (5 c.c.) was refluxed for 18 hours, the solution evaporated to dryness, 
and the residue crystallised from alcohol, giving the hydrochloride of the trans-base (0-45 g., m. p. 
275° alone or mixed with an authentic specimen). Concentrated hydrochloric acid is without 
effect on the trvans-hydrochloride, and neither the cis- nor the trans-base is affected by heating for 
18 hours with sodium ethoxide in alcohol. 

Ethyl 4-Methylpiperidine-2-carboxylate.—Crude 4-methylpiperidine-2-carboxylic acid (4 g.) 
(Clemo and Gourlay, this vol., p. 478) was dissolved in boiling amy] aicohol (200 c.c.), and sodium 
(16 g.) quickly added. When the metal had dissolved (about 1 hour), the solution was poured 
into water (200 c.c.), and the amy] alcohol extracted twice with dilute hydrochloric acid (200 c.c.). 
The aqueous liquid was taken to dryness, the residue extracted three times with boiling alcohol 
(75, 50, 50 c.c.), and the united extracts evaporated ; the residue was dissolved in alcohol (25 c.c.), 
saturated with hydrogen chloride at 0°, and left for 18 hours. After refluxing for 2 hours, the 
alcohol was removed, and the residue basified (saturated potassium carbonate solution) and 
extracted with ether. Fractionation gave ethyl 4-methylpiperidine-2-carboxylate as a mobile oil 
(1-25 g.), b. p. 70°/1 mm. (Found: C, 63-3; H, 9-55. C,H,,0,N requires C, 63-2; H, 9-9%). 
The picrate crystallised from ether in deep yellow prisms, m. p. 142° (Found: C, 45-1; H, 4-9. 
CyH,,0,N,C,H,O,N, requires C, 45-0; H, 5-0%). 

y-2-Carbethoxy-4-methylpiperidinobutyronitrile—The above ester (1-5 g.) was heated for 1 
hour on the water-bath with y-bromobutyronitrile (1-5 g.) and anhydrous potassium carbonate 
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(2 g.), water added to dissolve the potassium carbonate and bromide, and the oil extracted with 
ether. Distillation gave unchanged reactants (0-5 g., b. p. 60—80°/1 mm.) and y-2-carbethoxy- 
4-methylpiperidinobutyroniirile (2 g.), b. p. 135°/1 mm., as a colourless mobile oil (Found: 
C, 65:8; H, 9-0. C,,;H,,0,N, requires C, 65-5; H, 9:2%). 

Ethyl y-2-Carbethoxy-4-methylpiperidinobutyrate.—The above nitrile (3 g.) was dissolved in 
alcohol (20 c.c.), and the solution saturated with hydrogen chloride, left overnight, and refluxed 
for 2 hours. The alcohol was removed, the residue basified and extracted, and the extract 
distilled, giving the di-ester as a colourless oil (2-5 g.), b. p. 136—138°/1 mm. (Found: C, 62-9; 
H, 9-5. C,,;H,,0O,N requires C, 63-1; H, 9-5%). 

1-Keto-8-methyloctahydropyridocoline.—The di-ester (3 g.) in xylene (5 c.c.) was added to 
powdered potassium (1 g.) suspended in xylene (10 c.c.), and heated for 1 hour on the water-bath. 
Alcohol (1 c.c.), followed by.concentrated hydrochloric acid (20 c.c.), was then added, the solution 
heated for 3 hours on the water-bath, the solvents removed under reduced pressure, and the 
residue basified (saturated potassium carbonate solution) and extracted withether. Distillation 
gave the ketone as a pale yellow, unstable liquid (1-05 g.), b. p. 115—120°/15 mm. (Found: C, 
71-2; H, 10-6. C,9H,,ON requires C, 71-7; H, 10-2%). The picrate crystallised from alcohol 
in orange-yellow needles, m. p. 178° (decomp.) (Found : C, 48-5; H, 5-5. Cj H,,ON,C,H,O,N, 
requires C, 48-5; H, 5:1%). ; 

8-Methyloctahydropyridocoline A obtained by the Wolff Reduction.—The ketone (0-5 g.) was 
refluxed for 18 hours with hydrazine hydrate (3 c.c.), and the hydrazone extracted with ether and 
heated for 18 hours at 170° with sodium ethoxide (from sodium, 0-4 g.) in alcohol (2.c.c.). Water 
was added, the solution acidified (concentrated hydrochloric acid) and taken to dryness, and the 
residue basified (saturated potassium carbonate solution) and extracted withether. Distillation 
gave 8-methyloctahydropyridocoline A as a colourless oil (0-34 g.), b. p. 47—48°/1 mm. (Found: 
C, 78-0; H, 12-6. Cy 9H,,N requires C, 78-4; H, 12-4%). The picraie crystallised from alcohol in 
canary-yellow prisms, m. p. 150° (Found: C, 50-4; H, 5-6. Cy N, .N,C,H,O,N; requires C, 
50-3; H, 5:8%), and the picrolonate in small yellow prisms, m. p. 197° (Found: C, 57-7; H, 6-6. 
CipH,,N,CygH,O,N, requires C, 57-6; H, 6.5%). On concentration of the mother-liquor a very 
small quantity of a second form separated. The methiodide crystallised from acetone in colour- 
less prisms, m. p. 212° (Found: C, 44-9; H, 7-7. C,H, ,N,CH,I requires C, 44-7; H, 7-0%). 

8-Methyloctahydropyridocoline B obtained by the Clemmensen Reduction.—The ketone (0-5 g.), 
amalgamated zinc (5 g.), and concentrated hydrochloric acid (10 c.c.) were refluxed for 18 hours, 
and the solution decanted and taken to dryness. The residue was basified (50% potassium 
hydroxide solution) and steam-distilled, and the distillate acidified and evaporated. From the 
residue the base was liberated (saturated potassium carbonate solution), extracted with ether, 
and distilled (0-28 g., b. p. 47—48°/1 mm.) (Found : C, 78-1; H, 12-2%). The picrate crystallised 
from alcohol in deep yellow prisms, m. p. 189° (Found : C, 49-8; H, 54%) (on concentration of 
the mother-liquor a small quantity of a second picrate, m. p. 152°, was deposited), and the 
picrolonate in deep yellow clusters of small prisms, m. p. 138° (Found : C, 57-6; H,6-7%). The 
methiodide crystallised from acetone in colourless prisms, m. p. 181° (Found : C, 44-9; H, 7-3%). 

Attempted Interconversion of the A and the B Forms.—The B base (0-1 g.) was heated with 
sodium ethoxide (2 g.) and alcohol (2 c.c.) at 180° for 18 hours, and recovered unchanged (0-07 g.) 
as proved by conversion into picrate (m. p. alone or mixed, 189°). The A base (0-1 g.) was 
recovered unchanged (0-08 g.) after 18 hours’ boiling with concentrated hydrochloric acid 
(picrate, m. p. alone or mixed, 150°). 


Our thanks are due to Mr. W. A. Campbell for the micro-analyses, and one of us (J. G, C.) 
thanks the Council of King’s College for a Post-Graduate Studentship. 
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219. The Kinetics of Decarboxylation of Certain Organic Acids. 


By R. A. FAIRcLOUGH. 


The rates of decarboxylation of the ions of three monobasic acids and of malonic acid 
have been measured at several temperatures. In each case the reaction is kinetically 
of the first order, and a mechanism is proposed for the monobasic acids in which the 
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rate-determining step is the rupture of a carbon-carbon bond. This mechanism 
yields a simple explanation of the-correlation between E and log PZ which is found 
to occur with these acids. Comparison of the results obtained for sodium hydrogen 
malonate with those of Bernoulli and Wege for malonic acid leads to the conclusion 
that the decomposition of malonic acid proceeds by a different mechanism, and is a more 
complex reaction. 


The Kinetics of Decarboxylation of Certain Organic Acids. 1187 





THESE experiments were undertaken in the hope that the study of a unimolecular reaction 
might yield further general information as to the factors determining the rates of reactions 
in solution, and as to the reasons for the occurrence of the correlation, frequently observed 
and recently discussed (Fairclough and Hinshelwood, J., 1937, 538), between the activation 
energy and log PZ in the modified Arrhenius equation log k = log PZ — E/RT. In 
order to isolate the reaction of the ion of the acid from any possible reaction of the undis- 
sociated molecule, aqueous solutions of the sodium salts were used. In the case of malonic 
acid, however, the disodium salt was found not to react under the conditions of experiment, 
and sodium hydrogen malonate was therefore used. 

Quantitative measurements were made with trichloroacetic, tribromoacetic, phenyl- 
propiolic, and malonic acids, and qualitative information of the behaviour of #-nitro- 
phenylacetic, 2 : 4-dinitrophenylacetic, tri-iodoacetic, and dibromogallic acids was also 
obtained. 


EXPERIMENTAL. 


Under the conditions employed, the decarboxylation produced sodium bicarbonate, and this 
was used in the estimation of the extent to which the reaction had proceeded in a given time. 
Portions of 5 c.c. of n/2-solutions of the sodium salts of the acids were sealed up in small soft- 
glass tubes and immersed in the thermostats. After a suitable time a tube was removed, and 
its contents were transferred to the burette tube of a Lunge nitrometer, being washed in with 
sufficient boiled-out distilled water to make the volume of liquid up to 7 c.c. Carbon dioxide 
was then liberated from the bicarbonate by the addition of 1 c.c. of concentrated hydrochloric 
acid, leaving 8 c.c. of approximately n-acid above the mercury of the nitrometer. The burette 
tube was then thoroughly shaken, the pressure adjusted to atmospheric, and the volume of gas 
and the temperature of the mercury noted. The use of this standard procedure made it a 
simple matter to add to the observed volume a correction for the gas dissolved in the aqueous 
layer, the Bunsen solubility coefficient in N-hydrochloric acid being obtained from I.C.T. The 
amount of bicarbonate formed in the reaction was then calculated from the total volume of 
carbon dioxide reduced to S.T.P. 

The thermostats were vapour baths for the higher temperatures, but for 40° and 47° electric- 
ally controlled thermostats were used. All solutions were made up in distilled water boiled 
free from carbon dioxide. 

Trichloroacetic Acid.—The rate was measured at five temperatures, and satisfactory first- 
order constants were obtained at each temperature. The values obtained for the individual 
rate constants, and for E and log PZ are in agreement with those previously obtained by 
Verhoek (J. Amer. Chem. Soc., 1934, 56, 571), which is considered a confirmation of the accuracy 
of the technique used here. The rate constants found for the various temperatures are shown 
below. (Throughout this paper all values of & are expressed .in sec.-1.) 


Wo" acadbovckvtecassteres 44-0° 60-8° 76-4° 76-6° 85-9° 99-8° 
BP avncstrscscrcsdetices 2-19 41-4 419 383 2070 13,200 


Hence E = 36,600 cals./g.-mol.; log PZ = 18-58. 


Tribromoacetic Acid.—A sample of this acid from Fraenkel and Landau was used without 
further purification. It was not possible to obtain perfectly clear solutions of the acid or its 
salts, presumably on account of the virtual impossibility of freeing them from slight traces of 
bromoform. Measurements were carried out at five temperatures, and at the three highest 
temperatures satisfactory first-order constants were obtained, the reaction proceeding to 
completion. At lower temperatures, however, the constants fell off in value markedly as the 
reaction proceeded. An explanation of this is afforded by the work of Eichloff (Annalen, 
1905, 342, 123), who found that solutions of the free acid were quite stable to hydrolysis (though 
not to decarboxylation) in the absence of alkali, but that if the sodium salt were boiled with 
alkali, complete hydrolysis of the bromine atoms occurred in a very short time. In the present 
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experiments, free alkali is formed during the course of the reaction. This is not sufficient to 
make the hydrolysis faster than the decarboxylation at the higher temperatures, but, as the 
hydrolysis presumably has a lower activation energy, the rates of the two reactions become 
comparable at the lower temperatures. Consequently, both tribromoacetate and bicarbonate 
ions are removed from the solution by the hydrolysis, so that the rate appears to decrease 
progressively. If this explanation is correct, the true rate constants can be found by calculating 
the velocity at zero time from the reaction—time curve. The initial rates so obtained fell upon 
the same Arrhenius line as the satisfactory constants from the upper temperatures. The 
following table shows the rates at the various temperatures. 


BOMB, ccccccacsdecscsccccesassoveces 40-0° 47-2° 60-3° 64-9° 76-4° 
DD co cchecsenccsvecsscassesees 22-2 * 46-4 * 229 472 1160 


* Values from initial rates. 
Hence E = 24,100; log PZ = 12-25. 


Phenylpropiolic Acid.—Only at the highest temperature, 125f, did the reaction yield good 
first-order constants and proceed to completion. At the lower temperatures a steady decrease 
in the constants became more and more marked and very low end-points were obtained. 
Constants at the lower temperatures were calculated from the initial rates, and this procedure 
seemed to be justified by the fact that these values gave a good Arrhenius line, which passed 
through the value at 125°. The success of this treatment indicated that there was some second- 
ary reaction, catalysed by the products of the decarboxylation, which removed phenylpropiolate 
and/or bicarbonate ions from the solution. No definite evidence of the nature of this reaction 
was obtained, but it seems probable that it might be-the hydration of the triple bond, catalysed 
by bicarbonate ions. This reaction is known to occur extremely rapidly under very strongly 
acid conditions, and a very slow hydration indeed, under our conditions, would be sufficient to 
interfere with the slow decarboxylation. An alternative, and perhaps less probable, explan- 
ation might be in terms of some polymerisation of the,acid. The results obtained for this acid 
were : 

Ne oo sea ee 76-2° 87-0° 100-5° 125-7° 
Me FE kicncvadsduisecesciceenedecnds 1-61 * 4-73 * 27-8 * 367 
* From initial rates. 


Hence E = 31,500; log PZ = 13-93. 


Malonic Acid.—Aqueous solutions of sodium malonate, when heated for 48 hours at 125°, 
showed no perceptible decomposition. Solutions of sodium hydrogen malonate were therefore 
used. The products of this decomposition are acetic acid and carbon dioxide. The rate was 
measured by taking samples which had been heated in sealed tubes for a given time, boiling for 
a few minutes to remove dissolved carbon dioxide, and titrating the second hydrogen ion of the 
malonic acid with sodium hydroxide, with cresol-red as indicator. (The reaction is so slow at 
100° that boiling for a few minutes decomposes only a negligible amount of the remaining 
malonate.) First-order constants were obtained at all the temperatures as shown below, and 
the reaction accurately obeyed the Arrhenius equation. 


PIL. sicancinicnteanchinaveenennctanatels 76-3° 100-0° 120-0° 
We UE ctverberinedpieutestpecnamuncete 3°38 50-0 305 


Hence E = 28,100; log PZ = 11-17. 


The results for all the acids are here collected together for comparison: the first column 
gives the rate at 76-0°, calculated from E and log PZ. 


Sodium salt. kyg,X107. E. log PZ. Sodium salt. Rogg X10". =CE. log PZ. 
Tribromoacetate 11,700 24,100 12-25 Phenylpropiolate ... 13-7 31,500 13-93 
Trichloroacetate 388 36,600 18-58 Hydrogen malonate 3-26 28,100 11-17 


Tri-todoacetic Acid.—This was prepared from malonic acid (Angeli, Ber., 1893, 26, 595). 
Both the free acid and the sodium salt were exceptionally unstable, decomposing rapidly even 
at room temperature. The chief products of the decomposition were iodine, iodoform, and 
carbon dioxide, so the reaction is more complicated than a simple decarboxylation. 

p-Nitrophenyl- and 2: 4-Dinitrophenyl-acetic Acids.—The sodium salts of these acids de- 
composed readily at 100° in aqueous solution, the latter considerably more rapidly, the products 
being apparently sodium bicarbonate and the nitro- or dinitro-toluene. The presence of these 
compounds made the accurate estimation of the rate of the reaction a matter of great difficulty. 
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Dibromogallic Acid.—This was prepared by the bromination of gallic acid in chloroform, 
a reaction which was somewhat more.vigorous than Biétrix’s description (Bull. Soc. chim., 
1892, 7, 412) would lead one to expect. The sodium salt and the free acid both decomposed 
very rapidly at 100°, but the presence of 4 : 6-dibromopyrogallol made quantitative measure- 
ments impracticable. 


Decarboxylation of Certain Organic Acids. 








DISCUSSION OF RESULTS. 


1. The Monocarboxylic Acids.—Although the decarboxylation is always kinetically of 
the first order, it might be supposed that the reaction was really a bimolecular one, involving 
the intervention of a molecule of water, the concentration of which may be regarded as 
constant throughout the reaction. The stoicheiometrical equation is RCCO,Na + H,O = 
R-H + NaHCO,. Various considerations, however, make it more probable that the rate- 
determining step is the rupture of the carbon-carbon bond in the ion of the acid. This 
produces carbon dioxide and the negatively charged ion of the organic radical R, which then 
reacts instantly with water (cf. Dyson and Hammick, J., 1937, 1724). This scheme may 
be represented thus : 

(1) R-COO’ = R’ + CO, (2a) R’ + H,O = R'H + OH’ 
(2b) CO, + H,O == HCO,’ + H° 
The evidence in favour of this mechanism may be summarised as follows. 

(a) In any alternative scheme a molecule of water would be required to approach the 
ion of the acid in such a way that its oxygen atom could react with the carboxyl ion, as 
shown in Fig. 1. This is clearly a less probable point of attack for the oxygen atom than 
is the a-carbon atom, on account of the distribution of electrical charges in the ion of the 
acid. This may be expressed in another way by saying that if there were any direct action 


Ye Ye 
Cl (8-) Cl (8-) 








x yO Ky O 
Cle ct CleC—c@ 
v(8+) (8-) NO® (8+) (3-) \O® 
Cl cl 

Fie. 1. Fie. 2. 


of water, we should expect it to be such that the oxygen atom of the water attacked the 
a-carbon atom (as in Fig. 2), removing the halogen or other groups by hydrolysis. It is 
well known that such hydrolysis actually does occur with the halogen-substituted acetic 
acids, and that it is strongly catalysed by bases (cf. tribromoacetic acid, p. 1187). 

(6) Ifa direct attack of water were possible, as visualised in Fig. 1, it would be expected 
that the reaction would be catalysed by bases in a similar manner to the hydrolysis 
represented in Fig. 2. Actually, decarboxylations do not show such catalysis. 

(c) Decarboxylation only occurs in those acids which have strongly electron-attracting 
groups attached to the a-carbon atom. These substituents can assist the reaction in two 
ways, if the genuine unimolecular scheme is correct. First, they weaken the carbon- 
carbon bond which is to be broken,-and secondly, they tend to prepare the a-carbon atom for 
the receipt of a negative charge by withdrawing electrons from it. Moreover, the much 
lower activation energy required by tribromoacetic acid indicates that the weakening of this 
link is a most important step energetically, and in fact, that the activation energy is chiefly 
needed for the actual rupture of this bond. 

(d) This view of the mechanism is also supported by the relationship between the values 
of E and log PZ for trichloro- and tribromo-acetic acids (see below). 

It will be seen from the collected results that on passing from trichloro- to tribromo- 
acetic acid the activation energy decreases by 12,500 cals., and PZ is decreased more than 
10° times. This is the most striking example of a correlated change in E and log PZ 
which has hitherto been observed, and the magnitude of the ratio d(log PZ)/d(E~) is 
of the same order as that previously found (Fairclough and Hinshelwood, J., 1937, 1575). 
If the mechanism suggested above is accepted, the correlation may be very simply 
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explained on the lines of the tentative theory already put forward. The greater activation 
energy needed in the case of trichloroacetic acid is supposed to be due to the greater 
strength of the carbon-carbon bond in this acid. If it is assumed that there is a time-lag 
between activation and reaction, during which the vibrations of the ion of the acid must 
come into some suitable phase relationship, or during which the activation energy is trans- 
ferred from its point of entry into the molecule to the seat of reaction, then the greater 
frequency of vibration of the C-C bond in trichloroacetic acid will enable such adjustment 
to take place more quickly. The time-lag will therefore be shorter in this acid, and the 
probability (P) that an activated molecule will decompose will be enhanced. In the light 
of the information gained by the study of this reaction, it seems more probable that the 
time-lag is required for transfer of the activation energy to the seat of reaction, since it is 
difficult to imagine any particular combination of vibrational phases which would be the 
most suitable for the rupture of a single link. There is no reason to believe that the energy 
is supplied directly to the reacting bond; indeed, the very high value of log PZ in the 
decomposition of trichloroacetic acid suggests that in these reactions activation occurs 
through several internal degrees of freedom, as in unimolecular decompositions in the gas 
phase. 

The values of E and log PZ for phenylpropiolic acid lie between those of the halogeno- 
acetic acids, although they do not fall on a line drawn between these when log PZ is plotted 
against E+, The different structural type of this acid, however, would be expected to 
modify both the modes of activation and the internal vibration frequencies to some extent. 
In so far as phenylpropiolic acid may be regarded as a substituted acetic acid, the agree- 
ment is as good as could be expected. This part of the discussion may be summarised by 
saying that the decarboxylations of these three acids are similar in mechanism, the initial 
step in the reaction being the breaking of the C—C bond in the acid ion, the negative organic 
ion produced reacting at once with water. The magnitude of the activation energy is 
supposed to depend on the strength of this C-C linkage, and the magnitude of log PZ to 
depend in part on the facility of energy transfer from the point at which it enters the 
molecule to the seat of reaction. 

2. Malonic Acid.—The results for this acid are more difficult to interpret. Bernoulli 
and Wege (Helv. Chim. Acta, 1919, 2, 511) found that a solution of malonic acid decomposes 
in aqueous solution with approximately the same activation energy but about five times 
as fast as the sodium hydrogen malonate used in the present work. It has already been 
stated that the neutral sodium salt does not decompose at all at these temperatures, or at 
least very much more slowly. These facts cannot be explained by assuming that it is the 
undissociated molecule which decomposes in both cases, since the degree of hydrolysis of 
the hydrogen malonate is so low that, if this were so, the difference would be much greater 
than that observed. It therefore seems that both the ion and the undissociated molecule 
can decompose,. the latter more rapidly, so that it reacts preferentially when both species 
are present in solutions of the free acid. A similar state of affairs has recently been 
observed in the decomposition of oxalic acid by Dinglinger and Schréer (Z. physikal. 
Chem., 1937, A, 179, 401; 1938, 181, 375), who conclude that the oxalate ion reacts less 
readily than the undissociated acid. Another analogous case may be the decarboxylation 
of acetoacetic acid (Pedersen, J. Amer. Chem. Soc., 1929, 51, 2098). The fact that both 
malonic acid and its singly charged ion undergo decarboxylation makes it appear improbable 
that the mechanism is the same as that proposed for the monobasic acids. Moreover, the 
activation energies required by these two species are approximately the same, and if the 
energy were simply needed to break a C-C bond, they might well be different, since ionisation 
might alter the strength of this bond. At present it is not possible to formulate a mechanism 
for the decarboxylation of dibasic acids, although it seems very probable that the 
mechanism is different from that foliowed by monobasic acids. 


The author wishes to record his gratitude to Professor Hinshelwood for suggesting this 
work, and for criticism and advice, and to H.M. Department of Scientific and Industrial Re- 
search for a maintenance grant. 
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220. Alkylene Derivatives of Cyclic Bases. Part I. Derivatives of 
2-Aminopyridine. 
By Tuomas M. SHARP. 


A homologous series of bis-2-pyridylaminoalkanes has been prepared by the 
condensation of 2-aminopyridine with dibromoalkanes in the presence of sodamide. 
Three members of the series, namely, those containing one, three, and four carbon 
atoms in the chain, failed to react in the expected manner; the remainder, containing 
up to 10 carbon atoms, reacted normally. The compounds have been tested as 
trypanocides. 


BEFORE the discovery of Jancsé and Jancsé (Z. Immun. Forsch., 1936, 81, 1) that synthalin 
[decamethylenediguanidine (I)] had trypanocidal activity, the only drugs available for 
the treatment of sleeping sickness were arsenicals such as tryparsamide (sodium 
phenylglycineamide-f-arsonate) and complex ureas of the type of Bayer 205 (symmetrical 
urea of m-aminobenzoyl-m-amino-p-toluoylnaphthylamine-4 : 6 : 8-trisulphonic acid). 
The recent work of King, Lourie, and Yorke (Lancet, 1937, 233, 1360) has made it 
possible to envisage new types of compounds which might be expected to show a similar 
chemotherapeutic activity. 


NH,°C(NH)-NH-[CH,],9‘NH-C(:NH)-NH, 
NH,-C(:NH)-[CH,],,°C(.NH)-NH, 
(Ir) (III.) 


They examined a number of homologues of synthalin and a homologous series of 
alkylene-diamidines and -dithioureas and found that, as the series were ascended, an increase 
in activity was obtained, reaching a maximum in the synthalin series with 10 to 14 carbon 
atoms in the chain, and in the amidine series with 11 carbon atoms in the chain; a further 
increase in the length of chain caused a diminution in activity. There was also a parallel 
but slower increase in the toxicity. The most active substance tested was m-undecane- 
1: 11-diamidine (II), previously prepared for another purpose by Easson and Pyman 
(J., 1931, 2991). Other series of compounds were tested with similar results, but the 
activity was much lower than in the synthalin and amidine series. The common factor 
in all these compounds is the fairly long chain of methylene groups connecting two basic 
groups. The basic groups hitherto tried have been of the open-chain type, and the object 
of the present investigation was to ascertain whether such a structure is necessary for 
trypanocidal activity. For this purpose 2-aminopyridine has been chosen as a simple 
cyclic compound containing the group -N : C-‘NH- also present in the amidines and has 
been condensed with alkylene dihalides to yield a homologous series of the general formula 
(III). 

Tschitschibabin, Konovalova, and Konovalova (Ber., 1921, 54, 814) found that the 
direct action of methyl iodide on 2-aminopyridine gave a quaternary: iodide, from which 
N-methylpyridoneimine was obtained with silver oxide, whereas when methyl iodide was 
allowed to react with the sodium derivative of 2-aminopyridine the main product was 
2-methylaminopyridine. ~ By the latter method, ethylene dibromide and ae-dibromo- 
pentane gave poor yields, but the aw-dibromo-derivatives of hexane, heptane, octane, 
nonane, and decane gave good yields, of compounds of the formula (III) where » = 2, 5, 
6, 7, 8,9 and 10. That the compounds have the structur< (III) has been proved in the 
case of the decamethylene derivative by reduction with sodium and alcohol to piperidine 
and 1:10-decamethylenediamine. A similar decomposition has been observed by 
Kirsanov and Ivaschtschenko (J. Gen. Chem. Russ., 1937, 7, 2092), who reduced 2- 
aminopyridine to piperidine and ammonia but also obtained cadaverine. The reaction 
between 2-aminopyridine and «y-dibromopropane and «8-dibromobutane took a different 
course, giving in poor yield substances which have not been completely separated from 
2-aminopyridine. They are very volatile and distil together with aminopyridine. It is 
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possible that they are dicyclic compounds similar to that obtained by Scherlin and 
Velitschkin (J. Gen. Chem. Russ., 1935, 5, 1586) from 2-aminopyridine and trimethylene 
chlorobromide. The matter is under investigation. Methylene iodide gave only tarry 
products. 

The trypanocidal action of the compounds has been tested by Dr. White of the Wellcome 
Physiological Research Laboratories. They all have a low toxicity, but are inactive in 
mouse trypanosomiasis. 


EXPERIMENTAL. 


2-Aminopyridine (9-4 g.; 0-1 mol.)(Feist, Arch. Pharm., 1934, 272, 106) was mixed with 
powdered sodamide (3-12 g.; 0-08 mol.) and dry toluene (80 c.c.), and the mixture boiled under 
reflux (calcium chloride guard-tube) for 3 hours. The appropriate alkylene dibromide (0-02 
mol.), diluted with dry toluene (5 c.c.), was then run in during 30 minutes, and the mixture 
boiled for 4—5 hours. After cooling overnight, the contents of the flask were diluted with water 
(50 c.c.), and the products isolated by means appropriate to the individual compound. (a) In 
the cases of the di-, penta-, and hepta-methylene derivatives, the toluene was separated and 
evaporated, the aqueous layer extracted with ether (chloroform in the case of the heptamethylene 
derivative), and the solvent removed by distillation. The combined extracts were distilled from 
an oil-bath at 120° under reduced pressure until no more aminopyridine passed over. The 
solid residue was then crystallised to yield the desired compound. (b) In the cases of the hexa-, 
octa-, nona-, and deca-methylene derivatives, the product was present as a solid in the toluene— 
water mixture and was filtered off and crystallised directly. A small amount more was obtained 
by extraction with chloroform as described under (a). The yields recorded are calculated on the 
amount of dibromide used. 

«8-Bis-2-pyridylaminoethane forms colourless glistening platelets from benzene, m. p. 134— 
135° (corr.) (Found: C, 67-2, 67-4; H, 6-3, 6-1; N, 25-9. C,,H,,N, requires C, 67-2; H, 6-6; 
N, 26-15%). Yield, 14%. The dihydrochloride crystallises from dry alcohol in soft needles, 
m. p. 239—241° (corr.) (Found : Cl, 24-8, 25-0. C,,H,,N,,2HCl requires Cl, 24-7%). 

ae-Bis-2-pyridylamino-n-pentane separates from methyl alcohol in clusters of prisms, m. p. 
150° (corr.) (Found: C, 70-6, 70-4; H, 8-0, 8-0; N, 21-2, 21-2, 22-8, 22-9. C,;H,)N, requires C, 
70-3; H, 7-9; N,21-9%). Yield, 13%. The dihydrochloride forms aggregates of small crystals, 
m. p. 164° (corr.), from acetone—-methyl alcohol (Found: Cl, 21-3, 21-4. C,;H,)N,,2HCl 
requires Cl, 21-5%). 

a€-Bis-2-pyridylamino-n-hexane crystallises from methyl alcohol in rods, m. p. 152—154° 
(corr.) (Found: C, 70-9, 70-75; H, 8-0, 7-9; N, 21-25. C,gH,,N, requires C, 71-05; H, 8-2; 
N, 20-7). Yield, 80%. The dihydrochloride crystallises from methyl alcohol—acetone in small 
prisms, m. p. 216—218° (corr.) (Found : Cl, 20-65, 20-5. C,.H,,N,,2HCl requires Cl, 20-65%). 

an-Bis-2-pyridylamino-n-heptane forms clusters of torpedo-shaped crystals from benzene, 
m. p. 104—105° (corr.) (Found: C, 71-7, 71:7; H, 8-5, 8-4; N, 19-6, 19-8. C,,H,,N, requires 
C, 71-8; H, 85; N, 197%). Yield, 85%. The dihydrochloride crystallises from methyl 
alcohol—acetone in clusters of small prisms, m. p. 203—205° (corr.) (Found: Cl, 19-95, 19-95. 
C,,H,,N,,2HC] requires Cl, 19-8%). 

«0-Bis-2-pyridylamino-n-octane crystallises from dry alcohol in fine needles, m. p. 110—112° 
(corr.) (Found: C, 72-5, 72-35; H, 8-4, 8-45; N, 18-5. C,,H,,.N, requires C, 72-5; H, 8-8; N, 
188%). Yield, 62%. The dihydrochloride separates from methyl alcohol—acetone in rosettes 
of prisms, m. p. 197—198° (corr.) (Found: Cl, 19-35, 19-25. C,,H,,N,,2HCl requires Cl, 
19-1%). 

at-Bis-2-pyridylamino-n-nonane forms thin rods from methyl alcohol, m. p. 140—141° 
(corr.) (Found: C, 72-7; H, 8-8; N, 17-9. CysH,gN, requires C, 73-0; H, 9-0; N, 17-9%). 
Yield, 76%. The dihydrochloride separates in balls of fine hygroscopic needles, m. p. 136—139° 
(dry, corr.), from methyl alcohol—acetone (Found: Cl, 18-05. C,,H,,N,,2HCl requires Cl, 
18-4%). 

ax-Bis-2-pyridylamino-n-decane crystallises from methyl alcohol in thin rods, m. p. 122— 
124° (corr.) (Found: C, 73-6, 73-7; H, 9-1, 9-2; N, 17-6. C,H, )N, requires C, 73-55; H, 
9-3; N, 17-2%). Yield, 74%. The dihydrochloride forms wart-like aggregates, m. p. 149— 
152° (corr.), from methyl alcohol-acetone (Found: Cl, 17-4, 17-3. CygH39N,,2HCl requires 
Cl, 17:7%). 

Reduction of ax-Bis-2-pyridylamino-n-decane.—The base (1-0 g.), dissolved in dry alcohol 
(20 c.c.), was treated with sodium (2 g.) and boiled under reflux until the sodium dissolved. 
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Water (5 c.c.) was added, and the alcohol distilled off. Piperidine passed over with the alcohol 
and was identified as hydrochloride by mixed m. p. (243°) with an authentic specimen. The . 
strongly alkaline residue contained decamethylenediamine as an oil floating on the surface. : 
It was converted into the dibenzoyl derivative and identified as dibenzoyldecamethylene- 
diamine by mixed m. p. with a specimen obtained by von Braun’s method (Ber., 1909, 42, 4551). 

Yield, 0-75 g.; m. p. 152—153°. 











The author thanks Mr. A. G. Turner for much assistance with the preparative work and 
Messrs. A. Bennett and H. C. Clarke for the micro-analyses. 
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221. Leptospermone. Part I. 
By L. H. Brices, A. R. PENFOLD, and W. F. SHorT. 






Various oils of the genus Lepitospermum contain leptospermone, C,,;H,,0,, which is 
shown to be a $-diketone. A provisional formula for this compound is suggested. 












DURING an investigation of the oil of Leptospermum flavescens, which grows in New South 
Wales, Penfold (J. Proc. Roy. Soc. New South Wales, 1921, 45, 51) isolated an acidic com- 
pound, C,,H..0,, which was considered to be a phenol and was therefore termed 
leptospermol. The leptospermol content of different samples of the oil showed somewhat 
large variations (0-2—14%), but there are insufficient data to show whether this variation 
is seasonal. Leptospermol was subsequently isolated from two members of the genus 
Leptospermum growing in New Zealand, viz., Leptospermum ericoides (‘‘ manuka-rauriki ”’), 
which contains 0-9—2-5% (Johnson and Short, Rep. Austr. Assoc. Sci., 1923, 16, 223; 
Short, J. Soc. Chem. Ind., 1926, 45, 96T), and Leptospermum scoparium (‘‘ manuka ”’ ; 
“ tea-tree ’’), different samples of which contained 7-2—11% of leptospermol (R. H. Inder, 
Thesis, University of New Zealand, 1923; Short, loc. cit.; Gardner, J. Soc. Chem. Ind., 
1924, 43, 34T; 1925, 44, 8287). Gardner (loc. cit.), who also advocated the formula 
C,4H_90,, concluded that leptospermol is a monobasic acid, since it could be titrated with 
alkali and afforded a stable barium salt. 

The essential oil of L. scoparium contains isovaleric, cinnamic, and acetic acids (4%) 
and the crude leptospermol was freed from these impurities by washing with saturated 
aqueous sodium bicarbonate, so that it cannot be an acid. The crystalline copper salt 
was soluble in chloroform and the anhydro-phenylhydrazone, m. p. 118°, contained a 
pyrazole ring, since on reduction it afforded a compound which gave the well-known 
Knorr pyrazoline reaction (Ber., 1893, 26, 100). It was clear that the compound was a 
§-diketone (Briggs, Thesis, University of New Zealand, 1928) and therefore belongs to the 
same group as the two ketones, angustione and dehydroangustione, isolated by Penfold 
(J. Proc. Roy. Soc. New South Wales, 1924, 57, 300) from the oil of Backhousia angustifolia 
and subsequently investigated by Cahn, Gibson, Penfold and Simonsen (J., 1930, 1184; 
1931, 286). We therefore propose to change the name of this compound to leptospermone. 

Leptospermone has now been found to have the composition C,;H,.O0, and not C,,H5 0, 
and this has been substantiated by the preparation and analysis of a number of solid 
derivatives. Like angustione and dehydroangustione, leptospermone shows a large 
exaltation in its molecular refraction. With boiling aniline in presence of zinc chloride 
it afforded anilinoleptospermone, C,,H,,O;N, m. p. 91°, which was insoluble in alkali and 
gave no coloration with ferric chloride. The ketone underwent extensive degradation 
when oxidised with nitric acid and only dimethylmalonic acid was isolated from the product. 
Oxidation with potassium permanganate produced diisopropyl ketone (III) and ‘sovaleric 
acid (IV), which were identified by direct‘comparison of solid derivatives with synthetic 
specimens. Twelve of the fifteen carbon atoms of leptospermone are present in these 
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oxidation products and we suggest that the ketone may be represented by (I) and the 
anhydro-phenylhydrazone by (II). 


ar OE 
CH,Pr? CO 


Sie 
Mie, H-CO-CH,-CHMe, , CHMe,  HO,C-CH,CHMe, 
fo ey co on KMn0Q, a * (IV.) 


\ 
Me, Mite, CHMe, 
(II.) (I.) (III) 


Evidence for the presence of the six-membered ring and the remaining carbonyl groups 
will be submitted in a subsequent communication. On the basis of this formulation 
leptospermone is related both to angustione and to the phloroglucinol derivatives of the 
Filix group (Boehm, Amnalen, 1898, 302, 171; 1899, 307, 250; 1901, 318, 230). 


EXPERIMENTAL. 


Leptospermone, separated from the oils by extraction with 4% aqueous sodium hydroxide 
and purified by washing with saturated aqueous sodium bicarbonate and fractional distillation, 
had b. p. 146°/10 mm., d?*" 1-0688, ni?" 1-5000, ap 0°, [Rz]p 73-27 (Found: C, 67-7, 67-6; H, 
8-3, 8-4; M, cryoscopic in benzene, 246. C,,H,,O, requires C, 67:7; H, 83%; M, 266). The 
ketone is a faintly yellow, viscous liquid with a weak, somewhat unpleasant smell. Its alcoholic 
solution gave an intense orange-red coloration with ferric chloride. Determinations of active 
hydrogen (Zerewitinoff method) afforded the following results: 0-2037 and 0-1473 g. of 
leptospermone evolved 39-75 and 28-8 c.c. of methane at 12°/758 mm., corresponding to 2-0 
and 2-0 atoms of active hydrogen per mole respectively. 

A nilinoleptospermone.—A mixture of the ketone (5 c.c.), aniline (5-5 c.c.), and zinc chloride 
(0-5 g.) was boiled for 5 minutes, and the product cooled, shaken with dilute hydrochloric acid, 
and dissolved in ether. The ethereal solution was washed with dilute acid, alkali, and water, 
dried, and evaporated. The crystalline residue separated from light petroleum (b. p. 40—60°) 
in clusters of long rods, m. p. 91° (Found: C, 73-85, 74-0; H, 8-0, 8-2; N, 4-2, 4:2; M, cryoscopic 
in benzene, 329. C,,H,,O,N requires C, 73-9; H, 7-9; N, 4:1%; M, 341). 

A nhydroleptospermonephenylhydrazone.—Addition of phenylhydrazine (1-5 mols.) to lepto- 
spermone caused a rise in temperature and separation of water. After heating on the water-bath 
for $ hour, the mixture was extracted with ether, washed with dilute acid and alkali, and dried, 
and the solvent evaporated. Recrystallisation from light petroleum (b. p. 60—80°) gave 
clusters of long rods, m. p. 118° (Found : C, 74:6; H, 7-7; N, 8-4, 8°5. C,,;H,,0,N, requires C, 
74:6; H, 7-7; N, 8-3%). 

Oxidation of Leptospermone.—(1) With nitric acid. Concentrated nitric acid (11 c.c.) was 
slowly added to a solution of the ketone (5 g.) in concentrated sulphuric acid (25 c.c.) at 50° 
and the resulting solution was poured into water (200 c.c.). The solution was extracted once 
with ether and then concentrated to a small volume in a current of air. The crystalline residue 
melted at 189° (decomp.) after recrystallisation from acetone—benzene; it was readily soluble 
in water, acid in reaction, and afforded an insoluble silver salt (Found: M, by titration, 132. 
Calc. forC,H,O,: M, 132). The m.p. agreed with that (190°) of dimethylmalonic acid (Perkin, 
J., 1903, 83, 1237) and the identity of the product with this acid was confirmed by the pre- 
paration of dimethylmalonamide, m. p. 263° (Fischer and Dilthey, Ber., 1902, 85, 854). 

(2) With potassium permanganate. 5% Aqueous potassium permanganate (equiv. to 4-2 
atoms of oxygen) was added to a mechanically stirred solution of the ketone (25-2 g.) in sodium 
hydroxide solution (10N; 50 c.c.) so that the temperature remained below 45°. The manganese 
dioxide sludge was extracted with hot water (200 c.c.), and the aqueous layer exhaustively 
extracted with ether. Most of the neutral extract distilled at 124—124-5°/762 mm. and had a 
pleasant camphor-like odour. It afforded a semicarbazone, which separated from 50% aqueous 
alcohol in white plates, m. p. 156—156-5° (Found: N, 24-6. Calc. for C,H,,ON,: N, 24-6%). 
The properties of this compound indicated that it was either diisopropyl ketone or ethyl /ert.- 
butyl ketone and, owing to the discordant and overlapping values recorded in the literature for 
the m. p.’s of the semicarbazones of these compounds, each ketone was synthesised so that a 
direct comparison could be instituted. Diisopropyl ketone, b. p. 123—124°/760 mm., was 
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prepared from isobutyric acid (Senderens, Compt. vend., 1909, 148, 929) and afforded a semi- 
carbazone, m. p. 156-5—157°. Ethyl ¢ert.-butyl ketone was prepared from pinacol (Holleman, 
Rec. Trav. chim., 1906, 25, 206; Hill, Spear, and Lachowicz, J. Amer..Chem. Soc., 1923, 45, 
1559), which was successively converted into pinacolin and methylated as described by Haller 
(Compt. vend., 1901, 150, 582). The semicarbazone of this ketone melted at 144° (Found: C, 
56-2; H, 10-0. Calc. for C,H,,ON,: C, 56-1; H, 9-9%). Admixture of the semicarbazone 
of the ketone from leptospermone with that of diisopropyl ketone caused no depression in m. p., 
but the m. p. of the semicarbazone of ethyl] éert.-butyl ketone was depressed to 114—130°. 

The aqueous alkaline layer from the oxidation was concentrated and acidified, and the 
acids collected in ether. Distillation of the extract afforded a main fraction (1), b. p. 172— 
173°/762 mm., and a small fraction (2), b. p. 95—105°/10 mm. A portion (1 g.) of fraction (1) q 
was boiled for 1 hour with thionyl chloride (1-3 g.), and the product cooled, mixed with aniline 
(0-9 g.), and heated at 150—160° for 4 hour. The anilide, isolated in the usual way and 
recrystallised from ligroin, had m. p. 110-5—111° (Found: C, 74:5; H, 8-7. Calc. for 
C,,H,,ON : C, 74-6; H, 8-5%). Similar m. p.’s are recorded in the literature for isovaleranilide 
and «-methylbutyranilide, and the two acids were therefore synthesised. isoValeric acid was 
prepared from isopropylmalonic ester (Fischer and Dilthey, Amnalen, 1904, 335, 337) and 
a-methylbutyric acid from methylethylmalonic ester. The corrresponding anilides melted at 
112-5° and 105—106-5° respectively and the first of these did not depress the m. p. of the anilide 
from leptospermone, whereas the second caused a depression of 14°. 
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222. The Dipole Moments of Vapours. Part VII. Calculation of 
Valency Angles in Chloroform and Methylene Chloride. 


By L. G. GRovEs. j 


On the basis of values for the moments of the C-Cl and the C-H link obtained 
from the moment of methyl chloride, it is shown, after allowances are made for com- 
ponents of induction, that the Cl-C-Cl intercovalency angle is approximately tetra- 
hedral in both chloroform and methylene chloride. This result is in accord with the 
electron-diffraction results of Sutton and Brockway (/. Amer. Chem. Soc., 1935, 57, 
473). 



















Ir has been shown in Part VI (J., 1937, 1992) that the total moment of a molecule not 
exhibiting resonance is made up of two parts, one of which is the parent moment or moments 
and the other the component due to induction caused by the proximity of the bond moment 
to polarisable portions of the molecule. Equations were derived enabling the latter 
quantity to be calculated with a fair degree of accuracy, and the values of the induced 
moment so obtained were, in many cases, found to be quite large. 

In view of the fact that two conflicting sets of data are in existence for the carbon- 
chlorine intercovalency angles in chloroform and methylene chloride, it is of interest to 
calculate from the observed moment of methyl chloride and the various angles recorded, 
all the possible values of the moments of these two compounds. 

Bewilogua (Phystkal. Z., 1931, 32, 265), from X-ray measurements, obtained for the 
Cl-C-Cl angle 6, 124° + 6° and116° + 3°in methylene chloride and chloroform respectively ; 
Sutton and Brockway (loc. cit.) on the other hand, from electron-diffraction data, obtained 
a value of 111° + 2° in both compounds. 

In seeking to calculate the induced moment in neighbouring chlorine stone due to 
any one C-Cl link, from the value of uoy,q), Some definite allowance must be made for the 
moment of the C-H bond. Owing to the tetrahedral structure of methyl chloride, the total 
moment is equivalent electrically to the sum of ug_y_ and uo_q acting along the same 
straight line, and in consequence, values of up_q are obtained from uox,¢, by subtracting 
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arbitrary values assigned to ug_y. In the ensuing calculations, uo_y will be given the 
values 0, 0-15, and 0-20 D., which in conjunction with poy,q, = 1-87 (Groves and Sugden, 
J., 1937, 159) lead to 1-87, 1-72, and 1-67 respectively for ug_q. The method of obtaining 
the magnitude and direction of the induced components was described in detail in Part VI 
(loc. cit.), and the individual calculations will be omitted here. 

In methylene chloride, each C-Cl moment induces moments in the neighbouring 
chlorine atoms, the resultant of which opposes the primary C-Cl dipoles, such that the total 
moment of the molecule is 


2uo_c1 cos 30 —_ 2tind. cos d a 2uo_H cos dr, 


where ¢ = angle between the direction of y,4, and the bisector of 0, and + = tetrahedral 
angle. noe 
The scheme of moments in chloroform is more complicated, as each C-Cl link induces 
moments in the remaining two chlorine atoms such that six induced components arise 
symmetrically disposed in pairs about the bisectors of 8. Thus the total moment 


Horo, = Sto. COS % — 6Bying, COS P. COS B + Yo_H 


where « and § are respectively the angles made by the C-Cl link and by the bisector of 6, 
with the median of the CCl, pyramid. 

In these calculations the moments induced in the chlorine atoms by the C-Cl dipoles 
are alone considered ; those similarly induced, but by the C—H dipole, are small enough to 
be neglected (maximum resultant value in chloroform = 0-01 D.). 

The various results are set out below. 


6. Bind. /po—1- po—cl po-H- ¢- Total moment. 


Methylene chloride. 
“ 0 
iy 0-224 , 0-15 40-4° 
“ 0-20 
124 0206 ={ 7. ae \ 50-9 
Chloroform. 
0°95 


{ & 


1-87 0 0-83 
111 0-224 1-72 0-15 40-4 70-5° 0-92 


1-67 0-20 
1-87 0 
116 0-208 1-67 0-20 } 44-8 78-3 67-4 


The observed moments of methylene chloride and chloroform in the vapour state are 
respectively 1-59 D. and 0-95 p. (Sanger, Physikal Z., 1926, 27, 556), and inspection of the 
last column above shows that these values are most closely approached when Sutton and 
Brockway’s values for 6 (t.e., approximately tetrahedral values) are chosen. 


I wish to thank Prof. S. Sugden, F.R.S., for his interest in this work, and Dr. J. J. Fox, C.B., 
for permission to publish it. 
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223. 2:4: 6-Trimethyl Galactose and its a- and B-Methylgalactosides. 
By D. J. BELL and S. WILLIAMson. 


2:4: 6-Trimethyl galactose has been synthesised by two methods which leave no 
doubt as to its constitution. The sugar has been proved to be identical with 
that isolated from agar by Percival and Somerville (J., 1937, 1617). Ten new 
crystalline derivatives of galactose have been characterised. 


THE recent isolation of 2 : 4 : 6-trimethyl galactose from agar by Percival and Somerville 
(J., 1937, 1617) and from certain plant gums by Hirst and Jones, at Bristol (private 
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communication from Professor E. L. Hirst, F.R.S.), has shown that galactose units in 
these vegetable polysaccharides can be linked through the hydroxyl group of position 3, 
a mode of glycosidic union so far confined to the sugar in question. That a similar mode 
of linkage between galactose units is present in the animal polysaccharide, galactogen, 
secreted by Helix pomatia, has recently come to light through researches in this laboratory 
(Baldwin and Bell, unpublished work). In order to provide material for this and cognate 
work, and, incidentally, to confirm the structure assigned by Percival and Somerville to 
their product from agar, we have, by the use of conventional methods, synthesised 2 : 4 : 6- 
trimethyl galactose by two independent routes which leave no doubt as to the accuracy 
of the findings of the Edinburgh workers. 

The starting point in the first method was the 4: 6-benzylidene 2-methyl $-methyl- 
galactoside, the constitution of which is definitely proved (Oldham and Bell, J. Amer. 
Chem. Soc., 1938, 60,323). The steps leading to the synthesis of 2 : 4 : 6-trimethyl galactose 
are summarised below. 

““B” signifies §-methylgalactoside. The compound in parenthesis has not been 
characterised. 
















4 : 6-Benzylidene 2-methy] B. 






3-p-T oluenesulphonyl 4 : 6-benzylidene 2-methyl B. 







(3-p-Toluenesulphony]l 2-methy]l B.) 
Y 
3-p-T oluenesulphonyl 2 : 4 : 6-trimethyl B. 






2:4:6-Trimethyl B. 






2:4: 6-Trimethyl a-galactose 









4:6-Dimethyl galactosazone 2:4: 6-Trimethyl galactonamide 


Since the constitution of the starting material is established, and since the #-toluene- 
sulphonyl group does not migrate, there is no doubt that the two new methyl groups have 
been introduced into positions 4 and 6. 






6-p-Toluenesulphony]l 3 : 4-tsopropylidene A. 
6-p-T oluenesulphonyl 2-methyl 3 : 4-isopropylidene A. 






Kv 
2-Methyl 3 : 4-isopropylidene A. —-> *2 : 6-Dimethyl 3 : 4-isopropylidene A. 






iv 
2 : 6-Dimethyl] 8-galactose 










*2-Methyl A. 
2 : 6-Dimethyl A. 3 : 4-dinttrate 






2-Methyl 8-galactose 






4 : 6-Benzylidene 2-methyl A. 






3-p-Toluenesulphonyl 4 : 6-benzylidene 2-methyl A. 
(3-6: Tcheanneaithicng 2-methyl A.) 
3-p-T oluenesulphonyl 2 : 4 : 6-trimethyl A. 
2:4: 6-Trimethyl a-methylgalactoside 








2:4: 6-Trimethyl «-galactose 
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The second method employed as starting material the easily accessible 6-p-toluene- 
sulphonyl 3: 4-isopropylidene a-methylgalactoside described by Ohle and Thiel (Ber., 
1933, 66, 525). In the course of the synthesis outlined on p. 1197 we obtained 4: 6- 
benzylidene 2-methyl «-methylgalactoside; the position of the benzylidene group follows from 
the work of Robertson and Lamb (J., 1934, 1321). 

“‘A”’ signifies a-methylgalactoside. The compound in parenthesis has not been charac- 
terised; those marked * could not be crystallised. 

Incidental to the work outlined above we have simplified the preparation of our starting 
materials, and also describe alternative routes to obtaining both 2-methy] and 2 : 6-dimethyl 
galactose (Oldham and Bell, loc. cit.). 

It has been postulated by Oldham and Robertson (J., 1935, 685) that when Walden 
inversion occurs during saponification of a -toluenesulphonyl group in a sugar derivative, 
there is intermediate formation of an anhydro-ring. They have shown, in the glucose 
series, that a toluenesulphonyl group can be eliminated by saponification without causing 
inversion, provided anhydro-formation is inhibited by substituting resistant radicals 
such as methyl or isopropylidene for the remaining hydroxyls of the sugar. The latter 
finding we have confirmed in the three instances of detoluenesulphonylation now described, 
and we were further interested to observe the extraordinary difference in stability towards 
alkali displayed by the toluenesulphony] radical in the two substances, 6-p-toluenesulphony] 
a-methylgalactoside and its 2-methyl 3 : 4-tsopropylidene derivative. Warmed in alcohol 
with the theoretical amount of N-sodium hydroxide, the former is immediately converted 
into 3 : 6-anhydro-«-methylgalactoside (Ohle and Thiel, Joc. cit.), whereas the latter, where 
anhydro-rings cannot be formed, requires 36 hours’ boiling with 50% aqueous-alcoholic 
4n-sodium hydroxide to effect complete saponification. 


EXPERIMENTAL. 


Unless otherwise stated, solvents were evaporated under reduced pressure below 50° and 
polarimetric measurements were made in chloroform solution, in a 2 dm. tube. Substances 
were recrystallised to constant m. p. . 

Simplified Preparation of 2-Methyl B-Methyligalactoside (I).—The original preparation of 
this substance by Oldham and Bell (/oc. cit.) necessitated seven distinct stages from 6-methyl- 
galactoside. It can now be obtained in four operations, since we have found that 3: 4-iso- 
propylidene §-~methylgalactoside can be obtained readily if the reaction between the galactoside 
and acetone is catalysed by sulphuric acid. Micheel’s method (Ber., 1929, 62, 687) using 
hydrogen chloride as catalyst gives impractically small yields. 22 G. of 6-methylgalactoside 
were shaken for 24 hours with 2-2 1. of acetone containing 0-5% of sulphuric acid; complete 
solution resulted. The acid was then neutralised with solid sodium carbonate, and the filtered 
solution evaporated to a thick syrup at pq 7-4. 13G. of crystals, m. p. 134°, [«]?” + 21° (water), 
were deposited from a benzene solution of the crude product. The constants agree with those 
given by Micheel. The material remaining in the benzene was largely diacetone galactose. 
10-6 G. of the above crystals were heated for an hour at 100° with 1-5 mols. of trityl chloride 
dissolved in 50 ml. of dry pyridine. The whole was poured into water and triturated until solid. 
The crude material was washed with water, dried, dissolved in benzene, and precipitated by 
addition of light petroleum. The solid thus obtained was twice methylated by Purdie’s reagents, 
and the crude product subjected to controlled hydrolysis by dissolution in a mixture of 430 ml. 
of acetone and 200 ml. of n/10-hydrochloric acid, the solution being boiled for 1-5 hours. The 
acid was then neutralised by silver carbonate, solids filtered off, and the acetone removed by 
distillation. Trityl derivatives separated and were removed by chloroform extraction. The 
water solution, on.evaporation, yielded a crystalline residue, giving, after crystallisation from 
ethyl acetate, 5-5 g. of needles, m. p. 131—132°, identical with the 2-methy]l 6-methylgalactoside 
of Oldham and Bell. , 

4: 6-Benzylidene 2-Methyl B-Methylgalactoside (II).—5-5 G. of (I) were shaken for 3 hours 
with 14 ml. of freshly distilled benzaldehyde and 14 g. of anhydrous zinc chloride. On addition 
of 50 ml. of water a small quantity of the crystalline product was precipitated, the bulk remaining 
in solution, from which it was isolated, after precipitation of the zinc by hot sodium carbonate 
solution and filtration, by evaporation of the filtrate to small volume; crystallisation then 
ensued. Recrystallised from alcohol, 4-7 g. were obtained, m. p. 160°, [a]? — 32-8°. Oldham 
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and Bell (loc. cit.) erroneously gave m. p. 169° and [a])» — 59°. By appropriate treatment, 
0-66 g. of (I) was recovered from the original mother-liquors; hence the yield of (II) was 64%. 

3-p-Toluenesulphonyl 4: 6-Benzylidene 2-Methyl B-Methylgalactoside (III).—4-64 G. of (II) 
were treated with p-toluenesulphony] chloride in dry pyridine. When the mixture was poured 
into dilute alkali solution, the product crystallised. Extraction of the alkaline liquors recovered 
1-2 g. of (II), which were again treated with toluenesulphonyl chloride. 4-74 G. (66%) of needles 
(from methyl alcohol) were obtained, m. p. 126°, [a]?’ + 38-4° (c = 2-5) (Found: C, 58-6; 
H, 5-8; OMe, 13:3; S, 7-5. C,,H,.O,S requires C, 58-7; H, 5-8; OMe, 13-7; S, 7-1%). 

3-p-Toluenesulphonyl 2 : 4: 6-Trimethyl B-Methylgalactoside (IV).—4-6 G. of (III) were boiled 
with a mixture of 100 ml. of acetone and 50 ml. of water containing hydrochloric acid equivalent 
to n/20, until a constant rotation was observed (4 hours). After neutralisation of the acid 
with silver carbonate the solvents were distilled off, leaving 3-5 g. of crystals, essentially 3-p- 
toluenesulphonyl 2-methyl f$-methylgalactoside, but contaminated with reducing material 
which proved impossible to eliminate. The crude product was therefore methylated four times 
with Purdie’s reagents, 3-15 g. of non-reducing crystals being obtained. Recrystallised from 
methyl alcohol, the substance (needles) had m. p. 130° and [a]? + 20-4° (Found: C, 51-9; 
H, 6-9; OMe, 31-0; S, 8-5. C,,H,,0,S requires C, 52-3; H, 6-7; OMe, 31-8; S, 8-2%). 

2:4: 6-Trimethyl B-Methylgalactoside (V).—3-15 G. of (IV) were heated at 90° for 14 hours 
with 82 ml. of 6% sodium methoxide in methyl alcohol; 80 ml. of water were added, and the 
whole extracted six times with 40 ml. lots of chloroform. Evaporation of the dried chloroform 
extract left a crystalline residue (sulphur-free). On recrystallisation from light petroleum 
(b. p. 60—80°), 1-74 g. (91-5%) of extremely long, silky needles were obtained, m. p. 111—112°, 
[a]? — 40-9° (c = 5) (Found: C, 49-95; H, 8-5; OMe, 51-1. Cy, 9H, .O, requires C, 50-8;. H, 
8-5; OMe, 52-5%). 

2:4: 6-Trimethyl «-Galactose (V1).—1-4 G. of (V) were boiled with 50 ml. of n/3-hydrochloric 
acid until a constant rotation was observed. After the usual treatment, an ethereal solution 
of the product gave, on evaporation, 1-25 g. (94%) of a colourless syrup, which immediately 
crystallised. On recrystallisation from dry ether, needles, m. p. 102—105°, were obtained, 
mixed m. p. with the substance of Percival and Somerville (m. p. 103—105-5°), (1) 103—106° ; 
(2) 102—105°. The sugar showed downward mutarotation in water (c, 3-4): [«]}* (initial) 
+ 124°; (at equilibrium) + 90-4°. Dr. Percival (private communication) has redetermined 
the constants of his material and finds [a]p (initial) + 124°, (at equilibrium) + 89°, instead 
of + 124° > + 93° (Found: C, 48-6; H, 8-2; OMe, 41-5. Calc. for C,H,,0,: C, 48-6; 
H, 8-1; OMe, 41-9%). 

Simplified Preparation of 6-p-Toluenesulphonyl a-Methylgalactoside (VII).—250 G. of 6-p- 
toluenesulphonyl diacetone galactose (Freudenberg and Hixon, Ber., 1923, 56, 2123) were 
boiled with 2-5 1. of methyl alcohol containing 2% of hydrogen chloride. After 30 minutes, 
the solution was cooled; a quantity of the product then crystallised. Further creps were 
obtained by adding methyl alcohol and concentrating the mother-liquor each time. Yield, 
111 g., m. p. 170°, [a]? + 103-5° (pyridine) (cf. Ohle and Thiel, Joc. cit.). 

6-p-Toluenesulphonyl 2-Methyl 3: 4-isoPropylidene a-Methylgalactoside (VIII).—110 G, of 
(VII) were condensed with acetone (Ohle and Thiel, Joc. cit.), 75 g. of the isopropylidene deriv- 
ative, m. p. 129—130°, being obtained. This was methylated four times with Purdie’s reagents. 
Yield, 69 g. of needles (from light petroleum, b. p. 60—80°), m. p. 90°, [a]? + 90-9° (c = 1-7) 
(Found: C, 54-6; H, 6-4; OMe, 15-6; S, 8-1. C,,H,,0,S requires C, 55-1; H, 6-6; OMe, 
15-8; S, 8-1%). 

2-Methyl 3: 4-isoPropylidene a-Methylgalactoside (IX).—68 G. of (VIII) were boiled for 
36 hours with a mixture of 400 ml. of alcohol and 400 ml. of 30% aqueous caustic potash. The 
alcohol was then distilled off, and the watery solution extracted six times with chloroform. 
The residue obtained on evaporation of the chloroform was dissolved in a small amount of 
benzene, and this solution extracted repeatedly with water. The aqueous extract was then 
extracted six times with chloroform; evaporation of the latter solvent from the combined 
extracts left a residue which crystallised from light petroleum (b. p. 60—80°) in prisms (20 g.), 
m. p. 77—78°, [a]? + 157-4° (c = 1-0) (Found: C, 53-0; H, 8-0; OMe, 25-6. C,,H,,O, 
requires C, 53-2; H, 8-1; OMe, 25-0%). 

2 : 6-Dimethyl 3: 4-isoPropylidene a-Methylgalactoside (X).—Methylation of (IX) by the 
Purdie reagents yielded a syrup which could not be crystallised, even after distillation at 
120°/0-1 mm. It had m3” 1-4550 and [a]? + 155° (in water, c = 1) (Found: OMe, 34-6. 
C,,H,,0, requires OMe, 35-5%). Hydrolysis by 5% hydrochloric acid gave crystalline 
2 : 6-dimethyl 8-galactose (Oldham and Bell, Joc. cit.). 
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2 : 6-Dimethyl «-Methylgalactoside 3 : 4-Dinitrate (X1).—It was not found possible to obtain 
a crystalline methylgalactoside from (X) by hydrolytic removal of the acetone residue, -but a 
crystalline dinitrate was produced by the following method. 14-6 G. of (X) were treated for 
30 minutes at 0° with 100 ml. of a 30% solution of fuming nitric acid in dry chloroform. The 
solution was washed first with water, then with concentrated potassium bicarbonate solution. 
The residue remaining after evaporation of the chloroform was dissolved in benzene and ex- 
tracted several times with water; the benzene layer, on evaporation, left a colourless syrup 
(yield, almost theoretical), which crystallised on keeping. Recrystallised from light petroleum 
(b. p. 60—80°), the substance (stout needles) had m. p. 50—51° and [a]? + 160-7° (c = 2) 
(Found: C, 34-8; H, 5-2; OMe, 29-3; N, 9-2. C,H,,0,)N, requires C, 34-6; H, 5-1; OMe, 
29-8; N, 90%). 

2-Methyl a-Methylgalactoside (XII).—20 G. of (IX) were boiled with 10% aqueous acetic 
acid until a constant rotation was observed. The solvent was distilled off, leaving 15-7 g. of 
a colourless syrup which would not crystallise. [aJ]i®* + 180° (in methyl alcohol, c = 3-5) 
(Found : OMe, 29-5. C,H,,O, requires OMe, 29-8%). Aspecimen of this substance, hydrolysed 
in the usual way, yielded crystalline 2-methyl $-galactose (Oldham and Bell, Joc. cit.). 

4: 6-Benzylidene 2-Methyl a-Methylgalactoside (XIII).—18-5 G. of (XII) were treated as 
in the preparation of (II), yielding 20 g. (80%) of needles (from alcohol), m. p. 152°, [a]?” + 131-6° 
(c = 2-3) (Found: C, 60-7; H, 6-7; OMe, 21-5. C,;H,,O, requires C, 60-8; H, 6-75; OMe, 
20-9%). 

3-p-Toluenesulphonyl 4: 6-Benzylidene 2-Methyl a-Methylgalactoside (XIV).—20 G. of 
(XIII) were toluenesulphonylated as for the preparation of (III), yielding 27 g. (90%) of needles 
(from methyl alcohol), m. p. 145°, [a]?” + 158-4° (c = 1-3) (Found: C, 58-8; H, 5-6; OMe, 
14:2; S, 7-1. CygH,,O,S requires C, 58-7; H, 5-8; OMe, 13-7; S, 7-1%). 

3-p-Toluenesulphonyl 2:4: 6-Trimethyl a-Methylgalactoside (XV).—26 G. of (XIV) were 
treated as for the preparation of (IV). The product was contaminated with reducing material, 
but crystallisation from 25% aqueous alcohol removed this. Recrystallised from methyl 
alcohol, the product (needles, 12 g.; 66%) had m. p. 112°, [«]}” + 150-0° (c = 1:1) (Found : 
C, 52:1; H, 6-6; OMe, 31-3; S, 8-2. C,,H,,0,S requires C, 52-3; H, 6-7; OMe, 31-8; S, 
8-2%). About 5 g. of strongly reducing syrup were isolated from the mother-liquors. 

2:4:6-Trimethyl a-Methylgalactoside (XVI).—10-5 G. of (XV) were saponified as in the 
preparation of (V); 72 hours’ treatment were required in this instance, five times longer than 
the period necessary to effect complete saponification of the B-compound. 4-8 G. of needles 
(from light petroleum, b. p. 60—80°) were obtained. Yield, 80%. After rigorous drying at 
50° over phosphoric oxide the substance melted at 73—74°, but exposure to air rapidly lowered 
this value to 50°. The galactoside is very hygroscopic. [a]? + 163-9° (in water, c = 0-9) 
(Found: C, 50-4; H, 88; OMe, 51-0. C,9H., O, requires C, 50-8; H, 8-5; OMe, 52-5%). 
Hydrolysis by dilute hydrochloric acid produced crystalline 2:4: 6-trimethyl a-galactose 
(VI). The sugar, treated with phenylhydrazine, formed 4: 6-dimethyl galactosazone, m. p. 
159—160° alone and mixed with an authentic specimen provided by Dr. Percival. Further 
evidence proving the identity of our product with that of Percival and Somerville was afforded 
by preparation of the 2: 4: 6-trimethyl galactonamide of these authors; our amide had m. p. 
166° alone or mixed with authentic material. 


The authors are indebted to Dr. E. G. V. Percival for the gift of specimens and for carrying 
out several mixed melting-point determinations. 


Tue BiocHEMICAL LABORATORY, CAMBRIDGE. [Received, June 17th, 1938.] 





224. Aromadendrene. Part II. 
By C. B. RapcLirFE and W. F. SHort. 


The tricyclic nature of the sesquiterpene aromadendrene has been confirmed by 
examination of the ketone aromadendrone, C,,H,,0, produced from it by ozonolysis. 
Dehydrogenation of aromadendrene yields S-guaiacazulene. These observations and 
the frequent association of aromadendrene with eudesmol lead to a provisional 
formula for the sesquiterpene. 
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In Part I (Briggs and Short, J., 1928, 2524) it was concluded that the bulk of the sesquiter- 
pene fraction of the oil of Eucalyptus nova-angelica consisted of a tricyclic sesquiterpene 
(aromadendrene) containing an exocyclic double bond which is probably conjugated with 
a cyclopropane ring. St. Pfau and Plattner (Helv. Chim. Acta, 1936, 19, 871) consider 
that the high molecular refraction of the sesquiterpene fraction indicates that it is a mixture 
of di- and tri-cyclic hydrocarbons. Our conclusion that the main constituent of the 
sesquiterpene fraction is a tricyclic hydrocarbon was based on the high yield (61%, subse- 
quently raised to 71%) of aromadendrone, C,,H,.O, obtained on ozonolysis and the 
persistence of the molecular exaltation in dihydroaromadendrene. This has now been 
confirmed by a further examination of aromadendrone, and we suggest that the name 
aromadendrene should be reserved for the tricyclic sesquiterpene which affords the solid 
ketone aromadendrone. The oils of E. rariflora and E. globulus are now shown to contain 
aromadendrene associated with at least one other sesquiterpene; after protracted fraction- 
ation the maximum yields ef aromadendrone were 30% and 37% respectively (see table). 

Oxidation of aromadendrene with potassium permanganate affords aromadendrone, 
aromadendrene glycol, Cy;HggO., m. p. 118°, which can be further oxidised to aromadendrone, 
and traces of an acid, m. p. 175—175-5° (decomp.). 

The ketone aromadendrone is saturated, since it absorbs only one molecule of hydrogen 
on catalytic reduction and is reduced by sodium and moist ether to a saturated alcohol, 
aromadendrol, C,,H,,0, which is a mixture of stereoisomerides. It reacts with benzalde- 
hyde to afford a monobenzylidene derivative, m. p. 66—66-5°, but is not a methyl ketone, 
since Fuson’s reagent produces no iodoform. Reduction of the oxime of aromadendrone 
with sodium in ethyl-alcoholic solution gives aromadendrylamine, which is most readily 
purified through its sparingly soluble hydrogen oxalate, m. p. 167—168°. When the 
corresponding aromadendryltrimethylammonium hydroxide is distilled under diminished 
pressure, only a trace of hydrocarbon is produced. 

Briggs and Short (loc. cit.) obtained ‘‘ azulene’”’ by the dehydrogenation of aromaden- 
drene and St. Pfau and Plattner (loc. cit.) obtained S-guaiacazulene (I) in 3-6% yield from 
a sesquiterpene fraction of the oil of E. globulus. Repetition of the dehydrogenation of 
aromadendrene (from E. nova-angelica) now gives a higher yield (6-3%) of S-guaiacazulene, 
so this hydrocarbon undoubtedly arises from the tricyclic sesquiterpene. Although aro- 
madendrene is associated with an alcohol of the cadalene type in the oil of E. globulus 
(Ruzicka, Pontalti, and Balas, Helv. Chim. Acta, 1923, 6, 861), it occurs with eudesmol 
in the majority of the eucalyptus oils and is therefore probably a derivative of eudalene 
(II). On this basis the provisional formula (III) for aromadendrene is suggested. 


| = 


(II.) (III) (I) 


EXPERIMENTAL. 


The sesquiterpene fractions used in these experiments were isolated from the oils by dis- 
tillation, carefully purified by distillation over sodium, and fractionated with an efficient 
column. The ozonisations were performed as described in the previous communication. 


Physical constants of sesquiterpene fraction. Yield of 
aa m >  aromaden- 
Source. B. p./10 mm. ni, an. [Rilp-  ag7¢0 (1 dem.). drone, %. 
( 122—123° 1-4991 0-9122 65-76 
E. rariflora 123—123-5 1-4998 —_ — 
3 125—127 1-5024 0-9197 65-58 
120—121 1-4990 — — 
123—125 1-4995 0-9159 65-54 
124—125 1-5004 _ — 








1202 Radcliffe and Short: Aromadendrene. Part II. 


After digestion with 5% alcoholic sulphuric acid at 100° for 12 hours, fraction (5) had 
ny 1-5026, d3" 0-9067, [Rz]p 65-55. 

Aromadendrone.—Recrystallisation from ice-cold methyl alcohol raised the m. p. of this 
ketone to 84-5—85° (Found: C, 81-55; H, 10-75. Calc. for C,,H,,O: C, 81-6; H, 10-7%). 
The aromadendrone from fraction (5) had [a]}*%, + 5-75° in 8% alcoholic solution and 
[a]$979 + 542° (4:8% solution in alcohol) after regeneration from the semicarbazone. The 
semicarbazone was obtained intwoforms. The a-semicarbazone crystallised from methy] alcohol 
in hexagonal plates, m. p. 195—196° (decomp.) (Found: C, 68-5; H, 9-5; N, 15-9. C,;H,,;ON,; 
requires C, 68-4; H, 9-5; N, 16-0). The 8-semicarbazone was much less soluble in methyl 
alcohol, but also crystallised in hexagonal plates, m. p. 201-5—202-5° (decomp.) (Found: 
C, 68:55; H, 95%). The p-nitrophenylhydrazone crystallised from ligroin in needles, m. p. 
131° (Found: C, 70-5; H, 8-2; N, 12-4. CC, 9H,,O,N; requires C, 70-4; H, 7-9; N, 12-3%). 
The ketone (10-3 g.) was recovered unchanged after digestion with alkaline sodium hypobromite 
(from bromine, 26 g.; water, 800 c.c.; sodium hydroxide, 20 g.) at 100° for several hours. 
4-392 Mg. of aromadendrone on hydrogenation in acetic acid with a very active platinum 
catalyst absorbed 0-51 c.c. of hydrogen at 19-5°/753 mm., equivalent to 0-99 molecule.* 

Benzylidenearomadendrone.—A solution of benzaldehyde (11 g.) and aromadendrone (21 g.) 
in dry benzene was saturated with dry hydrogen chloride at 0° and kept in the ice-chest for 
48 hours. The red liquid was poured into ice-water, washed with dilute aqueous sodium 
carbonate, dried, and boiled for 24 hours with a solution of sodium (4-8 g.) in absolute alcohol 
(300 c.c.). The liquid was poured into water, and the oil collected in ether, dried, and dis- 
tilled. A little aromadendrone was recovered and the benzylidene derivative, b. p. 182— 
197°/1 mm., was purified by crystallisation from methyl alcohol; m. p. 66—66-5° (Found : 
C, 85-5; H, 8-75. C,,H,,O requires C, 85-7; H, 8-8%). Yield, 50%. 

Avomadendrol.—Reduction of aromadendrone with sodium (8 atoms) in moist ether afforded 
avomadendrol, b. p. 139—140°/10 mm., which solidified to a mass of long needles with a rose 
odour. The crystals, m. p. 54—59°, had a waxy texture and were too soluble for satisfactory 
recrystallisation (Found: C, 80-3; H, 11-5. C,,H,,O requires C, 80-8; H, 11:5%). Aro- 
madendrol gave no coloration with tetranitromethane and absorbed no hydrogen when dis- 
solved in acetic acid and shaken with an active platinum catalyst for 3 days.* 

Oxidation of Aromadendrene.—Addition of 8% aqueous potassium permanganate (equiv. to 
4 atoms of oxygen) during 16 hours to a vigorously stirred emulsion of aromadendrene (20 g., 
fraction 5) in water at 0—5° furnished unchanged sesquiterpene (2-5 g.), aromadendrone (6 g.), 
and a mixture of acids (6 g.). The last contained oxalic acid (m. p. 99°; equiv., 62-3; oxalo-p- 
toluidide, m. p. and mixed m. p. 270-5—271°) and a small quantity (0-2 g.) of an acid which gave 
a sparingly soluble sodium salt. The acid separated from ligroin in white crystals, m. p. 175— 
176° (decomp.) (Found: C, 69-6; H, 10-0. C,H,,O, requires C, 69-2; H, 10-3%). When half 
the above amount of potassium permanganate was used, 8 g. of sesquiterpene were recovered, 
the quantity of the other products was reduced, and an additional neutral product (2-2 g.), 
b. p. 145—158°/3—4 mm., was obtained. The last, aromadendrene glycol, crystallised from 
light petroleum (b. p. 50—60°) in long rods, m. p. 118° (Found: C, 75-4; H, 10-8. C,,;H,,O, 
requires C, 75-6; H, 10-9%). The glycol dissolved in warm 10n-sulphuric acid, but the solu- 
tion soon became turbid. On oxidation with potassium permanganate in acetone solution it 
afforded aromadendrone. 

Aromadendrylamine.—Reduction of aromadendroxime with sodium (9 atoms) in boiling 
absolute alcohol furnished the amine in 72% yield. The crude base afforded, with excess 
of aqueous oxalic acid, a sparingly soluble hydrogen oxalate, which crystallised from water in 
fine needles, m. p. 164—165° (Found : C, 64-8; H, 8-9; N, 4-6. C,,H,,O,N requires C, 64-65; 
H, 9-1; N, 4:°7%). Aromadendryltrimethylammonium iodide was obtained by adding methyl 
iodide (27-5 g.) to a well-shaken mixture of the base (8 g.), sodium hydroxide (7-7 g.), and 
water (16 c.c.) at 40°. The iodide separated and, after the mixture had stood for 2 days, was 
collected, recrystallised from hot water, and converted into the ammonium hydroxide by shak- 
ing an aqueous solution with freshly prepared silver oxide for 10 hours. The filtered solution 
was concentrated under diminished pressure, and the residue distilled at 400 mm. Only 
0-7 g. of neutral distillate was obtained; the bulk of the hydroxide decomposed in the 
alternative manner. ' 

Dehydrogenation of Avomadendrene.—A sesquiterpene fraction (b. p. 121°/10 mm., dj* 
0-9157; nl¥° 1-4993) of the oil of E. nova-angelica was dehydrogenated with sulphur as described 

* These determinations were made by Mr. W. F. Boston in the micro-analytical laboratory, 
Manchester University, by courtesy of Professor I. M. Heilbron. 
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by St. Pfau and Plattner (oc. cit., p. 869), and the S-guaiacazulene isloated as the picrate, m. p. 
122°, and identified by conversion into the trinitrotoluene compound, m. p. 89° (Found: C, 
61:9; H, 5-6; N, 9-9. Calc. for C,;H,.,C;,H,O,N,: C, 62-1; H, 5-4; N, 9-9%). 


We are indebted to the Chemical Society for a grant. 


AUCKLAND UNIVERSITY COLLEGE, NEW ZEALAND. 
THE COLLEGE OF TECHNOLOGY, MANCHESTER. (Received, June 25th, 1938.) 





225. The Molecular Volumes and Parachors of Mercuric Halides and 
their Group Relationships. 


By E. B. R. PrRIDEAUX and J. R. JARRATT. 


Previous work has shown that molar volumes of liquids usually exceed the atomic 
volumes of their constituents under corresponding conditions, such as equal vapour 
pressures, the proportionate excess being different for each compound in a series such 
as the mercuric halides. These differences are mainly due to differences in inter- 
molecular volumes or covolumes, which are controlled by internal pressures. These 
pressures, identified with van der Waals molecular attractions, a/V*, are increased in 
heteropolar molecules, which have semipolar or polar bonds. The electronic systems of 
the molecules, through this mechanism, affect all the properties dependent upon 
covolume and internal pressure, including coefficients of expansion, surface tensions, 
and parachors. These properties have been evaluated for mercuric, cadmium, and zinc 
halides. In particular, the parachors of mercuric chloride and bromide have been 
determined by the method of maximum bubble pressure. Parachors were found 
to be lower than the sums of the atomic parachors in each case, but a correction for 
semipolar bonds brings the values into much closer agreement. 


A DIMINUTION in tendency to ionise is found in the order zinc, cadmium, mercury. This 
is evident, not only in aqueous solutions, but also in the physical properties of the anhydrous 
compounds. These elements can also, by gaining six electrons, attain the configuration of 
an inert gas. This tendency is associated with the formation of complex ions in solution, 
a property which reaches its maximum at mercury; also, in the anhydrous halides, the 
same tendency may be shown by the formation of auto-complexes and of molecules with 
semipolar bonds. Evidence of this will be given below. Non-polar characteristics 
predominate on the whole ; among these are included low boiling points, high molar volumes 
and coefficients of expansion, and low conductivities. Heteropolarity, including ionisation 
and dipole formation, affects these properties in the opposite directions. 

The coefficients of decrease in density, a, from the equation D,, = D,{l — a(t, — 4)], 
are lower than those of typical all-covalent compounds. The values at the boiling point 

re: ZnCl, 2-3, CdCl, 2-0, HgCl, 5-1, HgBr, 5-95, Hgl, 6-55. 

The product, aT,, where T, is the absolute boiling point, is said to be constant for many 
salts, the mean value being 2-7. For the mercuric halides these products are: chloride 
0-29,, bromide 0-41, iodide 0-41. 

Electrical conductivities also are higher than those of non-polar compounds, the halides 
of zinc, cadmium, and mercury being classed by Biltz (Z. anorg. Chem., 1924, 133, 312; 
Biltz and Klemm, ibid., 1926, 152, 267) among the few transitional compounds between 
conductors and non-conductors. The equivalent conductivities at the melting points are : 

ZnC),. CdCl,. HgCl,. HgBr;. Hgl,. 
0-02 51-4 0-0025 0-051 0-52 


The existence of moderate conductivities is remarkable, since primary ionisation is low 


in mercuric halides, and should be lowest in the iodide. It may be attributed to the 


formation of auto-complexes such as Hg**(HgX,~). 
Hence, in respect of all the physical properties which have been reviewed, the halides 
of mercury do not behave as strictly non-polar compounds. This accounts for a 
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considerable departure from additivity in the atomic and molecular volumes, and gives 
grounds for expecting a departure from additivity in parachors. 

Surface Tensions.—Surface tensions of fused salts are conveniently measured by the 
method of maximum bubble pressure. The apparatus and methods were similar to 
those described by Sugden (J., 1922, 121, 588). Constants and correction factors were 
found by means of pure acetone, anhydrous alcohol, benzene, carbon tetrachloride, 
chloroform, and water. Absolute alcohol or carbon tetrachloride was used as manometric 
liquid. The fused halides were contained in a tube of (blue) Jena glass. A rubber stopper 
carried a gas-filled thermometer and the capillary tubes (radii 7, and 7,), which were heated 
before being placed in the fused compound. The tap connecting the tubes to the aspirator 
was then opened, and bubbles were allowed to form on the larger tube at the rate of about 
one per second. After the temperature had become constant, the pressures were read. 
A similar procedure was adopted with the smaller capillary. The mean of several readings 
was taken in each experiment, and several experiments were done with separate samples. 
The results were 

P. . y: PP. 
* 169-7 64-5 197-9 
59-8 200-1 

Additivity of the Parachors.—Sugden’s values for chlorine and bromine are 54-3 and 
68—69 respectively, those of Mumford and Phillips being in good agreement with these. 
The values obtained from the surface tensions, etc., of the liquid halogens are: chlorine 
55-7, bromine 66-0. The parachor of mercury in combination is 68-7, and that of the 
element is 68-8. The sums of atomic parachors under P, are calculated from parachors of 
the elements in combination, and those under P, from the free elements. 

P, obs. P,, calc. P,, calc. 

169-7 177-8 180-4 

199-0 205-0 201-0 
Thus an approximation only to the all-covalent formula is indicated. As already shown, 
however, from a consideration of the electronic systems, it seems probable that these 
compounds each contain two semipolar bonds, by which the electronic system of mercury 
would be completed. ‘According to Sugden’s scheme, each of these bonds requires a 
deduction of 1-6 units. This brings the calculated values P, to 174-6 and 201-8 respectively, 
leaving negative deviations of 4-9 and 2-8. Apart from the presence of a small proportion 
of auto-complex ions, the proposed formula is Cl ——> Hg <—— Cl. 

It has been stated that the parachor of a liquid bears a constant ratio to its volume 
at the absolute zero, which may be calculated by one of the methods referred to in the 
table below. This ratio, P/V, = 2-9 + 0-5, is approximately constant only for liquids whose 
surface tensions at low temperatures fall within a certain range. Mercuric chloride and 
bromide have a different ratio, viz., 3-54 and 3-28, respectively. Since molar parachors 





Various functions of the properties of mercuric chloride and bromide, referred to g.-mols. or 
g.-atoms. 


Ratio 
HgCl,. HgBr,. f£(HgBr,) /f(HgCl,). 
(1) Vol. at b. p. 74-47 1-19 
(2) Sum of atomic vols. at b. p.’s . 68-35 1-11 
(3) Vol. of solid ° 59-1 1-18 
(4) Vol. at 0° k. from —_———— of density 52-7 1-10 


(5) Vol. at 0° x. from formula with coefficient of expansion : 61-0 1-27 
(6) Sum of atomic zero volumes . 57-9 1-10 
(7) Sum of vols. occupied by atoms, from atomic radii ... ° 15-9 1-20 
(8) Parachor 199-0 1-17 
(9) Sum of atomic parachors (calc. from compounds) . 205-0 1-15 
(10) Sum of atomic parachors (free elements) , 201-0 1-12 
(11) Parachor from revised equation (p. 1205) . 218-5 1-175 


(1) J., 1910, 97, 1032. (2) From Hg = 16-16, Cl, = 45-32, Br, =-52-19. (4) Calculated by the 
mean-density method. (5) Calculated m D; = D, = D,(1 — T,)*%, in which T, is the reduced 
temperature, T, for HgCl, being 703°, and for HgBr, io11°. (7) The radii are those "of the uncharged 
elements: Hg = 1-50, Cl = 0-97, Br = 1-13 a, From these, the volumes are calculated as those of 
atomic spheres, multiplied by the Avogadro number. 
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are approximately equal to the sums of the atomic values, the ratios 2P,/2XV, should be 
similar: they are 3-4 and 3-56 respectively. 

The preceding table contains all available data relating to the volumes of the compounds 
and of their constituent elements under various corresponding conditions. 

Discussion of the Table-—The ratios of the volumes under various corresponding 
conditions of the bromide and the chloride fall into two classes, having values of about 
1-20 and 1-10 severally. To the first class, with the exception of (4), belong the volumes 
of the compounds; to the second, except (9), belong the sums of the atomic volumes. 
Hence, expansion on combination, under corresponding conditions, is greater for the 
bromide than for the chloride. An explanation in terms of internal pressures is given below. 

A connexion between internal pressure and surface tension has been demonstrated by 
Eucken (Nachr. Ges. Wiss. Gottingen, Math.-phys. Klasse, Heft 3). The internal pressure 
II, identified with the van der Waals forces of intermolecular attraction a/V?, in condensed 
isotropic substances varies as a high power of the radii r of atoms or molecules. Also the 
work A required to form a new surface in such substances is equal to 2/378. By combining 
these two relations it was shown that IT = 12A/+/2r, in which A should be identified with 
the specific surface enthalpy, 1, = — T(de/dT),. From the constancy of the product 
of surface enthalpy and molecular surface, values of i,can be calculated. Also at T = 0°, 
i, == 6. From all these relations it was deduced that, under pressures which are low 
compared with the internal pressures, V*4e = constant. Revised parachors have been 
calculated by this equation [see (11)]. 

Although in the above deductions, internal pressures have been eliminated from the 
final result, it seems that the introduction of surface tension into the parachor really 
depends on some relation between internal pressures and intermolecular volumes. Internal 
pressures can be calculated by the equations : 

ajJV?=Rilje—2T)JV....'... (i) 
Gv ’mair,. « « « 6 12. + i oe 


« being defined as a on p. 1203, and L being the latent heat of vaporisation. These equations 


yield results which are not identical but usually follow the same order. In the case of 
homopolar molecules, it should be possible to define internal pressures which will determine 
such intermolecular volumes as will give additive volume relations. In the case of 
heteropolar molecules, however, the attractive forces are higher under conditions which 
are “‘ corresponding ”’ as judged by other physical properties. 

The following internal pressures, p (in dynes per sq. cm. x 10°), have been calculated 
by equations (1) and (2) : 


Cl,. Bry. I,. HgCl,. HgBr,. Hgl,. 
~, from (1) . 2-42 2-52 4°15 2-94 2-50 
5-64, —_ 9-32 7-98 6-66 
These are in the expected order of heteropolar character. The tendency to separation of 
charges is greatest for chlorides; therefore internal pressures should diminish in the order 
found. On the other hand, the dipoles of the halogens are: Cl, 0-13, Br, 0-6, I, 1-2, so the 
intermolecular attractions should increase with rise of atomic weight. 

Thus, considering the combination with mercury under corresponding conditions, 
halogens of higher atomic weight having Aigher internal pressures. and therefore lower 
intermolecular volumes combine to form halides having lower internal pressures and there- 
fore higher volumes. This explains the result (Prideaux, J., 1910, 97, 2043) that when 
the elements under corresponding conditions form the compounds also under corresponding 
conditions, expansion on combination is greater for the bromide than for the chloride 
[see table; (1), (2)]. Under parachor conditions, contraction on combination is greater 
for the chloride than for the bromide [see table; (8), (9), (10)]. 

In a projected extension of the present investigation, attempts will be made to obtain 
the molar surface enthalpies of the bromide and iodide, and to define further the relations 
between surface tension, internal pressure, and intermolecular volume of such liquids as 
show some heteropolar characters. 

University COLLEGE, NoTTINGHAM, [Received, March 9th, 1938.] 
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226. Sophora Alkaloids. Part II. The Alkaloids of the Seeds of 
S. Tetraptera. 


By Linpsay H. Briccs and WALTER S. TAYLOR. 


The seeds of Sophora tetraptera are shown to contain mostly matrine, a little 
methylcytisine, and a base (aurichloride, m. p. 186°). 


In continuance of the investigation of the alkaloids of Sophora species endemic to New 
Zealand (Part 1, J., 1937, 1795), the seeds of Sophora tetraptera, syn. Edwardsia tetraptera, 
have now been examined. The crystalline portion of the crude alkaloid (yield, 3%) proved 
to be almost entirely matrine with a little methylcytisine. These are also the chief alka- 
loids from the seeds of S. microphylla, where they occur, however, in almost equal amount. 
A considerable amount of basic resinous material accompanies these alkaloids, from which 
a small amount of a base was obtained through the hydriodide, giving an aurichloride, m. p. 
186° (decomp.). The m. p. approximates to that of sophoramine (aurichloride, m. p. 
183—184°) isolated by Orechov (Ber., 1933, 66, 948) from the foliage of S. alopecuroides, but 
the amount obtained was too small for further characterisation. 


EXPERIMENTAL. 


S. tetraptera is a tree very similar to S. microphylla, and the material used in this research was 
collected from trees in the Hawkes Bay district. 

7-54 Kg. of crushed seeds were worked up as described in Part I except that the final extract 
of the alkaloids in aqueous solution was made with trichloroethylene in a continuous extractor 
(Briggs, Ind. Eng. Chem. [Anal.], 1937, 9, 250). The brown semicrystalline mass of crude 
alkaloids (232 g.; ca. 3% yield) so obtained was hygroscopic and was very soluble in water and 
the usual organic solvents except light petroleum and benzene. An aliquot portion (130 g.) of 
the crude material was extracted exhaustively with successive portions of petroleum (b. p. 
80—100°), leaving a dark brown, vitreous residue (M) (41 g.). The alkaloid which separated 
from the evaporated extracts was distilled in two lots in order to make use of any fractional 
extraction. Both distilled as pale yellow oils, b. p. ca. 200°/< 1 mm. (total yield, 76 g.), solidify- 
ing on standing. The undistillable residue was a dark tarry mass amounting to 11 g. from both 
experiments, which could not be crystallised nor converted into crystalline derivatives. 

Both distillates were then fractionally recrystallised from petroleum of different boiling 
points, and the mother-liquors systematically worked up in a series of over fifty recrystallisations. 

The distilled bases were repeatedly extracted with light petroleum (b. p. below 40°) to comple- 
tion. The material separating was repeatedly crystallised from the same solvent until crystals of 
base A, of constant m. p. 77°, were obtained. The portion insoluble in light petroleum was then 
repeatedly crystallised from petroleum (b. p. 80—100°) and yielded base B, m. p. 137-5—138°. 
The mother-liquors were worked up separately, the light petroleum yielding further quantities of 
base A, whereas the mother-liquors of the petroleum (b. p. 80—100°) first yielded crystals of base 
Band then those of base A. Both distillates contained bases A and B, the material from the first 
series of extractions containing three times as much of base B as the material from the latter 
extractions. It is essential that all apparatus and solvents should be quite dry—-if these pre- 
cautions are not observed, the alkaloids, especially base A, tend to resinify readily and reduce the 
yield of pure alkaloid. 

When no more crystalline material could be obtained, the mother-liquors were evaporated to 
dryness under reduced pressure, and the residue taken up in water (charcoal) and converted into 
picrates. By fractional crystallisation further quantities of bases A and B were obtained as pure 
picrates. : ° 

From 76 g. of distilled bases, 55-8 g. of base A, 3-3 g. of base B, 5-4 g. of base A picrate and 
0-2 g. of base B picrate were obtained. No evidence could be obtained for the presence of other 
alkaloids in the distilled material. 

Base A .—This base, m. p. 77°, has been identified as «-matrine by mixed m. p. determinations 
with authentic specimens of the free base and their derivatives. [a]}* + 32-06° (J = 1, c = 
2-246 in water); b. p. 230°/10 mm., 224°/5 mm., 190°/0-5 mm. 

Methiodide. The isomeric methiodides, m. p. > 300° and m. p. 254° (decomp.), described in 
Part I were again obtained with no trace of lower-melting isomerides. 
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Methyl matrinate methiodide. Orechov and Proskurnina (Ber., 1935, 68, 429) recommend this 
compound as the most suitable for the identification of matrine. The compound so obtained 
had m. p. 215—216°, undepressed by an authentic specimen kindly provided by Professor 
Orechov. Their observations on potassium matrinate, however, could not be confirmed. 
Potassium matrinate is hygroscopic and excessively soluble in water. It crystallises readily 
from absolute alcohol or better from alcohol—acetone (1 : 3) in fine long needles, m. p. 160—165°. 
Orechov and Proskurnina (/oc. cit.) record the same m. p. (from water). They also state that this 
form is a hydrate, giving an extremely hygroscopic anhydrous salt, m. p. 237—239°. In our 
hands potassium matrinate was unaltered in m. p..after heating for some time at 137°/20 mm. 
over calcium chloride. 

Hydriodide. Colourless plates, m. p. 267° with darkening at 250°, separate after long stand- 
ing when the base in aqueous alcohol is mixed with the equivalent of concentrated hydriodic 
acid. The material decomposes on recrystallisation from hot water or alcohol. 

Picrate. This is easily prepared and crystallised from hot water. It has m. p. 64—140°, the 
indefinite m. p. probably being due to water of crystallisation. A sharp m. p. is not obtained 
after long heating over phosphoric oxide in a vacuum, although the incipient m. p. is raised to 
97°. The derivative is therefore not suitable for the identification of matrine. 

Base B.—This base, m. p. 137-5—138°, [«]??” — 221-6° (1 = 1, c = 2-157 in water), has been 
identified as methylcytisine. The m. p. of the free base was not depressed by an authentic 
specimen, the following derivatives behaving similarly (the m. p.’s in parenthesis refer to those 
already recorded ; cf. Part I, where full references to matrine and methylcytisine are also given) : 
picrate, m. p. 230° (229°); picrolonate, m. p. 224—225°, decomp. (224°); aurichloride, m. p. 
207°, decomp. (206°); perchlorate, m. p. 254°, decomp. (250—252°). The platinichloride, 
orange-red needles, obtained in alcoholic solution sintered at 265° but did not melt below 290° 
(cf. Part I). The methiodide, obtained after 15 minutes’ refluxing of the reactants in acetone 
and standing, crystallised from methyl] alcohol in colourless plates, m. p. 276-5°. Ing (J., 1931, 
2200) records m. p. 276° (cf. also Part I). 

Hydriodide. This separated in reddish needles, m. p. 246° (decomp.) with previous sintering 
at 232°, when concentrated hydriodic acid was added to the base in aqueous solution. Like 
matrine hydriodide, it decomposed when attempts were made to recrystallise it. 

The original vitreous residue (M) insoluble in boiling petroleum was deliquescent, very 
soluble in alcohols and chloroform and partly soluble in ether, acetone, benzene, and xylene. 
From the latter solvents, only amorphous products separated which rapidly turned to viscous 
brown oils on exposure to the atmosphere. They gave pyrrole bases on dry distillation (pine 
shaving test). 

The material could not be purified through re-solution in water and extraction, by salting out 
from concentrated solutions saturated with potassium carbonate, or by chromatographic 
adsorption on norit or calcium carbonate. Derivatives, sometimes crystalline but usually 
amorphous, became oily or tarry on short exposure to the atmosphere. The hydriodides 
alone were stable-solids, partly crystalline, but decomposed when heated in solution for 
recrystallisation. 

A portion of the crystalline hydriodide was dissolved in water, saturated with potassium 
carbonate, and extracted with chloroform. The drop of oily base obtained gave a yellow 
amorphous picrate, m. p. 140—180°, which could not be crystallised, and an aurichloride 
crystallising from aqueous acetone, m. p. 186° (decomp.). The material was too small in amount 
for further characterisation. 

An aliquot portion of the residue (M) (28 g.) was then distilled; 5-2 g. of a pale yellow oil 
passed over at 170°/0-2 mm., which solidified after 3 weeks. Derivatives prepared from this 
material approximated in m. p. very closely to those of sophoridine (Orechov, Ber., 1933, 66, 
948), but careful purification showed that they were derivatives of mixtures of methylcytisine 
and matrine. No other bases could be detected and the residue from the distillation could not be 


crystallised. 


We are indebted to the Chemical Society and the Australian and New Zealand Association for 
the Advancement of Science for grants and one of us (W. S. T.) for a Sir George Grey Scholarship. 


AUCKLAND UNIVERSITY COLLEGE, AUCKLAND, NEW ZEALAND. (Received, June 27th, 1938.] 








Ramage and Simonsen : 


227. The Caryophyllenes. Part VI. y-Caryophyllene. 
By G. R. RAMAGE and J. L. SIMONSEN. 


By the ozonolysis of acetamidodihydro-y-caryophyllene, prepared from y-caryo- 
phyllene «a-nitrosochloride, and of acetamidodihydro-$-caryophyllene a crystalline 
ketone, C,,H,,O,N, m. p. 139—140°, has been obtained. It is suggested that the 
parent hydrocarbons, 8- and y-caryophyllenes, are stereoisomerides. On the basis of 
Ruzicka’s representation (I) for 6-caryophyllene the most probable formule would 
appear to be (III) and (IV). 


THE designation isocaryophyllene, later changed to y-caryophyllene (Deussen, J. #7. 
Chem., 1914, 90, 324), was given by Deussen and Lewinsohn (Ammnalen, 1907, 356, 20) to 
a hydrocarbon isolated by the distillation in steam of the oil remaining after the 
preparation of the blue nitrosite of B-caryophyllene. It was obtained later by the same 
authors (ibid., 1908, 359, 251) in a purer state by the digestion of f$-caryophyllene 
nitrosite with alcohol. The hydrocarbon was characterised by the preparation of two 
nitrosochlorides, «-, m. p. 123—-124°, and 8-, m. p. 147—148°; it did not, however, yield 
a nitrosite. Deussen considered y-caryophyllene to be a homogeneous hydrocarbon, but 
this was questioned by Ruzicka and Wind (Helv. Chim. Acta, 1931, 14, 410). Although 
there is no evidence that y-caryophyllene occurs in nature or of its identity with the main 
hydrocarbon constituent of high rotatory power occurring in oil of cloves, it appeared of 
interest to investigate its structure, more especially since Deussen and his collaborators 
have shown that it must be related very closely to B-caryophyllene. They found that 
y-caryophyllene «- and §-nitrosochlorides, 8-caryophyllene nitrosochloride, and $-caryo- 
phyllene nitrosite gave on treatment with benzylamine the same nitrolamine and also 
that the nitrosochlorides of both hydrocarbons gave with sodium ethoxide the same 
substance, C,,H,,0O,N, m. p. 163—164° (cf. Deussen, Annalen, 1912, 388, 137). We have 
confirmed the observation that y-caryophyllene a-nitrosochloride and 6-caryophyllene 
nitrosite give the same nitrolamine. It therefore appeared to us either that y-caryo- 
phyllene must be the tsopropylidene isomeride (II) or that the two hydrocarbons must be 
stereoisomerides, and of the various possibilities (III) and (IV) seem to us to be the most 


probable. 
CH, 


a Me,c-cHt N CMe 


»C-CH CH 


H Me,C-CH CMe — VY 


H,C-CH CH H,C-CH CH 


Gf-CH,-CMe:CH, NGL-CH:CMe, "a CH,-CMe:CH, H \CH,-CMe!CH, 
(I.) (II.) (III.) (IV.) 


We now submit evidence which appears to support the latter explanation. 
By the action of pyridine on y-caryophyllene «-nitrosochloride, oximino-y-caryophyllene 
was obtained as a viscid oil, which on reduction with sodium and alcohol gave amino- 


CH, CH, CH, 


Meo \oMeno, Meso—Cft \cHMe Mec—Cft ~~ 
H,C—CH CH-:NO H,C—CH CH-NHAc H,C—CH CO,H 

Z ; be 4 NZ 

CH-CH,*CMe:CH, CH-CH,Ac CH-CH,°CHMe, 

(V.) (VI.) (VII.) 
dihydro-y-caryophyllene. Ozonolysis of the acetyl derivative of this base gave form- 
aldehyde and a crystalline levorotatory ketone, C,,H,,0,N, m. p. 189—140°. Since we 
have shown (J., 1935, 1581) that, Ruzicka’s representation (I) for 8-caryophyllene being 
accepted, the blue nitrosite must be (V), there can be no doubt that this ketone must be 
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(VI) and its formation negatives the possibility that (II) represents the parent hydro- 
carbon. 

In some preliminary experiments we investigated the ozonolysis of oximino~y-caryo- 
phyllene and obtained as the only recognisable products formaldehyde and acetalflehyde. 
It is difficult on any method of formulation to account for the formation of the latter 
aldehyde, which we obtained from two distinct preparations of the oximino-compound, 
and it cannot therefore result from some extraneous impurity. We can at present offer 
no explanation 

Further evidence, although not conclusive, in support of the structure (VI) assigned 
to the ketone was obtained by the catalytic hydrogenation of aminodihydro-y-caryo- 
phyllene to aminotetrahydro-y-caryophyllene, from which by the action of nitrous acid, 
followed by dehydration, dihydro-y-caryophyllene was prepared. On ozonolysis the 
hydrocarbon gave, in addition to a neutral product having aldehydic properties, a liquid 
keto-acid, analysis of the silver salt indicating that it had the expected composition 
C,;H,,0;. Unfortunately no crystalline derivatives could be prepared, but, in agreement 
with its probable representation (VII), it gave bromoform with sodium hypobromite. 
The dibasic acid was a gum and it gave a resinous dianilide, so its composition could not 
be determined. Additional products of the ozonolysis were small quantities of form- 
aldehyde and acetone, originating probably from a trace of the dihydro-base present in 
the tetrahydro-base used in the preparation of the hydrocarbon. 

Three dihydrocaryophyllenes are recorded in the literature. By the catalytic hydro- 
genation of y-caryophyllene Deussen (J. pr. Chem., 1914, 90, 325) obtained a dihydro- 
caryophyllene, a» — 29-4°, and from crude caryophyllene (Amnalen, 1912, 388, 156) a 
hydrocarbon, ap — 25°, whilst we (J., 1934, 1808) prepared from §-caryophyllene 
nitrosite a hydrocarbon, [«];4,, — 47-15°.. The hydrocarbon now referred to had 
54g, — 261° in fair agreement with the values recorded by Deussen, but no proof of 
identity is of course possible. ' 

In view of these results it appeared to be of interest to investigate the ozonolysis of 
acetamidodihydro-8-caryophyllene prepared by the acetylation of aminodihydro-f-caryo- 
phyllene (J., 1934, 1808). This gave as the main products of the ozonolysis formaldehyde 
and the ketone C,,H,,0,N, m. p. 139—140°, identical with that derived from the isomeric 
acetamide prepared from y-caryophyllene. This result was not unexpected in view of 
the obviously facile interconversion of 8- and y-caryophyllenes. The fact, however, that 
the two dihydrocaryophyllenes prepared from the two bases are clearly not identical 
suggests that the isomerism of the two parent hydrocarbons must have persisted in the 
two bases. 

We consider that these experiments, in conjunction with those of Deussen, leave little 
doubt of the relationship of 8- and y-caryophyllenes, although the final proof of structure 
must await the synthesis of caryophyllenic acid. The ketone C,,H,,O,N, which is 
comparatively readily accessible, should be of value in elucidating the character of the 
side chain present in the caryophyllenes, for which direct evidence is lacking, and we 
propose to extend our investigations in this direction. 


EXPERIMENTAL. 


The y-caryophyllene (from $-caryophyllene nitrosite) used in the experiments to be 
described had b. p. 130—131°/24 mm., a5 0-8923, n° 1-4942, [a] 54g, — 29°7°. 

The nitrosochloride was most conveniently prepared by the following modification of 
Deussen and Lewinsohn’s method. To a mixture of the hydrocarbon (5 c.c.), methyl alcohol 
(10 c.c.), and ethyl nitrite (10 c.c.), cooled in ice-salt and mechanically stirred, an alcoholic 
solution of hydrogen chloride (15 c.c.; 0-24 g. HCl per c.c.) was gradually added. The heavy 
blue oil obtained solidified in the ice-chest after 24 hours. It crystallised from alcohol—acetone 
in needles, m. p. 122°. No evidence of the formation of the higher-melting B-isomeride was 
obtained. 

Oximino-y-caryophyllene.—A mixture of the nitrosochloride (8-5 g.) and pyridine (25 c.c.) 
was heated on the water-bath for 2 hours. The brown solution, which deposited pyridine 
hydrochloride on cooling, was poured into dilute sulphuric acid, the oil taken up with ether, 
the ethereal solution washed with dilute sulphuric acid and sodium carbonate solution and 
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dried over potassium carbonate, and the solvent removed. On distillation of the residual oil 
under diminished pressure (4 mm.), after a small quantity of hydrocarbon had passed over, 
the remainder had b. p. 160—170°. The extremely viscid, colourless oil was redistilled for 
analysis, b. p. 162—167°/5 mm. (Found: N, 61. C,,;H,,ON requires N, 60%). With 
Brady’s reagent oximino~y-caryophyllene reacts immediately, yielding a deep red 2 : 4-dinitro- 
phenylhydrazone, m. p. 155—167°, which could not be crystallised. Ozonolysis of the 
oximino-derivative in methyl acetate solution gave formaldehyde (dimedone) and acetaldehyde 
(2 : 4-dinitrophenylhydrazone, m. p. 149°. Found: C, 42-5; H, 3-7. Calc.: C, 42-9; H, 
3-6%) together with resinous products. 

A minodihydro-y-caryophyliene.—To a boiling solution of oximino-y-caryophyllene (12 g.) 
in alcohol (400 c.c.), sodium (25 g.) was added as rapidly as possible. After solution was 
complete the alcohol was removed in steam, and the crude base dissolved in ether and extracted 
from this with dilute hydrochloric acid. The base was liberated by the addition of sodium 
hydroxide solution and redissolved in ether, the ethereal extract dried over potassium 
hydroxide, and the base, after removal of the solvent, distilled, being obtained as a colourless 
viscid oil, b. p. 147°/138 mm. (Found: N, 6-7. C,,;H,,;N requires N, 6-3%). The acetyl 
derivative was obtained as an extremely viscid oil, b. p. 218—220°/17 mm., by digestion of 
the base with acetic anhydride. 

Oxidation of Acetamidodihydro-y-caryophyllene.—The acetyl derivative (3 g.) in methyl 
acetate (20 c.c.) was ozonised at 0°; formaldehyde was present in the issuing gases. After 
removal of the solvent under diminished pressure, water (10 c.c.) was added, and the ozonide 
decomposed by heating on the water-bath for 1 hour and on the sand-bath for } hour. The 
resulting heavy oil was dissolved in ether, the solution washed with dilute aqueous sodium 
hydroxide and dried, and the solvent removed. The viscid oil (2 g.) obtained slowly 
crystallised in rosettes of needles, which, after three crystallisations from ethyl acetate—light 
petroleum (b. p. 40—60°), had m. p. 139—140°, [a]544, — 58° in ethyl acetate (c, 1-643) 
(Found: C, 72-5; H, 9-9; N, 5-5. C,,H,,O,N requires C, 72:5; H, 10-2; N, 53%). The 
ketone, which gave no colour with tetranitromethane in alcoholic solution, was readily soluble 
in the ordinary organic solvents with the exception of ether and ligroin; it reacted with 
carbonyl reagents, but crystalline derivatives were not obtained. With Fuson’s reagent it 
gave iodoform. 

The sodium hydroxide solution (see above) gave on acidification a gummy acid (0-7 g.), 
which was not further examined. 

Aminotetrahydro-y-caryophyliene.—An alcoholic solution of the dihydro-base (5 g.) was 
catalytically hydrogenated, a palladium-norit catalyst being used. Reduction was slow and 
was completed at 3 atms. The base, b. p. 147°/11 mm., was a colourless mobile oil, which 
appeared to take up carbon dioxide somewhat readily (Found: C, 81-1; H, 12-8. C,,;H.N 
requires C, 80-7; H, 13-0%). Its alcoholic solution gave a faint yellow colour with tetra- 
nitromethane. 

Dihydro-y-caryophyllene.—To a solution of the above-mentioned base (5 g.) in acetic acid 
(2 c.c.) and water (20 c.c.), a concentrated solution of sodium nitrite (1-8 g.) was very slowly 
added, nitrogen being evolved. After 1} hours the mixture was heated on the water-bath 
until the evolution of nitrogen ceased; excess of alkali was then added, and the heating 
continued for 15 minutes. The oil extracted from the cooled solution with ether was washed 
with dilute sulphuric acid (to remove a little unchanged base) and sodium carbonate solution, 
dried, and the solvent removed. Without further purification the residual oil (4 g.) was mixed 
with finely powdered potassium hydrogen sulphate (3 g.) and heated at 180—200° for 3 
hours. The deep brown oil was dissolved in ether, washed with sodium carbonate solution, 
which removed a brown resin, dried, and the ether evaporated. The Aydrocarbon had b. p. 
127°/13 mm. and was a colourless oil, the last few drops having a faint blue colour. After 
distillation over potassium it had b. p. 140°/24 mm., m}® 1-4921, as4g, — 26-1° (Found: 
C, 87-0; H, 12-2. C,,H,, requires C, 87-4; H, 12-6%). 

Oxidation of Dihydro-y-caryophyllene—The hydrocarbon (1-8 g.) in methyl acetate (10 c.c.) 
was ozonised at 0° until ozone passed freely through the solution (2 hours), the issuing gases 
being passed through water (A). After removal of the methyl acetate under diminished 
pressure, water (10 c.c.) was added, and the ozonide decomposed by warming on the water- 
bath for } hour and finally boiled under reflux for 15 minutes under conditions such that any 
readily volatile ketone (or aldehyde) could be trapped in a solution of Brady’s reagent (B). 
The aqueous solution was extracted with ether, the extract washed with sodium hydroxide 
solution (C) and dried, and the solvent evaporated. The residual neutral oil (0-8 g.) reacted 
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readily with carbonyl reagents, but no crystalline derivatives could be prepared; it reduced 
ammoniacal silver nitrate solution with the formation of asilver mirror. The alkaline solution 
(C) was acidified and the oil which separated was extracted with ether; removal of the solvent 
left a viscid gum (1 g.), which reacted slowly with carbonyl reagents and gave a liquid 
p-phenylphenacyl ester. The amorphous silver salt, which was readily soluble in alcohol, was 
analysed (Found: Ag, 30-3. C,;H,,O,Ag requires Ag, 29-8%). 

The aqueous solution (A) was mixed with Brady’s reagent, a yellow 2: 4-dinitrophenyl- 
hydrazone (2 mg.) separating. This crystallised from light petroleum (b. p. 60—80°) in yellow 
needles, m. p. 153—155°, both alone and in admixture with formaldehyde-2 : 4-dinitrophenyl- 
hydrazone. The solution (B) gave on addition of dilute sulphuric acid a yellow precipitate 
(50 mg.). This had m. p. 110—115°, raised by three crystallisations from alcohol to 128°, both 
alone and in admixture with acetone-2 : 4-dinitrophenylhydrazone. 

Oxidation of Acetamidodihydro-B-caryophyllene.—The acetyl derivative (8 g.), b. p. 220— 
222°/18 mm., obtained as a viscid gum by digestion of the base (J., 1934, 1808) with acetic 
anhydride, was ozonised in methyl acetate (35 c.c.) at 0°; formaldehyde was present in the 
issuing gases. The ethereal solution of the neutral product of the ozonolysis was concentrated, 
a small quantity of light petroleum (b. p. 40—60°) added, and the solution kept in the ice-box 
for 2 days; a crystalline solid had then separated, m. p. 132—135°, raised to 139—140° by 
crystallisation from ethyl acetate-ligroin. The ketone, [«];,4g, — 59° in ethyl acetate (c, 2-174), 
was identical in all respects with that described above (Found: C, 72-3; H, 10-1%). 


We are indebted to the Government Grants Committee of the Royal Society, to the 
Chemical Society, and to Imperial Chemical Industries Ltd. for grants and to Mr. W. G. 
Wainwright for assisting with the preliminary experiments. 


UNIVERSITY COLLEGE OF NorTH WALES, BANGOR. [Received, June 18th, 1938.] 





228. The Caryophyllenes. Part VII. Experiments on the Synthesis 
of Caryophyllenic Acid. 


By Morcan D. Owen, G. R. RAMAGE, and J. L. SIMONSEN. 


3 : 3-Dimethylcyclobutanecarboxylic acid (IV) and 3 : 3-dimethylcyclobutanone (VIII) 
have been synthesised. The former was obtained by the condensation of ethyl 
potassiomalonate with 1: 3-dibromo-2 : 2-dimethylpropane, followed by hydrolysis 
of the resulting ester and elimination of carbon dioxide; the latter by the interaction 
of diazomethane and dimethylketen. It is proposed to use these two substances for 
the synthesis of caryophyllenic acid (II or ITI). 


THE degradation of caryophyllenic acid to its lower homologue, norcaryophyllenic acid (I), 
and the proof provided of the structure of the latter acid (J., 1935, 532), later confirmed by 
Rydon’s synthesis (J., 1936, 593; 1937, 1340), have shown that the former acid must be 
represented by either (II) or (III). The accepted view, based on Ruzicka’s formula for 
8-caryophyllene, is.that (III) is the more probable. 


Me,C—CH-CO,H Me,C—CH-CH,-CO,H Me,C—CH-CO,H 
H,C—CH-CO,H H,C—CH-CO,H H,C—CH-CH,CO,H 
(I.) (II.) (III.) 


We have for some time been engaged in experiments on the synthesis of the acids (II) and 
(III) and a possible method for the synthesis of (III), recently suggested (Lewis, Ramage, 
and Simonsen, J., 1937, 1837), is being studied. We now describe the preparation of two 
cyclobutane derivatives which open up other possible routes. 

The obvious method for the synthesis of 3 : 3-dimethylcyclobutanecarboxylic acid (IV) 
follows Perkin’s method (J., 1892, 61, 40) for the synthesis of cyclobutanecarboxylic acid 
by the condensation of 1 : 3-dibromopropane and ethyl sodiomalonate. The necessary 
1 : 3-dibromo-2 : 2-dimethylpropane was prepared by Franke (Monatsh., 1913, 34, 1893) by 
the action of phosphorus tribromide on | : 3-dihydroxy-2 : 2-dimethylpropane at 150°. 
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He described the dibromide as being extremely stable and he was unable to prepare the 
corresponding dinitrile by the action of potassium cyanide. 

We have found the pure glycol difficult to isolate from the product of the Cannizzaro 
reaction on the aldol formed by the condensation of formaldehyde and tsobutaldehyde 
(Wessely, Monatsh., 1900, 21, 216, 232). With the crude glycol poor yields of the dibromide, 
accompanied by much charring, were obtained with phosphorus tribromide and the ordinary 
hydrobromic-sulphuric acid method was ineffective. By utilising the diacetyl derivative 
of the glycol and hydrogen bromide in acetic acid (cf. Perkin and Simonsen, J., 1905, 87, 
856), the dibromide, together with the bromoacetyl derivative, was, however, readily 
obtained in good yield by close adherence to the conditions given. In agreement with 
Franke we found the dibromide to be very unreactive and condensation with ethyl potas- 
siomalonate could only be effected by prolonged heating at 130—140° or by carrying out 
the reaction in boiling isobutyl-alcoholic solution. Under these conditions the reaction 
proceeded normally and on hydrolysis of the condensation product 3 : 3-dimethylcyclo- 
butane-1 : 1-dicarboxylic acid, decomp. 162°, was obtained in comparatively good yield. 
There was no evidence of the formation of the open-chain tetracarboxylic ester. Elimin- 
ation of carbon dioxide gave 3 : 3-dimethylcyclobutanecarboxylic acid (IV), from which 
methyl 1-bromo-3 : 3-dimethylcyclobutane-l-carboxylate (V) was prepared. Attempts to 

Me,C—CH, Me,C—CH, Me,C—CH, 

H,C—CH:CO,H H,C—CBr-CO,Me H,C—C(OH)-CO,H 

(IV.) (V.) (VI.) 

eliminate hydrogen bromide from the ester by the action of diethylaniline were unsuccessful, 
reduction to the methyl ester of the parent acid occurring (cf. Haerdi and Thorpe, J., 1925, 
127, 1242; Gibson and Simonsen, J., 1929, 1076). With methyl-alcoholic potassium 
hydroxide solution, a similar reduction occurred to some extent, together with simultaneous 
formation of 1-hydroxy-3 : 3-dimethylcyclobutane-l-carboxylic acid (VI), m. p. 83°. In 
attempts to prepare the hydroxy-acid by the action of baryta on the bromo-ester, only 
the unsaturated acid could be isolated. This acid is being further investigated, since it 
should provide a convenient route to (II). 

It has been shown by Lipp and Késter (Ber., 1931, 64, 2823) that, by the interaction of 
diazomethane and keten, cyclobutanone and not, as might have been anticipated, cyclo- 
propanone, is obtained. By a similar condepsation with dimethylketen, either 2f: 2- 
dimethylcyclobutanone (VII) or 3 : 3-dimethylcyclobutanone (VIII) should be formed. We 


Me,C—CO Me,C—CH, Me,C—CH-CO,Et 
H,C—CH, H,C—CO H,C—CO 
(VII.) (VIII.) (IX.) 


find that the latter ketone is obtained in comparatively good yield. Its constitution was 
proved by its conversion through the bisulphite compound and hydroxy-nitrile into the 
hydroxy-acid (VI). We propose to attempt the preparation of the keto-ester (IX) from the 
ketone, since it is probable that this ester could be used for the synthesis of (ITI). 

The preparation of 3 : 3-dimethylcyclobutanone in quantity requires easy access to 
dimethylketen and diazomethane. Dimethylmalonic acid had been prepared on a con- 
siderable scale by the methylation of ethyl sodiomalonate with methyl sulphate in benzene 
solution when Bowden (J. Amer. Chem. Soc., 1938, 60, 131) indicated the general applic- 
ation of alkyl sulphates for the alkylation of reactive methylene groups in alcoholic solution. 
In the experimental section a procedure for the preparation in quantity of nitrosomethyl- 
urea from acetamide is described (cf. Briining, Ber., 1888, 21, 1809; Amnnalen, 1889, 258, 6). 
We have found this cheaper and more convenient than Arndt’s process (‘‘ Organic Syn- 
theses,” 15, p. 48) or that of Adamson and Kenner (J., 1937, 1551), the latter process, 
although economical, involving long and troublesome preparative work. 


EXPERIMENTAL. : 
1 : 3-Dibromo-2 : 2-dimethylpropane.—Crude 1: 3-dihydroxy-2 : 2-dimethylpropane (27 g.) 
(from isobutaldehyde, 25 g.), prepared as described by Wessely (loc. cit.), was refluxed with 
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acetic anhydride (100 c.c.) and pyridine (3 drops) for 3 hours. After being poured into water, 
the mixture was extracted with ether, and the extract washed with sodium carbonate solution, 
dried, and fractionated, giving the diacetyl derivative (45 g.), b. p. 100°/20 mm. 

The diacetate (12 g.) was heated with hydrogen bromide in acetic acid (30 c.c., 50% w/v) 
at 155—160° for 10 hours (below this temperature there is very little conversion and above 
considerable charring occurs). The product from 10 tubes was distilled in steam and on fraction- 
ation gave the dibromide (60 g.), b. p. 80—82°/26 mm., and slightly impure 1-bromo-3-acetoxy- 
2 : 2-dimethylpropane (20 g.), b. p. 85—95°/26 mm. (Found: Br, 42-5. C,H,,0,Br requires 
Br, 38-3%). The latter fraction was heated again with hydrogen bromide in acetic acid, giving 
finally an 85% yield of the dibromide. 

Condensation of 1: 3-Dibromo-2 : 2-dimethylpropane and Ethyl Potassiomalonate.—(i) The 
dibromide (5 g.) and ethyl malonate (3-5 g.) were added to potassium (1-7 g.) in ethyl alcohol 
(50 c.c.), and the mixture heated in a sealed tube for 36 hours at 130—140°. Water was added to 
the products of four similar experiments, and the oil extracted with ether and fractionated. The 
main product (6-5 g.) had b. p. 118—119°/20 mm. and consisted essentially of ethyl 3: 3- 
dimethylcyclobutane-1 : \-dicarboxylate (Found: C, 61:8; H, 8-8. Cy ,H,, O, requires C, 
63-2; H, 88%). The ester (19 g.) was refluxed for 3 hours with potassium hydroxide (20 g.) 
in methyl alcohol (100 c.c.), the alcohol removed on the water-bath, and the aqueous solution 
acidified and extracted with ether. After removal of the solvent, the residue was dissolved 
in a little water, and the solution saturated with hydrogen chloride. 3 : 3-Dimethylcyclo- 
butane-1 : 1-dicarboxylic acid crystallised in irregular plates, decomp. 162° (Found : C, 55-7; H, 
7-1. C,gH,,0, requires C, 55-8; H, 70%). After this acid had been heated for } hour at 180° 
to eliminate carbon dioxide, the resulting 3 : 3-dimethylcyclobutanecarboxylic acid was distilled, 
b. p. 204°/760 mm. (Found: C, 65-3; H, 9-3. C,H,,O, requires C, 65-5; H, 9-4%). The 
p-phenylphenacyl ester crystallised from dilute alcohol in plates, m. p. 92° (Found: C, 78-0; 
H, 6-9. C,,H,,O, requires C, 78°3; H, 6-8%). 

(ii) Potassium (7 g.) was dissolved in dry isobutyl alcohol (200 c.c.) and to the solution ethyl 
malonate (14 g.) and the dibromide (20 g.) were added. After 90 hours’ boiling, the solution 
was not quite neutral, but the ester was then hydrolysed by the addition of potassium hydroxide 
(20 g.) in alconol (100 c.c.) and digestion for 5 hours. The ethyl and isobutyl alcohols were 
removed in steam, and the aqueous solution concentrated, acidified, and extracted repeatedly 
with ether. On removal of the ether, the acid, which was partly crystalline, was heated at 180°, 
and the product fractionated, giving a little itsobutyric acid, followed by the cyclobutane acid 
(4-5 g.), b. p. 103—107°/15 mm. 

‘Methyl 1-Bromo-3 : 3-dimethylcyclobutane-1-carboxylate-—The acid (4:5 g.) and thionyl 
chloride (4-2 g.) were heated on the water-bath for } hour, bromine (6 g.) then slowly added, and 
the heating continued until bromination was complete. The product was poured into methyl 
alcohol (30 c.c.) and kept for 12 hours, and an ethereal solution of the ester poured on ice. 
Evaporation of the dried ethereal extract gave the bromo-ester, b. p. 82—83°/14 mm. (Found : 
Br, 35-8. C,H,,0,Br requires Br, 36-2%). 

In one experiment the bromo-ester was heated with diethylaniline for 8 hours, yielding 
methyl 3: 3-dimethylcyclobutanecarboxylate, b. p. 70—80°/30 mm., which was redistilled and 
the middle fraction analysed (Found: C, 68-0; H, 9-6. C,H,,O, requires‘C, 67-6; H, 9°8%). 
In a further experiment the bromo-ester was heated with methyl-alcoholic potassium hydroxide 
solution; the recovered acid was unsaturated, b. p. 125—135°/25 mm., and the undistilled 
residue partly solidified. 1-Hydroxy-3 : 3-dimethylcyclobutane-l-carboxylic acid crystallised 
from ligroin (b. p. 80—100°) in flat needles, m. p. 83° (Found: C, 58-2; H, 8-5. C,H,,0, 
requires C, 58-3; H, 8-3%). 

Dimethylmalonic A cid.—Sodium (23 g.) was finely powdered under xylene, which was decanted 
and dry benzene (500 c.c.) added, followed by ethyl malonate (160 g.). After 2 hours’ heating, 
methyl sulphate (130 g.) was cautiously added with shaking to the cooled mixture, and the 
heating then continued for 3 hours. Water was added, and the benzene separated, washed 
with aqueous ammonia (d 0-880) and dilute sulphuric acid, dried, and fractionated, giving 
ethyl methylmalonate (150 g.), b. p. 90—95°/18 mm. Ethyl dimethylmalonate (135 g.), b. p. 
90—96°/18 mm., was obtained by repeating the process. It was not found possible to prepare 
the disodium derivative in one operation, but the second quantity of sodium could be added 
after the boiling with methyl sulphate, the isolation of the monomethy] ester thus being avoided 
without serious diminution of the yield. Hydrolysis of the ester (135 g.) with methyl-alcoholic 
potassium hydroxide solution in the usual manner gave dimethylmalonic acid (68 g.), m. p. 190°. 

Nitrosomethylurea.—Aqueous sodium hydroxide (10%) was .added-slowly to acetamide 
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(100 g.) and bromine (45 c.c.) with shaking until the solution was permanently pale yellow, first 
with ice-cooling and then after heating on the water-bath. After the solution had been cooled, 
the acetylmethylurea, m. p. 179—180°, was collected; a further quantity was obtained by 
concentration of the filtrate (total yield, 75 g.). The acetate was hydrolysed by heating for 3 
hours with 8% hydrochloric acid (200 c.c.), the solution cooled in ice, and a saturated solution of 
sodium nitrite (37 g.) slowly added below the level of the liquid. The nitrosomethylurea (52 g.) 
was collected, washed with a small quantity of cold water, and dried in a vacuum. 

3 : 3-Dimethylcyclobutanone.—Dimethylketen (ca. 22 g., from dimethylmalonic acid, 60 g., 
prepared as described by Staudinger, Helv. Chim. Acta, 1925, 8, 306) in ether (200 c.c.) was cooled 
in a good freezing mixture, and diazomethane (from nitrosomethylurea, 150 g.) in ether slowly 
added until the solution remained permanently yellow. The ether was very slowly distilled 
through a Widmer column, and the residue fractionated at the ordinary pressure, giving (i) 5 g., 
b. p. up to 120°, (ii) 14 g., b. p. 120—130°, (iii) a residue (12 g.) which contained no nitrogen. 
If the keten is added to the diazomethane, the fraction (ii) is slightly less, but it can be increased 
by decomposing some pyrazolone present in the higher-boiling fraction by digestion with copper 
bronze. The semicarbazones from fractions (i) and (ii) were identical and after crystallisation 
from alcohol had m. p. 232°, raised to 234° by further crystallisation (Found: C, 54-6; H, 8-4. 
C,H,,ON; requires C, 54-2; H, 8-4%). 

The pure 3 : 3-dimethylcyclobutanone, which is not very soluble in water, was regenerated 
from the semicarbazone (10 g.) by steam-distillation with oxalic acid (20 g.); the distillate, after 
saturation with ammonium sulphate, was extracted with ether. Removal of the solvent 
gave an oil (5°5 g.) having a pleasant, somewhat camphoraceous odour; b. p. 122—124°/770 mm., 
d35: 0-8632, ni 1-4170 (Found: C, 73-6; H, 10-5. C,H, 9O requires C, 73-5; H, 10-2%). 

1-H ydroxy-3 : 3-dimethylcyclobutane-1-carboxylic Acid.—The ketone (1 g.), shaken with a 
saturated aqueous solution of sodium bisulphite, rapidly deposited a crystalline bisulphite 
compound. An aqueous solution of potassium cyanide was added, the resulting cyanohydrin 
extracted with ether, and the solvent removed. The residue was refluxed with ethyl-alcoholic 
hydrogen chloride (6 c.c.), ammonium chloride being quickly deposited; water was added, and 
the ester extracted with ether. After removal of the solvent, the hydroxy-ester (0-6 g.) was 
hydrolysed with methyl-alcoholic potassium hydroxide solution. The alcohol was evaporated ; 
the hydroxy-acid, isolated from the acidified solution in the usual manner, crystallised from 
ligroin (b. p. 80—100°) in flat needles, m. p. 83°, both alone and in admixture with the hydroxy- 
acid described on p. 1213 (Found: C, 57-9; H, 8-1%). 
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229. The Action of Nitric Acid on Derivatives of 
Coumarono(2’ : 3’ : 3: 2)indole. 
By S. R. Caw ey and S. G..P. PLANT. 


The N-acyl derivatives of coumarono(2’ : 3’ : 3: 2)indole (V) on nitration in acetic 
acid give addition compounds of the type (VI), or less probably (VII), as the main 
products with small amounts of substitution compounds, whereas the analogous but 
slightly more complex N-acyl derivatives of coumarono(2’ : 3’ : 1 : 2)-8-naphthindole 
(X) give exclusively nitro-substitution products. These addition compounds are not 
degraded to benzene derivatives by alkalis so smoothly as those from related simpler 
indoles. ; 


















Nitric acid combines additively at the 2 : 3-position with many 1-acyl-2 : 3-dialkylindoles, 
e.g., 1-benzoyl-2 : 3-dimethylindole, 9-benzoyltetrahydrocarbazole (I; » =2; R= Bz), 
and various 8-acyldihydropentindoles (I; » = 1; R = Ac, Bz, CO,Et) to give compounds 
analogous to (II) (Plant and Tomlinson, J., 1933, 955; Perkin and Plant, J., 1923, 123, 
676, 3242; Plant, J., 1929, 2493). In many instances these products have been shown to 
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undergo fission to comparatively simple benzene derivatives on treatment with alkali, as 
in the conversion of (II) into 3-o-benzamidobenzoylvaleric acid (III), but in all the cases so 


CH, 


Os Coe Qn 


NR CH, 
(I.) . (III.) 


far investigated the ring (if any) attached to the indole skeleton at the 2 : 3-position is 
carbocyclic in character. In view of the importance of compounds which have the indole 
nucleus fused to a heterocyclic system, as, e¢.g., in the carbolines, and of the possibility of 
using the above reactions for degrading them to identifiable derivatives, an investigation 
has been made of one of the more readily accessible systems of this type with an oxygen- 
containing ring. 

At first attempts were made to prepare the compound (IV) from the phenylhydrazone 
of tetrahydro-y-pyrone by Fischer’s reaction, but these were unsuccessful, as also were 
similar attempts made with the p-nitrophenylhydrazone. It was possible, however, to 
prepare coumarono(2’ : 3’: 3:2)indole (V) from coumaranone and phenylhydrazine, and 


CH 


2 O 
0 4 7’ > 
(IV.) | CH, (“ ; 5 
NH 


NH CH, 


this was converted into its l-acetyl, 1-benzoyl, 1-carbethoxy, and 1-cinnamoyl derivatives. 
All four acyl compounds on nitration in acetic acid solution readily gave as the main 
products colourless substances formed by addition of NO, and OAc, for which the two 
alternative formule (VI) and tis are possible. The acetylation of the hydroxyl group 


ee Ac, Bz, CO,Et, and CHPh: cH: CO) 


in this reaction is very unusual, but an analogous case exists in 5-chloro-8-cinnamoy Idi- 
hydropentindole (VIII), which gave both (IX; R = H) and (IX; R = Ac) on nitration 
(Massey and Plant, J.,.1931, 1990). 

In the earlier work it has been found that addition compounds are formed far less readily 
when the indole nucleus is contained in polycyclic systems containing four rings fused 
together (Oakeshott and Plant, J., 1928, 1840; Bryant and Plant, J., 1931, 93; Plant and 
Tomlinson, J., 1932, 2192), and the ready formation of the compounds now described is of 
special interest in this connexion, but all attempts to obtain crystalline substances from 
them by the action of alkali under various conditions have failed. Although there can be 
no doubt regarding the structure of the nitric acid addition compounds hitherto described, 
it is impossible to decide quite so definitely between the alternative structures (VI) and (VII) 
owing to the doubt which exists concerning the effect upon the double linkage of the attached 
oxygen atom. Nevertheless it isa significant fact that, as in the series previously studied, 
an addition product is not formed by the parent indole containing a free >NH group, but 
only by the N-acyl derivatives, and for this reason formula (VI) appears to be much the 
more probable. 

The acetyl-, benzoyl-, and cinnamoyl-coumarono(2’ : 3’ : 3: 2)indole also gave during 
the nitration process yellow products which are apparently mixtures of nitro-substitution 
compounds. In the case of the acetyl and benzoyl derivatives the quantities were in- 
sufficient for separation, but from the cinnamoyl compound a pure mononttro-derivative has 

4K 
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been isolated. The position of the nitro-group is not known, but the substance was found 
to be different from the 5-nitro-1-cinnamoylcoumarono(2’ : 3’ : 3: 2)indole synthesised from 
coumaranone-p-nitrophenylhydrazone by removal of ammonia and cinnamoylation. 


Cl H 
H, 


N H, 
CO: CH: CHPh CO: CH: CHPh 
(VIII.) (IX.) 


In order to investigate the possibility of obtaining analogous addition compounds from 
more complex systems of the same type, Fischer’s reaction has been applied to coumaranone- 
8-naphthylhydrazone and the coumarono(2’ : 3’ : 1 : 2)-8-naphthindole has been converted 
into its 3-acetyl and 3-benzoyl derivatives (X). Both these compounds on nitration gave 
almost quantitative yields of a single mononitro-substitution product, and it is clear that the 
course of the reaction with nitric acid is profoundly affected by the presence of the addi- 
tional benzene nucleus. The position of the nitro-group in these two substances is 
uncertain, but it must be the same in both cases, since the benzoyl compound was converted 
into the acetyl by hydrolysis and subsequent acetylation 


EXPERIMENTAL. 


Tetrahydro-y-pyrone.—The following conditions for the hydrogenation of y-pyrone were found 
to be far more satisfactory than those described by Borsche (Ber., 1915, 48, 682) and by Cornu- 
bert and Robinet (Bull. Soc. chim., 1933, 58, 565). y-Pyrone (11 g.) in methyl alcohol (75 c.c.) to 
which 2% palladised strontium carbonate (12 g.) had been added was shaken while hydrogen 
was passed in at room temperature under a pressure of 3atms. Reduction was complete in 15 
minutes and after filtration the tetrahydro-y-pyrone (8 g.) was isolated by fractional distillation. 
Its p-nitrophenylhydrazone separated in orange-brown needles, m. p. 186°, when the ketone 
(1-4 g.) and p-nitrophenylhydrazine (1-2 g.) were mixed in boiling alcohol (5 c.c.) and the solution 
allowed to cool (Found: C, 56-4; H, 5-7. C,,H,;0,N, requires C, 56-2; H, 5-5%). 

Coumarono(2’ : 3’ : 3: 2)indole and its 1-Acyl Derivatives —When a mixture of coumaranone 
(2-8 g., prepared by the method of Fries and Pfaffendorf, Ber., 1910, 483, 212) and phenylhydra- 
zine (2-2 g.) had been heated at 120° until almost all the water from the formation of the hydra- 
zone had boiled away, it suddenly effervesced with the evolution of ammonia. The product was 
immediately cooled, dissolved in boiling alcohol (10 c.c.), treated while hot with a mixture of 
concentrated hydrochloric acid (2 c.c.) and alcohol (3 c.c.), quickly shaken, and then kept for 
several hours. The coumarono(2’ : 3’ : 3 : 2)indole (2-2 g.) which separated was partly purified by 
dissolution in an excess of hot glacial acetic acid and recovery from the cooled filtered solution by 
dilution with water; it was then suitable for conversion into its acyl derivatives. It crystallised 
from alcohol in colourless plates, m. p. 197° (Found: C, 81-1; H, 4-5. C,,H,ON requires C, 81-2; 
H, 43%). 

After acetyl chloride (1-8 c.c.) had been gradually added to a solution of this indole (0-7 g.) in 
warm acetone (25 c.c.) containing potassium hydroxide (0-7 g., dissolved in a few drops of water), 
and the mixture well shaken for a few minutes, the addition of water precipitated 1-acetylcou- 
marono(2’ : 3’: 3: 2)indole (0-6 g.), which formed colourless needles, m. p. 156°, from alcohol 
(Found: C, 77-2; H, 4-5. C,,H,,O,N requires C, 77-1; H, 4.4%). When the acetyl compound 
was refluxed for an hour with aqueous-alcoholic potassium hydroxide and the solution left to cool, 
coumarono(2’ : 3’: 3: 2)indole, identified by mixed m. p., separated. 1-Benzoylcoumarono- 
(2°: 3':3: 2)indole, colourless prisms, m. p. 177°, from glacial acetic acid (Found: N, 4-6. 
C,,H,,0,N requires N, 4-5%), ethyl coumayono(2’ : 3’: 3: 2)indole-1-carboxylate, yellowish- 
brown needles, m. p. 95°, from alcohol (Found : N, 5-0. C,,H,,;0,;N requires N, 5-0%), and 
1-cinnamoylcoumarono(2’ : 3’ : 3 : 2)indole, yellow needles, m. p. 108—112°, from alcohol (Found : 
N, 4:0. ©,,;H,,0,N requires N, 4-2%), were prepared similarly in good yields with the aid of 
benzoyl chloride, ethyl chloroformate, and cinnamoy] chloride respectively. 

- Nitration. of the 1-Acylcoumarono(2’ : 3’: 3: 2)indoles.—(a) Acetyl derivative. When a 
suspension of the acetyl compound (0-85 g.) in glacial acetic acid (10 c.c.) was treated with nitric 
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acid (0°34 g., d 1-42, in a little acetic acid) and the whole warmed to 60°, a clear solution resulted, 
from which a small quantity of a feathery lemon-yellow solid separated on cooling and standing 
for a few hours. After this product, m. p. 205—230°, which could not be purified and was 
probably a mixture of nitro-derivatives, had been removed by filtration, the solution was con- 
centrated to small bulk under reduced pressure at 70° and left for a few hours; 3(or 2)-nitro- 
2(or 3)-acetoxy-1-acetyl-2 : 3-dihydrocoumarono(2’ : 3’ : 3 : 2)indole (0-2 g.), colourless prisms, m. p. 
142°, from glacial acetic acid, separated (Found: C, 61-3; H, 4-0; N, 8-0. C,,H,,O,N, requires 
C, 61:0; H, 4:0; N, 7-9%). 5 

(b) Benzoyl derivative. The reaction was carried out as above, but the mixture was warmed 
to 80° before complete solution occurred. On cooling, a small quantity of a feathery yellow 
product again separated, but the 3(or 2)-nitro-2(or 3)-acetoxy-1-benzoyl-2 : 3-dihydrocoumarono- 
(2’ : 3’: &: 2)indole, colourless prisms, m. p. 185°, from aqueous acetic acid, remained in super- 
saturated solution and was obtained by filtration and rubbing (Found: C, 66-4; H, 4-0; N, 6-3. 
C,3H,,0,N, requires C, 66-3; H, 3-8; N, 6-7%). 

(c) Carbethoxy derivative. The procedure was similar to that used for the acetyl compound, 
but no yellow substitution product was obtained on this occasion. The ethyl 3(or 2)-nitro- 
2(or 3)-acetoxy-2 : 3-dihydrocoumarono(2’ : 3’ : 3: 2)indole-1-carboxylate, which separated from 
the solution, after being concentrated at 70°, in colourless plates, m. p. 120°, was washed with a 
very small quantity of ether (Found: N, 7-3. C,,H,,.0,N, requires N, 7-°3%). It was too soluble 
in alcohol and acetic acid for satisfactory recrystallisation. 

(d) Cinnamoyl derivative. The nitration was carried out as before, the temperature being 
raised to 90°, and, after the solution had been cooled, a yellow product separated, which gave a 
mononitro-1-cinnamoylcoumarono(2’ : 3’: 3: 2)indole as yellow needles, m. p. 243—247°, on 
recrystallisation from benzene (Found: N, 7-6. (C,3;H,,0O,N, requires N, 7-3%). When the 
acetic acid filtrate was then concentrated at 70° under reduced pressure, it yielded, as the main 
product of the reaction, 3(or 2)-nitro-2(or 3)-acetoxy-1l-cinnamoyl-2 : 3-dihydrocoumarono- 
(2’ : 3°: 3: 2)indole, which formed colourless plates, m. p. 157—159°, from alcohol (Found: N, 
6-3. C,;H,,0,N, requires N, 6-3%). 

5-Nitro - 1 - cinnamoylcoumarono(2’ : 3’ : 3 : 2)indole.—Coumaranone - p - nitrophenylhydrazone 
(0-7 g.) separated in red needles, m. p. 192—194°, when solutions of coumaranone (0-5 g.) and 
p-nitrophenylhydrazine (0-6 g.) in aqueous acetic acid (67%) were mixed and left for a few hours 
(Found: N, 15-7. C,,H,,0O,N; requires N, 15-6%). By refluxing for $ hour with hydrochloric 
acid (22%), it was converted into 5-nitrocoumarono(2’ : 3’ : 3: 2)indole, which formed feathery 
brownish-yellow needles, m. p. 270—275°, from alcohol (Found: N, 11-3. C,,H,O;N, requires 
N, 11-1%). When the latter was cinnamoylated by a process similar to that used for coumarono- 
(2’: 3':3:2)indole itself, 5-nitro-1-cinnamoylcoumarono(2’ : 3’: 3:2)indole, lemon-yellow 
needles, m. p. 220°, from benzene, was obtained (Found: N, 7-2%). 

The m-nitrophenylhydrazone, red needles, m. p. 168—169° (Found: N, 15-3%), and o-nitro- 
phenylhydrazone, red needles, m. p. 179—181° (Found: N, 15-5%), of coumaranone were 
similarly prepared, but attempts to convert them into the corresponding indoles were 
unsuccessful. 

Nitration of 3-Acetyl- and 3-Benzoyl-coumarono(2’ : 3’ : 1 : 2)-8-naphthindole—Coumaranone 
(2 g.) and @-naphthylhydrazine (2-4 g.) were heated together at about 130° until evolution of 
ammonia had ceased. The product was dissolved in boiling alcohol (25 c.c.) containing concen- 
trated hydrochloric acid (2 c.c.) and the coumarono(2’ : 3’ : 1 : 2)-8-naphthindole which separated 
on cooling was purified somewhat by dissolution in hot glacial acetic acid and precipitation by the 
addition of water. This solid (1-5 g.) in acetone (45 c.c.) containing potassium hydroxide (3 g. in 
a little water) was well shaken with acetyl] chloride (6 c.c.), and the crystalline precipitate was 
collected and washed successively with acetone and water. The 3-acetylcoumarono(2’ : 3’ : 1: 2)- 
8-naphthindole so obtained crystallised from alcohol in colourless needles, m. p. 169° (Found: N, 
4:8. (C, ,H,,0,N requires N, 4-7%). When this acetyl compound (0-5 g.) was heated gradually 
to 70° in glacial acetic acid (10 c.c.) containing nitric acid (0-17 g., d 1-42), a mononitro-3-acetyl- 
coumarono(2’ : 3’ : 1 : 2)-8-naphthindole separated in almost theoretical yield as a red flocculent 
solid. On recrystallisation from glacial acetic acid it was obtained in red needles, m. p. 234— 
236° (Found: C, 69-7; H, 3-5. C.9H,,O,N, requires C, 69-8; H, 3-5%). | 

3-Benzoylcoumarono(2’ : 3’ : 1 : 2)-8-naphthindole, pale yellow needles, m. p. 201°, from 
alcohol (Found : N, 3-9. C,;H,,;0O,N requires N, 3-9%), was prepared similatly with the aid of 
benzoyl chloride, and on nitration as above gave a mononitro-derivative, orange-yellow needles, 
m. p. 241—242°, from glacial acetic acid, in very good yield (Found: C, 73-8; H, 3-6. 
C,;H,,O,N, requires C, 73-9; H, 3-4%). The latter was refluxed for an hour with aqueous- 
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alcoholic potassium hydroxide and the product obtained by the addition of dilute hydrochloric 
acid was acetylated by shaking in acetone as before with alkali and acetyl chloride. The-mono- 
nitro-3-acetylcoumarono(2’ : 3’ : 1 : 2)-8-naphthindole so obtained separated from glacial acetic 
acid in red needles, m. p. 233—235°, and was shown by a mixed m. p. to be identical with the 
substance described above. 


Tue Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 6th, 1938.] 





230. Mercury Derivatives of Symmetrical Dichloroethylene. 
By MAuvrIcE FitTZzGIBBon. 


Optimum conditions are defined for the general reaction. between unsaturated 
halogenated hydrocarbons having at least one remaining hydrogen atom and alkaline 
mercuric cyanide solution. 

The reaction between s-dichloroethylene and mercuric cyanide has been rein- 
vestigated, and it is shown that the two stereoisomeric forms of the chloro-hydrocarbon 
react differently under identical conditions, a phenomenon apparently not hitherto 
recorded. 

A new compound, mercury bisdichloroethylenide, and derivatives have been prepared. 
Complex products accompany its formation. 

The properties of mercury bischloroacetylide are found to differ from those 
recorded in the literature. 


DuRING a search for organo-mercury compounds suitable as fungicides for the treat- 
ment of seeds, it was decided to investigate the potentialities of halogen-substituted ethylene 
derivatives. The only compounds of the desired constitution recorded in the literature 
are the bistrihalogenoethylenides of mercury (Hofmann and Kirmreuther, Ber., 1908, 
41, 314; 1909, 42, 4234; Imperial Chemical Industries, B.P. 427,979). By suitable modi- 
fication of reaction conditions, it was thought possible that a mercurated dichloroethylene 
might be obtained, instead of mercury chloroacetylide as reported by Hofmann and 
Kirmreuther. It was found that the envisaged compound could readily be prepared, 
but only from ¢rans-dichloroethylene, the cis-isomer reacting with mercury in alkaline 
cyanide solution in a totally different manner, yielding only mercury bischloroacetylide. 
Hofmann and Kirmreuther do not mention this remarkable reaction of the trans-isomer, 
although they describe fully the preparation of the chloroacetylene derivative of mercury. 
This difference in the reaction of the two isomers of dichloroethylene furnishes a good 
example of évans-elimination (see Garner, Chem. News, .1919, 119, 16). Michael (J. pr. 
Chem., 1895, 52, 307) observed that chlorofumaric acid loses hydrogen chloride some 
50 times as rapidly as does the corresponding (cis) chloromaleic acid. In the example under 
consideration there is slight evidence of cis-elimination. The reactions may be expressed 
as follows : 


Clioe—ceH Alkali (CHCL:CCl),Hg, together with more complex’ derivatives, ¢.g., 
HO KCI ines * (CHCLCCEHe-CCh), ; 


trans-. 


Alkali A 
cee > (CCHC)_He 
cts-. 
(as.-Dichloroethylene, CCl,:CH,, does not yield a mercury derivative.) 

It is seen that ‘the cis-isomer, with mercuric cyanide in alkaline solution, loses both 
chlorine and hydrogen, yielding a chloroacetylene compound, whereas the é¢vans-form 
gives a C-Hg link by the loss of a hydrogen atom only. This behaviour, which is 
analogous to that shown by trichloroethylene under identical conditions, can extend to 
the removal of a further hydrogen atom, with the formation of a chain compound of the 
type CHCI:CCl-[Hg-CCI:CCl],"H, the solubility in the usual organic solvents decreasing 
rapidly with increasing complexity. The ultimate product may be formed by ring closure, 
the terminal carbon atoms becoming attached to the same mercury atom. 
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The reaction in the case of cis-dichloroethylene is determined by the concentration of the 
alkali, which decreases owing to formation of sodium chloride, but with the ¢rans-isomer 
it is independent of the alkali concentration above a certain minimum. In both cases the 
velocity of reaction is very slow in dilute solutions. It may be concluded, from the experi- 
mental data given herein, that in all mercurations involving the use of alkaline solutions of 
mercuric cyanide, the cyanogen radical functions catalytically, and a mere trace is sufficient 
to enable mercuration to proceed. The probable mode of interaction may be represented 


graphically thus : 
Hg(CN), 


_ CHCL:CHC] ——*> CHCI-CHCI 
HgCN CN 


Fee 
CN-Hg°CCL-CHCl + HCN CN:Hg:C:CCl + HCl + HCN 


Two molecules of each of these hypothetical intermediate products then react with elimina- 
tion of mercuric cyanide, yielding respectively (CHCI°CCl),Hg and (CCI:C),Hg. 

It is obvious from the experimental results that optimum conditions for the prepara- 
tion of organo-mercury compounds by the alkaline mercuric cyanide reaction involve the 
employment of sodium ethoxide instead of aqueous solutions as stated in the literature. 
Finally, certain published results, ¢.g., those of Hofmann and Kirmreuther on the m. p. 
and explosive properties of mercury bischloroacetylide, are not confirmed. 


EXPERIMENTAL, 


Comparison of the Reactions of cis- and trans-Dichloroethylenes under Identical Conditions 
with Alkaline Solutions of Mercuric Cyanide.—The dichloroethylenes were the standard grades 
produced by Imperial Chemical Industries Ltd. Both samples were fractionally distilled and 
the fractions of b. p. 59° and 47-5° were collected and regarded as the pure cis- and trans- 
isomer respectively. 

Preparation of Mercury Bischloroacetylide and Bisdichloroethylenide.—On account of the 
dangerously explosive nature of the former compound, it is advisable to carry out the pre- 
paration in aqueous solution; large-scale operations should not be attempted, since traces of 
impurities, probably alkali cyanide chiefly, may cause the dry substance to detonate violently 
(see below). The following experiment was conducted with aqueous solutions in order to follow 
visually the different behaviour of the two isomers; with sodium ethoxide in alcohol the 
turbidity of the mixture was such that no striking difference could be observed although the 
reaction was completed in a twentieth of the time. 

Precipitated mercuric oxide (200 g.) was dissolved in an aqueous solution of sodium cyanide 
(100 g. in 250 ml. of water), 40 g. of sodium hydroxide in 100 ml. of water were added, and 
the whole was filtered. through asbestos. The clear alkaline mercuric cyanide solution was 
diluted so as to contain 17-20% of mercury (by wt.). To 450 g. of this solution in each of two 
identical glass-stoppered bottles, were added 100 g. severally of cis- and trans-dichloroethylene. 
Continuous shaking was necessary to keep the mixtures emulsified. Within 30 mins., the 
cis-dichloroethylene commenced to show signs of reaction; the emulsion “ broke ” less readily 
and white glistening crystals formed at the interfaces; after 3 hours, a considerable quantity 
of crystals had formed, and in 24 hours there was a mass of crystals and unchanged dichloro- 
ethylene. The érans-isomer only began to show signs of reaction after 3 hours, and in 24 hours 
it had yielded a light grey, pasty mixture, rather flocculent and inclined to agglomerate upon 
shaking. After a further 24 hours’ standing, the liquids were filtered and their mercury con- 
tents determined as 11-28 and 12-70% respectively. The residues, washed with water until 
free from alkali’, and air-dried, weighed 43-7 and 51-0 g. respectively. The product from the 
cis-isomer formed white, shining plates of characteristic acetylene-like odour; and that from 
the trans-isomer was a light grey, rather pasty mass of pungent odour, very irritating when 
heated. The alkalinity in the former case had fallen from 11-20 to 8-60% (as NaOH), and 
in the latter to 11-0%. 

Ether extraction (Soxhlet) afforded the undermentioned fractions : 

Wt. extracted, g. (1) Very sol., g. (2) Mod. sol., g. (3) Insol., g. 
i 0-2 


43-0 nil 42-8 
° 11-2 12-2 24-7 





1220 FitzGibbon : 


The first product was homogeneous, and three samples taken at different periods during the 
extraction contained Hg, 63-03, 63-0, and 62-98%. - The crude substance contained Hg, 63-60%. 
There is no doubt that this compound is mercury bischloroacetylide (CCl:C),Hg, which was 
prepared in a similar manner by Hofmann and Kirmreuther. These workers, however, 
state that it melts at 185°, but explosion occurred well below that temperature, i.e., at 174— 
175°, the substance being immersed in a bath pre-heated at 170°. Prolonged heating at 160° 
caused slow decomposition with formation of carbon. On one occasion the compound detonated 
so violently as to rock the m. p. apparatus and smash the thermometer bulb. 

Mercury bischloroacetylide is moderately soluble in hot ether but only sparingly so in 
cold. It is soluble to various extents in all the usual organic solvents. Concentrated hydro- 
chloric acid rapidly decomposes it with liberation of spontaneously inflammable chloroacetylene. 
If a small quantity of fairly concentrated hydrochloric acid is added to some of the mercurial 
in a tall beaker, and the mixture gently warmed, a crackling sound is audible, accompanied 
sometimes by small flashes of light, and ozone is evolved. From the very rapid oxidation of 
lead sulphide papers it would appear that considerable quantities of ozone are formed by the 
slow oxidation of chloroacetylene—a phenomenon not previously recorded. The formation of 
traces of a highly unstable ozonide might account for the dangerously explosive nature of the 
crude, unextracted compound: about 30 g. of the crude crystals in a small bottle were left 
untouched upon a shelf, the back of which consisted of a §”” wooden partition, and about 60 
hours later a violent explosion occurred; the partition immediately behind the bottle was 
shattered, and the shelf itself, a 5’’ x 4’’ beam, was indented to a depth of }’’ with the imprint 
of the bottom of the bottle. Jars and tins, some weighing over 1 lb., which were within 3 
feet of the spot were scattered. 

The pure substance appears to be stable: 1 g. in a glass-wool-plugged test-tube shows no 
alteration after 6 months’ standing. Kept under alcohol, mercury bischloroacetylide undergoes 
slow decomposition, which becomes more rapid after several weeks’ standing and is complete at 
the end of 3 months. This reaction has not been further studied, but chloroacetic acid appears 
to be one of the products, and is present chiefly as the ethyl ester. The mercury is present both 
in the inorganic state and as an insoluble organo-compound, possibly a mercurated acetic acid. 

Identification of the reaction products of trans-dichloroethylene. The ether extraction results 
showed that at least three different compounds had been produced. The oily, not readily 
crystallisable derivative was purified by steam-distillation, followed by crystallisation from 
alcohol. The residue from steam-distillation contained a small quantity of coloured non- 
volatile matter, which was rejected; the purified derivative, which had solidified in the 
condenser, was removed on gentle heating. 

Mercury bisdichloroethylenide formed rhombohedra, m. p. 50 3° [Found: C, 12-3;* H, 0-7;* 
Cl, 35-9;* Hg, 51-2. (C,HCl,),Hg requires C, 12-2; H, 0-5; Cl, 36-2; Hg, 51-:1%]. It was 
very soluble in chloroform, ether, and acetone, insoluble in water. Boiling concentrated hydro- 
chloric acid decomposed it, yielding mercuric chloride and dichloroethylene, and hot aqueous 
sodium sulphide similarly gave mercuric sulphide. The above composition was confirmed by 
treating the compound with excess of iodine in hot chloroform and titrating the excess with 
thiosulphate: 1 mol. required 504, 506 g. of iodine [Calc. for Hg(C,HCl,), + 21, = Hgl, + 
C,Cl,I, + 2HCl: 508 g.). 

Mercury bisdichloroethylenide was heated with mercuric chloride in alcoholic solution, and 
the mixture steam-distilled, yielding white crystals of chloromercury dichloroethylenide (Found : 
C, 7-5;* H, 0-4;* Cl, 31-8;* Hg, 60-75. C,HCl,Hg requires C, 7-2; H, 0-3; Cl, 32-1; Hg, 
60-4%). Recrystallisation from perchloroethylene, in which it was sparingly soluble in the 
cold, afforded long, silky, white fibrous needles, m. p. 80-6°, slightly soluble in water, readily 
sc in alcohol. Dilute mineral acids were without action upon the compound, but hot con- 
centrated hydrochloric acid effected quantitative decomposition into dichloroethylene and 
mercuric chloride. Solutions of strong bases converted it into an insoluble white amorphous 
substance. Hot aqueous sodium sulphide quantitatively decomposed the crystals into 
mercuric sulphide and dichloroethylene. 

The preparation of this derivative is analogous to that of hydrocarbon mercury halides from 
mercury dihydrocarbons and mercuric halides, whence it is reasonable to conclude that it 
is dichloroethylene mercury chloride, and this was confirmed by its reaction with ‘iodine : 
1 g.-mol. required 250, 256 g. (Calc.: 254 g.). 

The iodide, CHCI:CCl‘HgI, was obtained as white micro-crystalline plates, m. p. 115° 


* Microanalyses by Dr. G. Weiler, Oxford. 
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(decomp. 125°), by addition of potassium iodide to an aqueous solution of the chloride, but it 
could not be recrystallised owing to its decomposition into iodine and mercuric iodide. 

Examination of the less soluble ether extraction fraction (2) and the insoluble residue 
(p. 1219) indicated that a close relationship existed between all three obviously different substances. 
Fraction (2) did not melt even at 185°, although it became pasty and discoloured, and the in- 
soluble residue blackened at 192° but did not melt. Both compounds burned slowly with a 
pale green flame or glow, emitting clouds of irritating fume and mercury vapour. Both sub- 
stances were heated in an inert atmosphere to about 200°, and the resulting blackened masses 
steam-distilled; a mixture of mercury bisdichloroethylenide and dichloroethylenemercuric 
chloride was obtained in each case, the better yield being from fraction (2), and the residues 
consisted of carbon, unchanged compound, and some inorganic mercury. 

These complex mercurials could not be thoroughly examined, but consideration of their re- 
actions with sodium sulphide and the fact that mercury bisdichloroethylenide in the presence 
of alkali and mercuric cyanide yielded identical products, suggest that they are formed by 
lengthening of the chain by loss of one of the terminal hydrogen atoms and formation of an 
additional C-Hg linkage. The residue after 4 days’ ether extraction yielded very little mer- 
cury bisdichloroethylenide after heating and subsequent steam-distillation. Upon analysis, 
fraction (2) contained Hg, 59-2% (C,H,Cl,Hg, requires Hg, 58-2%), and the residue Hg, 
63-0% (C,H,Cl,Hg, requires Hg, 61-2%). An attempt to determine the percentage of di- 
chloroethylene liberated upon heating the compounds with sodium sulphide was carried out 
in a Tate and Warren moisture-determination apparatus, the volume of liberated dichloro- 
- ethylene being read off directly in the collecting tube. The simpler compound gave C,H,Cl,, 
38-1 (Calc. : 42-3%), and the more complex gave C,H,Cl,, 34-9 (Calc. : 39-4%). It is obvious 
that with increasing chain length the percentage of mercury will show only a relatively small 
increase, and the quantity of mercury bisdichloroethylenide obtained after pyrolysis and 
steam-distillation will very rapidly fall until only traces are detectable. The completely ether- 
insoluble portion of the residue yielded chiefly carbon and inorganic mercury and mercuric 
chloride when heated. 

The best yields of the compounds described are obtained as follows : 

10 G. of sodium are dissolved in 250 ml. of 95% alcohol (distilled methylated spirit) with 
suitable cooling, and the solution is added with shaking to 50 g. of yellow mercuric oxide 
and 2 g. of mercuric cyanide in a flask; then 75 g. of trans-dichloroethylene are added and the 
mixture is heated in a bath at 40° under a reflux condenser. The yellow mass becomes almost 
white at the end of 1 hour, and the reaction is complete after a further $ hour’s warming. 
The mixture is poured on a Buchner filter, and the residue washed with warm alcohol until the 
filtrate runs almost free from alkali. The yield of dry polymercurated dichloroethylenes is 
about 58 g. The filtrate, after addition of sufficient hydrochloric acid to neutralise the alkali 
and removal of the sodium chloride precipitated, is steam-distilled, and as soon as the greater 
part of the alcohol has been removed, mercury bisdichloroethylenide collects in the condenser. 
The white solid can readily be removed by allowing the water in the condenser to warm to about 
50°. The yield of crude product should be 16 g., and a further 2—3 g. may be recovered 
from the alcoholic first runnings after dilution with water and steam-distillation. The crude 
dichloroethylenide is best purified by seer yetemnation from absolute alcohol, separating in 
excellent crystals, m. p. 50-3° (sharp). 

Preparation of Dichloroethylenemercury Chloride.—4 G. of the bisdichloroethylenide are 
heated in alcohol with 3 g. of mercuric chloride for 10 minutes at 70°, and the solution steam- 
distilled. The white solid which collects in the condenser is removed by allowing the water 
to become warm. The crude product is dissolved in 20 ml. of perchloroethylene at 90°, and on 
cooling, the complex chloride crystallises in long, fibrous needles, m. p. 85-6°; yield ca. 4 g. 
From the steam-distillation condensate, the corresponding iodide may be obtained by addition 
of a solution of potassium iodide. The white precipitate is filtered off, washed with cold 
water, and dried in a desiccator. 

Preparation of Mercury Bistrichloroethylenide (cf. B.P. 427 979) .—10 G. of sodium are 
dissolved in 200 ml. of alcohol in a long-necked flask, 50 g. of yellow mercuric oxide added, 
followed by 2 g. of potassium cyanide dissolved in 2 ml. of warm water. The flask is then 
immersed in water at 40°, and 50 g. of trichloroethylene added with agitation. The temperature 
must be kept below 60° in order to avoid formation of monochloroacetylene and its mercury 
derivative. Reaction is complete in about an hour, and the crude trichloroethylenide is 
Separated by addition of water and filtration; it may be crystallised from alcohol, m. p. 141° 
(yield 83 g., over 90% calculated upon trichloroethylene). ; 
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231. Chemical Constitution and the Dissociation Constants of 
Monocarboxylic Acids. Part X. Saturated Aliphatic Acids. 


By J. F. J. Drepy. 


The thermodynamic dissociation constants of ten saturated aliphatic acids have 
been accurately determined. These acids consist of the m-series extending from 
n-butyric to m-nonoic acid, and the branched-chain isobutyric, diethylacetic, iso- 
valeric, and trimethylacetic acids. The constants recorded hitherto had been (with 
one exception) the result of less dependable work and were expressed in classical 
terms; consequently, there was serious lack of agreement and doubt existed as to 
the order of strengths. It is now found that the dissociation constants of the n-acids 
(excluding »-butyric acid) tend to fall as the series is ascended, which is in accordance 
with expectation. Methylethylacetic, diethylacetic, and isovaleric acids are compar- 
able with n-butyric acid, however, in possessing abnormally high strengths; this 
phenomenon is discussed. isoButyric acid does not differ from propionic acid in 
strength despite the marked fall in trimethylacetic acid; this observation may be 
related to the anomalous order found in the p-alkylbenzoic acids (J., 1937, 1774). 


IMPORTANCE can be attached to relatively small differences in the dissociation constants 
of acids only if the available values are thoroughly reliable and strictly comparable. 
Accurate knowledge of the strengths of saturated aliphatic monobasic acids has hitherto 
‘been confined to acetic, propionic, and m-butyric acids. A number of earlier investigators 
published classical constants, determined conductometrically, for the m-series as far as 
n-octoic acid, but these figures were mostly conflicting (see Table IV), and no theoretical 
conclusions could safely be based on the evidence. Moreover, as this series is ascended 
the solubility in water diminishes rapidly, and measurements on two given acids might 
involve series of solutions differing widely in concentration, thus rendering invalid a 
comparison of K,j4., Values. 

Attention has been drawn to the possibility that differing heat capacity and entropy 
effects might have a significant influence upon the apparent relative strengths of acids 
(Hammett, J. Chem. Physics, 1936, 4,613; Baker, J., 1937, 1775), but the author’s answer 
to this objection (ibid., p. 1776) justifies the actual use made here of dissociation constants 
in theoretical organic discussion. The criticism may actually be put to test. It is 
recognised that these imputed complications are reflected in the data for acetic, propionic, 
and u-butyric acids, and yet the relative order is indisputable, no matter whether the values 
relate to a fixed temperature or to 6 (temperature of maximum K, i.e., K,,; see Harned 
and Embree, J. Amer. Chem. Soc., 1934, 56, 1050), as will be seen from the following 
dissociation constants (Harned and Ellers, zbid., 1933, 55, 652, 2379; Harned and Suther- 
land, 1bid., 1934, 56, 2039). 

Ki. Kas. Kw 

1-754 1-76 

Propionic ° 1-336 1-34 
1-515 1-57 

The mean thermodynamic dissociation constants (10°Kip..,.) obtained in the present 
investigation are contained in Table I, and those for m-acids are shown graphically in the 
figure. The constants for acetic and propionic acids, due to Dippy and Williams (J., 
1934, 1888) and Harned and Ehlers (loc. cit.), respectively, are also included. Measure- 
ments on acids higher than m-nonoic acid cannot be made in water because of their 
negligibly small solubilities. 
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TABLE I. 


Acetic acid ' ay f ; ; 
ct . isoButyric acid n-Hexoic acid 
Propionic acid ‘ Trimethylacetic acid... 0-891 ee 9 
n- i 
n-Butyric acid . {isoValeric acid . =-iandinwae 
: \ Diethylacetic acid 
n-Valeric acid 


The order, acetic >n-butyric> propionic, was already known, and now it can also be 
said that the constants of the higher m-acids fall in gradual sequence to m-octoic acid, 
although in nonoic acid a marked further decrease is observed; the low constant obtained 
for this acid is confirmed by Franke (Z. physikal. Chem., 1895, 16, 477), who records 1-12.* 

Except for -butyric and m-nonoic acids, 
it is seen that extension of the alkyl group Acetic 
has a distinct effect which increases very 
gradually with growth of the chain, and this “7 
is in harmony with our present knowledge 
of the inductive effect (+ J) of alkyl in such 
combination (e.g., Kharasch and Flenner, 
J. Amer. Chem. Soc., 1932, 54, 674). Evans 
and Gordon (private communication), in a 
study of alkaline hydrolysis of the esters of 
the present acids, also find that the energies 
of activation rise with lengthening of the 
chain, as necessitated by an _ increasing 
inductive effect. 

It would appear on this evidence that 
n-butyric acid has an unexpectedly high dis- + 
sociation constant. This has already been 
pointed out by Bennett and Mosses (J., 1930, 

2364), who contrast this acid with propionic acid on the one hand and heptoic acid on the 
other; reference to -valeric acid in place of the latter acid may now confidently be made, 
so increasing the validity of the observation. These authors suggest that in »-butyric 
acid, as also in o-toluic acid, the diffuse positive outer field, which they associate with 
methyl, directly affects carboxyl in such a way as to facilitate ionisation. In both systems 
the methyl and carboxyl groups are taken to be in close proximity in space, although in 
the fatty acid, approach of the groups is intermittent on account of rotation of the chain, 
and consequently enhancement of strength is less marked. A somewhat different inter- 
pretation of the abnormal strength of o-toluic acid has been advanced by Dippy, Evans, 
Gordon, Lewis, and Watson (J., 1937, 1421; cf. Baker, this vol., p. 445), and an explan- 
ation of the strength of -butyric acid along similar lines may be suggested. On this 
view, high acid strength may be attributed to the reluctance of the anion to recombine 
with hydrion in the reverse reaction of the ionisation equilibrium, as a result of a process 

of the annexed type. The electronic rearrangement suggested in the 
a o-toluic system is, of course, impossible in the aliphatic acid, so that 
7’ the suggestion is more tentative here; nevertheless, it must be borne 
CH.—CH.—Ht i mind that the oxygen which associates itself with hydrogen actually 

° . bears a negative charge. The possibility of steric hindrance of the 
geometrical type cannot, of course, be excluded, but it is rendered less likely by the 
absence of abnormality in $-phenylpropionic acid (see phenyl-substituted acids, J., 
1937, 1008). 

In connexion with the foregoing anomaly of n-butyric acid, it should be noted that 
Harned and Sutherland (loc. cit.) find a maximum dissociation constant at 8°, whereas 
for acetic and propionic acid 0 lies between 20° and 25°, as indeed do the values of 8 for 
the other organic acids (K, 10-5 to 10~*) so far studied. Thus it becomes evident again 


* Classical constants from the literature are employed merely as confirmatory evidence, and are 
distinguished by italics. All constants, thermodynamic and classical, are in terms of 10°K. 
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that u-butyric acid is inconsistent, and. that some influence, not common: to the other 
acids, is profoundly affecting the heat of ionisation of this acid. Examination of other 
physical properties, e.g., molecular volume, does not reveal any unusual behaviour on the 
part of -butyric acid, and this is to be expected if the foregoing explanation is correct, 
involving, as it does, a disturbance affecting the anion. 

Since isovaleric and diethylacetic acids also possess a 3-carbon alkyl chain, their dis- 
sociation constants should also be unusually high (cf. Bennett and Mosses, loc. cit.); the 
results in Table I fulfil this expectation (compare also Billizer’s value of 1-68 for methyl- 
ethylacetic acid; Monatsh., 1899, 20, 666). On the basis of inductive effects alone, the 
order of strengths should be u-butyric>isovaleric>diethylacetic acid, whereas the converse 
is true. Chain-branching might account for this order, if the suggested chelation occurs, 
in view of the more frequent approach of the terminal groups to carboxy] in these cases. 

The operation of the foregoing effect cannot be traced in the available data for the 
unsaturated aliphatic acids (Ives, Linstead, and Riley, J., 1933, 561), doubtless because 
here it will be masked by the additional polar factors introduced by the vinyl group which 
are very potent (cf. Dippy and Lewis, J., 1937, 1008). 

It might be contended that examination of the figure indicates that, if propionic acid 
is excluded, the remaining acids show a gradual fall of K from acetic acid onwards. It is 
not possible to see, however, what factor interferes solely in propionic acid; even the 
marked effect which Baker and Nathan (J., 1935, 1844) associate with alkylation of methyl 
in a conjugate system is more likely to produce the order acetic<propionic. One cannot 
escape the conclusion, therefore, that the abnormal member of the homologous series is 
n-butyric acid. Further, if it is considered that hydrogen of methylene (y-position) is 
also capable of participating in a chelation process, and this assumption is certainly per- 
missible (cf. Evans, J., 1936, 785), the strengths of the homologues above m-butyric acid 
must also reflect an enhancing influence. On inspection of the figure it becomes apparent 
that, if all the points representing the acids above propionic acid were displaced downward, 
a perfectly continuous diminution of strength from acetic acid would be revealed. 

The effects of chain-branching in acids other than those compared above with n-butyric 
acid are also significant ; it is found that introduction of a single methyl group into propionic 
acid at the «a-carbon atom (giving isobutyric acid) fails to bring about a fall in strength 
(the marked increase in strength shown by earlier data is not verified), and yet the sub- 
stitution of two methyl groups (i.e., in trimethylacetic acid) brings about a normal diminu- 
tion. It is also indicated that there is no perceptible change in K on passing from n- 
valeric to 8-methylvaleric acid, Franke’s constant of 1-4 being taken as the most acceptable 
for the latter (cf. p. 1227). Moreover, these observations are consistent with those of 
Evans and Gordon (private communication) on the hydrolysis of the corresponding esters. 
This failure of the single methyl group to reduce K when substituted in propionic acid is 
doubtless connected with the presence initially of a methyl group in the acid, since acids 
of the type CH,X°CO,H (where X is some substituent other than methyl) all suffer a 
roughly proportionate fall in strength when methyl is introduced into the «-position ; 
this is seen by comparing the data in the following two lines : 


CH,Ph-CO,H, 5-031  CH,(OH)-CO,H, 15? CH,CI-CO,H, 155 * 
CHMePh-CO,H, 4.252 CHMe(OH)-CO,H, 13-82 CHMeCl-CO,H, 146-5 * 
1 Dippy and Williams, loc. cit. 2 Ostwald, Z. physikal. Chem., 1889, 3, 369. 3 Lichty, Annalen, 
1901, 319, 380. 


There has already been reason to infer that methyl, in certain circumstances, may fail 
to exert, through the molecule, its normal influence of repelling electrons. It was pointed 
out by Dippy and Page (this vol., p. 357) that sometimes substitution of methyl in hydroxyl 
causes an increase in acid strength, and to the instances already cited may be added the 
comparison of the strengths of glycollic and methoxyacetic acid (15 and 33-5 respectively ; 
Ostwald, loc. cit. ; cf. B6eseken and Kalshoven, Rec. Trav. chim., 1918, 37, 131, and Palomaa, 
Centr., 1912, ii, 596); examination of other evidence also goes to show that this reversal 
of the normal polar effect is characteristic of the methyl of the methoxyl group. The origin 
of the inductive effect of alkyl is obscure and, indeed, it seems now to be still more probable 
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that it is determined largely by the mode of combination of the group (see Ingold, Chem. 
Reviews, 1934, 15, 238). 

The unusual strength of isobutyric acid 3 is not a disconnected observation. There is 
a striking analogy between the order of strengths of p-ethyl-, p-isopropyl-, and #-tert.- 
butyl-benzoic acids (K 4-43,, 4-43, and 3-98, respectively; Baker, Dippy, and Page, J., 
1937, 1774) and that of the comparable propionic, isobutyric, and trimethylacetic acids 
(K 1-33;, 1-38, and 0-891, respectively). Moreover, the systems are much alike; the 
aromatic differs from the aliphatic only in that the benzene nucleus intervenes between 
the carboxyl and the alkyl group, and there is every reason to suppose that effects arising 
from the latter will be transmitted readily in both systems. It seems very likely, there- 
fore, that in these aliphatic acids a “ partial inversion” of the polar effects of Et, Pr’, 
and Bu” is again being observed. Both Baker and Nathan’s explanation (loc. cit.; J., 
1937, 1775) and the author’s alternative suggestion (ibid., p. 1776) are capable of accounting 
for this order. 

The relative strengths of the methylamines may also be connected with the foregoing 
observation. Harned and Owen (J. Amer. Chem. Soc., 1930, 52, 5079) record the following 
reliable data (10°K,), NHs, 1-79; NH,Me, 43-8; NHMeg, 52-0; NMes, 5-45. It is unlikely 
that bulk effects account for this anomalous order, especially in view of recent indications 
that the angle for the C-N-C bonds in trimethylamine approximates to 108° (Brockway 
and Jenkins, ibid., 1936, 58, 2036). Thus if polar factors are responsible exclusively, it 
would appear that an increasing restraint is being put on the inductive effect of methyl as 
methylation of ammonia progresses. 


EXPERIMENTAL. 


Materials.—The acids were obtained from Schering-Kahlbaum, except trimethylacetic 
acid, which was kindly provided by Dr. D. P. Evans, who prepared it by a Grignard synthesis. 
Purification of the liquids was effected by fractional distillation, and, where possible, by subsequent 
partial crystallisation (in a freezing mixture) and draining of residual liquid. Satisfactory 
equivalents were obtained throughout on titration with baryta water. The corrected b. p.’s 
(and m. p.’s) of the fractions employed in conductivity measurements are recorded below. 
These constants compare favourably with the best values in the literature for the synthetic 
acids. 


Acid. — B. p. (M. p.). Acid. B. p. (M. p.). 
- i 162—162-5°/768-8 mm. n-Nonoic . p. 15° 
n-Valeric 99-5—100/23 mm. isoButyric 78/34 mm. (153-5/756 mm.) 
n-Hexoic M. p. —0°5 Diethylacetic 92-5—94/13 mm. 
n-Heptoic 124—125- -5/18 mm. isoValeric 99-5/37 mm. (175/756 mm.) 
n-Octoic Trimethylacetic ... M. p. 35 


Measurements.—The conductivity measurements were made on aqueous solutions at 25° 
as already described (Parts I—III and V). The shunt method of measuring cell resistance was 
eliminated altogether (even for conductivity water) by incorporating in the bridge low-in- 
ductance decade resistance units of 100,000 ohms and 1 megohm. The accurate determination 
of the conductivity of the most dilute solutions was facilitated by the use of a variable air 
condenser (maximum capacity 0-001 microfarad) in parallel with the resistance arm containing 
the decade boxes; in this way the balance points became more distinct, although the actual 
settings were not altered. 

The water employed in the preparation of the acid and salt solutions had a conductivity 
of 0-9—1-0 gemmho. The initial acid solutions were made up to 250 ml. at 25°, except for the 
more sparingly soluble heptoic and octoic acids where 500 ml. of solution were prepared. 

Table II summarises the observations made on the ten acids; in each case one complete 
run is given in detail (the method of calculating thermodynamic constants has been described 
before). 

The values of A, (acid) (Table III) were computed from the measurements made on aqueous 
solutions of the sodium salts by the method outlined in Parts I—III. 


In passing from acetic to m-butyric acid the anion mobility (/,) falls from 40-9 to 35-1, 
a decrease of about 6 units, but on proceeding further through the series the fall in /, 
becomes less marked; when the ion comprises as many as nine carbon atoms the value 
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TABLE II. 


Normal series. 


Cell 10°C Cell 10°C 


const. (equiv./l.). A.  lO5K tase. 10°Ktnerm.- const. (equiv./l.). A. 10®K sss.» 10°K therm. 


n-Butyric acid. 
0-1351 11-73 13-59 1-52 1-47, 
5-406 19:73 (1:50) (1-46) 
4/142 22-69 1-53 1-49, 
0-07285 3-388 24-94 1-52 1-49 
2-941 26-67 1-51, 1-48, 
10 Determinations : 
limits of 10°K therm. =e 1-47,—1 -53. 


n-Hexoic acid. 


0-1347 12-70 12-15 1-34 1-29, 
6-179 17-37 1-35 1-31, 
5-754 17-86 1-33 1-29, 

0-07259 3-553 22-76 1-35 1-32 


2832 24:97  (1:30,) —_(1-27;) 


9 Determinations : 
limits of 10°Kinerm- = 1-29,—1-34;. 


n-Octoic acid. 
0-1338 1-522 33-32 1-29, 1-27 
0-9232 42-43 1-30, 1-28, 
0-8042 44-94 1-28, 1-27 
0-07314 0-7738 46-08 1-30, - 1-28, 
0-5446 53-88 1-28, 1-27 
8 Determinations : 
limits of 10°Ktnerm. = 1-27—1-28,. 


n-Valeric acid. 


01338 14-11 1202 ~—-:1-43, 

13-96 1201 —-1-42 
6-636 17:26 1-41 
4189 21-71 1-42, 
4048 22:03 1-42 
3-326 24:10 1-40, 


11 Determinations : 
limits of 10°Kinem. = 1-36—1-39;. 
n-Heptoic acid. 
0-1338 5-267 18-38 1-30 
4°537 19-82 1-31 
0-07214 3-796 21-49 1-29, 
2-718. 25-24 1-29 
2-206 28-05 1-30, 
9 Determinations : 
limits of 10°Kinerm. = 1-27—1-29,. 
n-Nonoic acid. 
0-1338 0-9515 38-07 1-08 (1-06,) 
0-6295 47-53 1-14, 1-13 
0-5151 561-33 1-10, 1-09 
0-07214 0-4357 56-04 1-13, 1-11, 
0-3903 568-16 1-10 1-09 
9 Determinations : 
limits of 10°Kinerm. = 1-09—1-13. 


0-07214 


Branched-chain series. 


isoButyric acid. 
0-1339 10-12 14-24 1-41, 1-38 
3-082 25-02 1-40 1-37, 
2-201 29-52 1-41 1-38, 
0-07244 2-149 29°84 1-41 1-38 
1-025 42-50 1-41, 1-39, 
; 12 Determinations : 
limits of 10°K werm. => 1-37—1-39,. 


isoValeric acid. 


0-1347 12-40 13-96 1-71, 
6-095 19-60 1-69 
4-502 22-81 1-70, 

0-07259 3-229 26-91 1-72 
2-341 31-49 1-73 


, 9 Determinations : 
limits of 10°Kinerm. = 1-65—1-69;. 


Diethylacetic acid. 


0-1338 7-469 18-27 1-81 1-75; 
3-520 26-40 1-82, 1-78 
2-720 29-47 (1-77;) (1-73) 
0-07214 2-052 34-21 1-82, 1-78, 
1-501 39-54 1-81 1-77; 
1-199 43-52 (1-785) 1-75; 
10 Determinations : 
limits of 10°Kinerm. = 1-75,—1-79. 


Trimethylacetic acid. 


0-1338 7-112 13-39 0-909 0-887 
3-642 18-64 0-914 0-895 
0-07214 2-704 21-36 0-898 0-881 
1-927 25-32 0-908 0-893 


8 Determinations : 
limits of 10° Kinerm. = 0°-881—0-902. 


of /,is 27-1. A somewhat similar diminution in ion mobility is found in the cases of acrylic, 
vinylacetic, and allylacetic acids (Dippy and Lewis, loc. cit.; Dippy, Phil. Mag., in the 
press). As far as the author’s observations extend, it can be said that the branching of 
the alkyl chain reduces the speed of ion migration, so that the order is primary >secondary> 
tertiary. Thus*the isomeric ions arising from m-valeric, isovaleric, and trimethylacetic 
acids possess mobilities of 33-4, 32-7, and 31-9 respectively, and a similar conclusion is 
drawn from the values of /, in the cases of m- and iso-butyric and hexoic and diethylacetic 
acids. The A, (acid) data recorded by Bredig (Z. physikal. Chem., 1894, 18, 191), Franke 
(loc. cit.), and Drucker (Z. physikal. Chem., 1905, 52, 642) show trends comparable with 


those described above. 


The last.column of Table III reveals the serious lack of agreement existing between 
the classical constants published for these aliphatic acids. No fewer than nine constants 
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TABLE III. 


Values of 105K ciass.. 





Mean Ay». r 
Calculated 
Acid.* mean.f From literature. 
384-8 1-53 1-40,1 1-45,? 1-47, 1-49, 1-52,5 1-53, 
1-54,” 1-66,® 1-75 ® 
383-1 1-41, 1-50,5 1-56,° 1-6,4 1-61 7 
380-5 1-35, 1-38,5 1-45,4 1-46 7 
378-9 1-31 
378-5 1-29, +3, 1° 1-445 
n-Nonoic . 376-8 1-12 ' 
isoButyric : 383-9 1-41 . $ 1-45,11 1-48, 1-59,° 1-62 7 
Diethylacetic . 380-1 1-82, . “89,5 2-0,7 2-03 12 
isoValeric : 382-4 1-71 , 68,3 1-73,7 1-79 ® 
Trimethylacetic , 381-6 0-909 . . 7 
Acetic (for comparison pur- 
poses; Dippy and Wil- 
liams, Joc. ctt.) 91-0 390-6 


* In deriving the A,(acid) values the sodium and hydrogen mobilities of MacInnes, Shedlovsky, and 
Longsworth (J. Amer. Chem. Soc., 1932, 54, 2758) were employed, viz., 50-1 and 349-7, respectively. 
{7 Mean of 10°Kcisss, values determined in this investigation. 


1 Wilsdon and Sidgwick, J., 1913, 108, 1964. 2 Bauer, Z. physikal. Chem., 1906, 56, 215. 
3 Verkade, Rec. Trav. chim., 1916, 35, 97; 1917, 36, 197. 4 Ostwald, Z. physikal. Chem., 1889, 3, 
418. 5 Franke, ibid., 1895, 16, 477. 6 White and Jones, Amer. Chem. J., 1910, 44, 197. 
? Billitzer, Monatsh., 1899, 20, 666. 8 Kortright, Amer. Chem. J., 1896, 18, 369. ® Drucker, 
Z. physikal. Chem., 1905, 52, 642. 10 Wightman and Jones, Amer. Chem. J., 1911, 46, 84. 
11 Dalle, Centr., 1902, i, 913. 12 Walden, Z. physikal. Chem., 1892, 10, 638. 13 Pommeranz, 
Monatsh., 1897, 18, 575. 


were recorded for m-butyric acid, the extreme values differing by about 25%. For the 
most part, the present classical constants are in closer harmony with the lowest figures 
taken from the literature, although for m-valeric and trimethylacetic acids the present 
values are appreciably lower than any of the earlier ones. Serious doubt has prevailed 
regarding the strength of »-valeric acid, for it will be seen from Table III that two of the 


four past measurements indicated that it was weaker than u-butyric acid, whereas the 
others showed it to be stronger; it may be that contamination with the stronger tsovaleric 
acid accounted for the high results. It is noteworthy that Franke (loc. cit.), with two 
distinct specimens, records constants differing by about 6%, and accepts the lower figure 
on the ground that it referred to the purer specimen of acid. Since the new figure for 
this acid is of such theoretical significance, it was decided to secure measurements on 
different specimens of the acid, but all the runs were in agreement. 

' The classical constants extracted from the literature are not all of equal merit. In 
almost every instance the method of successive dilution seems to have been adopted, but 
the accuracy differs in standard. The quality of the water is rarely mentioned, and on 
the other hand, an empirical solvent correction has sometimes been applied. Most in- 
vestigators fail to describe the purity of their acids, a fact which seriously detracts from the 
value of their measurements. The most extensive investigations were those of Franke, 
Billizer, and Drucker, and the results which approximate most closely to the present ones 
are those of the first-named. It is significant that this worker alone consistently stated 
the purity of his materials; moreover, his results were exceedingly regular and included 
independent measurements on the sodium salts; his dilution procedure, nevertheless, 
strictly limited the number of his determinations on the higher acids. Very good agree- 
ment with the present results is found with n-butyric, 1-hexoic, n-heptoic, m-nonoic, and 
isovaleric acids. 


The author thanks Dr. H. B. Watson for his interest in this work, and Imperial Chemical 
Industries, Limited, for grants to this Department. 
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232. The Relative Effect of Inhibitants on Adsorption and on 
Catalytic Activity. Part I. 


By EpwArRpD B. MAXTED and (the late) CHARLES H. Moon. 


The gradient of the poisoning graph for the deactivation, by means of hydrogen 
sulphide, of platinum for catalytic hydrogenation has been compared with that 
representing the corresponding action of the poison on the adsorptive properties. 
Although the relative rate of decrease in the total adsorption of hydrogen by the 
metal as the poison content is progressively increased is in any case not widely 
different from the corresponding fall in the catalytic activity, yet a better agreement 
between the slope of the two graphs is obtained if the fall in the velocity of the adsorp- 
tion, rather than in the total amount adsorbed, is compared. The correspondence is 
of interest in connexion with the existence of active points in the catalysing surface. 

At sufficiently low gas pressures, the rate-controlling factor in the adsorption may 
change from the condition of the adsorbing surface to the rate of impingement of the 
gas molecules on the adsorbent. 


THE relative action of a poison on the adsorptive power of a metallic catalyst and on its 
activity for catalysis is of considerable importance in connexion with the question as to 
whether all adsorbing elements in the surface are potentially catalytically active or whether, 
on the other hand, catalytic activity is confined to certain so-called active points. 

In earlier work of Pease and Stewart (J. Amer. Chem. Soc., 1925, 47, 1235), carbon 
monoxide was used as a poison towards a copper catalyst; and it was observed that the 
addition of a small volume of this poison was followed by a far greater fall in the catalytic 
activity for the hydrogenation of ethylene than would be expected from the ratio between 
the volume of carbon monoxide added and the total volume which the copper was capable 
of sorbing. In view of the importance of this observation, it has been considered of interest 
to undertake a somewhat more extensive correlation of the relative depression of adsorptive 
power and of catalytic activity. Carbon monoxide is not a permanent poison and may 
readily be removed, for instance by degassing at 250°: further, the apparent adsorptive 
power of a metal for this gas—also the actual adsorbed concentration—might possibly be 
affected by reaction of the carbon monoxide with hydrogen, including any residual hydrogen 
present in the metal, although the hydrogenation of carbon monoxide certainly occurs 
far less readily on copper than, for instance, on nickel. Accordingly, in re-examining 
this point systematically, it appeared desirable, for the sake of simplicity, to employ a 
permanent poison which remains unchanged in amount on the metal surface throughout 
a given series of determinations and which, particularly, is not removed by any necessary 
degassing between adsorption measurements. In the second place, it was felt that con- 
siderations based on the total adsorptive power only, viz., on the volume of a given gas which 
is adsorbed after an arbitrary time, or at saturation, by the unpoisoned metal, are not in 
themselves very definite evidence for active points, if only in view of the complex nature 
of the total sorption process and of the inclusion in this of non-surface components corres- 
ponding with the penetration of the gas to the interior. For this reason, it is considered 
that a fuller discussion of the implications is better postponed until the experimental 
data have been adequately examined. 

In the present paper, in addition to measuring the total adsorption, an attempt has 
been made to correlate the velocity of the adsorption process—for hydrogen on platinum— 
at various known stages of poisoning with the corresponding catalytic activity, since this 
velocity, rather than the total volume of gas which the metal is capable of sorbing, may 
well be a controlling factor in determining the rate of catalytic activation. 

It was found that the relative depression in the catalytic activity, with increasing 
poison concentration, does not in any case differ greatly from the corresponding fall in the 
total adsorption, provided that the time at which the: observation of total adsorption is 
made is short; but, as was expected, a closer degree of correspondence in the value of the 
poisoning coefficients for catalysis and for adsorption, respectively, is obtained if the values 
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of the adsorption velocity during the early stages of adsorption are employed in place of 
those representing total adsorption. 


EXPERIMENTAL. 


The apparatus employed was similar to that previously used for other adsorption work 
involving hydrogen and deuterium (J., 1936, 1542). The kinetics of the adsorption of hydrogen 
by platinum at various stages of poisoning by hydrogen sulphide were found to be of the same 
type as for adsorption on unpoisoned platinum; and the general technique and method of 
expressing the adsorption velocities were as described in this previous paper. The platinum 
was prepared, as before, by Mond, Ramsay, and Shields’s method (Phil. Tvans., 1895, A, 186, 
657): the hydrogen was purified by desorption from palladium, and the hydrogen sulphide by 
liberation from magnesium hydrosulphide, followed by liquefaction and distillation. 

Before a series of measurements was begun, the platinum was freed from its original oxygen 
content by repeated treatment with hydrogen and stabilised at 200°, all subsequent degassing 
being carried out at 100°. All measurements of adsorption were made at 18°. In poisoning, 
a known small volume of hydrogen sulphide was admitted to the previously degassed platinum 
at room temperature, the completeness of the adsorption of each small increment of poison 
being checked by testing for residual pressure by means of a McLeod gauge. The platinum 
containing the hydrogen sulphide was then heated to 100°, during which no sulphur was removed, 
and the adsorption of hydrogen, with the adsorption bulb immersed in a thermostat maintained 
at 18°, was subsequently followed in the usual way. The same specimen of platinum-black, 
of gradually increased poison content, was of course used throughout each series of measure- 
ments; and each series was started with a new preparation of unpoisoned platinum. Measure- 
ments of the catalytic activity of the platinum at known stages of poisoning were made by 
observing its activity for the hydrogenation of crotonic acid at 40° under standardised conditions 
(J., 1935, 393; Trans. Faraday Soc., 1917, 13, 36). 

When small specimens of platinum had to be removed from the adsorption bulb for deter- 
mination of the catalytic activity, great care was necessary in order to avoid a change in the 
activity due to exposure to the air. To this end, after thorough degassing, the bulb was filled 
with helium in order to form a protective covering over the finely divided metal; and the 
extraction and testing of the small quantity of platinum required for the catalytic measure- 
ment were carried out as quickly as possible; further, the absence of change in the condition 
of the platinum was checked by duplicate measurements before and after this operation. If 
these precautions are not observed, the residual hydrogen content of the platinum may, on 
exposure to air, lead to a rise in temperature accompanied by sintering, and to the subsequent 
loss of activity by surface change rather than by the action of the poison added. 

Preliminary Measurements of Total Adsorption.—In this preliminary series, measurements 
were made of the relative influence of hydrogen sulphide on the catalytic activity and on the 
total adsorptive power for hydrogen at atmospheric pressure. The initial weight of platinum 
taken was 16-1 g.; and small samples were removed at the various stages of poisoning in order 
to determine the catalytic activity. The results are summarised in Table I. 


TABLE I. 


H,S content Total hydrogen adsorption, in c.c. at N.T.P. per g. of Pt, after Activity for catalytic 
(c.c. at N.T.P. hydrogenation (c.c. 
per g. of Pt). 1 min. 5 mins. 10 mins. Hy, per min.). 

0 0-820 0-913 0-953 19-0 
0-043 0-730 0-870 0-903 16-0 
0-082 0-642 0-793 0-843 11-6 
0-134 0-535 . . 0-719 0-775 6-4 
0-181 0-405 0-621 0-686 3-4 


In comparing the relative effects of the poison in this way—in place of, as was later done, 
studying the kinetics in greater detail and comparing the adsorption velocities—it is necessary 
to choose a standard time at which the total adsorption by the platinum at the known stage of 
poisoning is compared with the corresponding total adsorption by the unpoisoned metal; and, 
since this time is arbitrary, the influence of the poison on the total adsorption at all three 
times, viz., at 1, 5, and 10 mins., has been plotted on the same graph as that showing the corres- 
ponding fall in the catalytic activity. In this graph (see Fig. 1) the values of the unpoisoned 
catalytic activity and of the unpoisoned total adsorption have in each case been taken as 
unity; accordingly, the figure represents on a comparable scale the fractional fall in the adsorp- 
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tion and in the catalytic activity, respectively, caused by a gradually increased concentration 
of the poison. 
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The disparity in slope of the activity and of the adsorption graphs is not very great if con- 
sideration be taken that this total sorption, in addition to including non-surface processes not 
directly concerned in surface catalysis, merely represents the aggregate amount of gas fixed 
by processes the velocity of which diminishes continuously with the time; and it will be noted 
that the slope of the adsorption graphs gradually approaches that of the line representing 
the fall in catalytic activity as the time at which the total adsorption is compared is decreased. 

Since the secondary components in the total sorption—corresponding, for instance, with 
the penetration of the gas, by diffusion or by activated migration, to the interior of the metal— 
are, as is shown by the kinetics, relatively slow compared with the main process of primary 
adsorption, the proportionate effect of these processes in the total sorption should become 
greater as the time at which the total sorption is observed is increased; i.e., the complicating 
influence of these factors should become less as this time is decreased. Thus the observed 
gradual approach in slope, with diminishing time, to that of the catalytic activity graph suggests 
that, as would be expected, the main rapid adsorption process is that responsible for catalysis 
and that a still greater degree of concordance between activity and adsorptive properties might 
be obtained if the relative degree of incidence of the slow secondary process could be minimised 
by further reducing the time of observation or, better, by following the adsorption kinetics— 
particularly during the early stages, during which the primary adsorption process is dominant— 
and comparing the adsorption velocity constant, at various stages of poisoning, with the 
corresponding catalytic activity. 

Adsorption Velocities at Normal Pressure.—In this series, 17-2 g. of platinum-black were 
progressively poisoned by the addition of known increments of hydrogen sulphide; and the 
velocity of the adsorption of hydrogen by the original and by the poisoned catalyst was followed 
by observations made, in the early stages of adsorption, at intervals of a few seconds, the 
velocity measurements being in many cases checked by duplicate runs at the same poison 
content. The influence of various quantities of this poison on the adsorption during the first 
two minutes is summarised in Fig. 2. 

On examining the kinetics of the adsorption, these were found to follow a course of the same 
type as that previously found for hydrogen or deuterium on unpoisoned platinum (J., 1936, 
1542); i.e., the volume adsorbed, during early stages of the adsorption, followed Bangham 
and Sever’s relationship (Phil. Mag., 1925, 49, 938) : 


loga/a—v)=hk®. . . 2. ww whe CUD 
in which v is the volume of gas adsorbed after time #, and a the saturation capacity. If this 
equation is written in its logarithmic form : 
log{log a/(a — v)} = log k + n logit 


it will be seen that a linear plot should be obtained between log{log a/(a — v)} and log#; and the 
agreement of the observed kinetics with a course of the above type is shown in Fig. 3, in which 


¢ is the above function. 
Equation (1) may, as before, be regarded as being derived from a rate equation of the type 


dzjgi == nbla— em 2 4 oy iat 6 ee 
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Consequently, provided that the index, m, in equation (1) does not change appreciably as the 
platinum i is poisoned, the product nk may be employed as a velocity constant, the value of which, 
at a given stage of poisoning, is a measure of the velocity of the adsorption. The variation of 
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this adsorption rate constant with the hydrogen sulphide content is summarised in Table II, 
the general method of calculating and & being as already described (J., 1936, Joc. cit.). 


TABLE II. 


H,S content (c.c. at Relative velocity 
N.T.P. as g. of Pt). Oe nk. of adsorption. 
0-375 . 28 0-105 1-00 , 

Q 0-393 27 0-106 1-01 

0-0439 0-354 27 0-096 0-92 

0-0820 0-330 27 0-089 ‘0-85 
0-1335 0-286 -29 0-083 0-79 
0-1817 0-241 0-29 0-070 0-665 
0-1817 0-245 0-29 0-071 0-675 
0-1817 0-250 0-28 0-070 0-665 


If the values of uk are plotted against the poison content (see Fig. 4) a straight line is obtained, 
i.e., the adsorption velocity varies linearly with the poison content; and since, as has already 
been found, the catalytic activity also decreases linearly with the poison, it was considered 
preferable in the present series, in place of removing part of the platinum between each adsorp- 
tion, to interrupt the measurement of adsorption once only, viz., at the final stage shown in 
Table II (corresponding with the reduction of the original adsorption velocity by about 33% 
by the 0-1817 c.c. per g. of platinum of hydrogen 
sulphide added) and to continue the poisoning Fie. 4. 
from this stage—with measurement of the 
catalytic activity—in order to ascertain whether 
the gradient of the poisoning graph was identical 
with that obtained for the adsorption velocity. 
This alternative method was adopted in order 
to minimise the possibility of an uncontrolled 
change in activity which may follow the repeated 
taking out and handling of a sensitive catalyst. 27 2 
The ease of handling is greatly increased if the Poison content. (c.c.oF MyS per g.of Pt). 
activity has been reduced by partial poisoning ; 
and the taking out of the catalyst was of course done with the precautions already described, 
including the use of an inert gas. 

On continuing the poisoning graph from the above point, it was found that, whereas the 
platinum containing 0-1817 c.c. of hydrogen sulphide per g. possessed a catalytic activity of 
6-6, this activity fell to 4-7 on increasing the hydrogen sulphide content to 0-2704 c.c., i.e., by 
0-0887 c.c. From these figures, the value of the poisoning coefficients, « (J., 1934, 26, 672), 
for the depression, respectively, of the adsorption velocity and the catalytic activity, can be 
calculated by means of the usual relationship k, = ky (1 — ac) or the equivalent expression 
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he,/Re, = (1 — acq)/(1 — ac) in which hy is the original unpoisoned catalytic attivity, or the 
unpoisoned adsorption velocity, and k, is the activity, or the adsorption velocity, in the presence 
of a concentration, c, of the poison, From these, 


Oads.vel. = 1°8 and cKogtact. = 2°0. 


It will be seen that the agreement is reasonably close. The continuation of the adsorption- 
velocity line by that representing, on an equivalent scale, the slope of the observed further fall 
in catalytic activity per unit of poison has also been inserted in Fig. 4. 

Influence of Poisoning on Low-pressure Adsorption.—In view of the special catalytic 
significance which has been ascribed to the low-pressure adsorption of hydrogen and other gases, 
work was also carried out on the relative effect of hydrogen sulphide on adsorption under 
these conditions, compared with its action on the catalytic activity. To this end, hydrogen 
at a relatively low pressure (ca. 0-06 mm. in each case) was admitted to progressively poisoned 
platinum, a small sample of which was—with proper precautions—removed at each stage of 
poisoning in order to enable the catalytic activity to be determined. This low-pressure series 
of adsorption measurements was combined with the first series of the present paper (total 
adsorption at normal pressure) ; consequently, the fall in the catalytic activity is identical with 
that already given in col. 5 of Table I, 7.e., 0-1813 c.c. of hydrogen sulphide per g. of platinum 
reduced the activity of the platinum to 17-9% of its unpoisoned value. 

The rate of adsorption at these low pressures was followed by a McLeod gauge, since it was 
not practicable in the apparatus employed to measure the adsorption at a constant low pressure 
of this order. The results, with the platinum at various stages of partial poisoning, are 
summarised in Table III. 

TABLE III. 

Wt. of H,S content (c.c. at H, adsorption, 

Pt,g. N.T.P. per g. of Pt). 9, mm. #,mins. inc.c. at N.T.P. Ry. k,/wt. Pt. 

16-11 , 0 0-0671 2 0-0163 0-121 0:0075 


5 0-0270 0-107 0-0067 
10 0-0353 0-112 0-0070 


16-11 : 0-0567 2 0-0143 0-127 0-0079 
5 0-0239 0-117 0-0073 
10 0-0302 0-120 0-0075 


15-78 . 0-0586 2 0-0142 0-120 0-0076 
5 0-0247 0-117 0-0074 
10 0-0312 0-119 0-0075 


15-36 , 0-0531 2 0-0131 0-123 0-0080 
5 0-0226 0-119 0-0078 
10 0-0284 0-126 0-0082 


15-03 P 0-0653 2 0-0161 0-123 0-0082 
5 0-0274 0-116 0-0077 
1l 0-0352 0-116 0-0077 


It will be seen that, on the whole, the rate of adsorption at these low pressures is, under the 
conditions of the measurements, not greatly affected by the presence of the poison, although 
the latter is ultimately present in amount sufficient to reduce the catalytic activity to less than 
one-fifth of its original value. On the other hand, the adsorption rate appears to be controlled 
by the hydrogen pressure, i.e., by the frequency of the molecular impingement of the gas on 
the adsorbing surface. It will be noted that the rate-controlling factors under these conditions 
of low pressure and restricted gas supply are apparently quite different from those which are 
dominant in ordinary high-pressure adsorption. Further, if in these circumstances—in which 
the molecular impingement is relatively low compared with the available surface elements, 
even if four-fifths of these are covered by poison—the velocity of the adsorption is strictly 
proportional to the gas pressure rather than being a function of the condition of the surface, 
it should be possible very simply to correct for the variation in pressure during adsorption and 
to test the degree of this direct proportionality by — the appropriate constant at each 
stage of the poisoning. 

If dv/dt = kp, where p is the pressure in mm. at time t, and & is the required constant, and 
if p, is the initial hydrogen pressure, then introduction of the appropriate conversion factor for 
expressing volumes of gas present in terms of the pressure exerted (for the apparatus in question, 
lc.c. of gas = 1-754 mm. pressure) gives 


P = Po — 17540 
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where v is the volume, in c.c., of gas adsorbed from the original volume introduced, this original | 
volume corresponding with an original pressure, py. Accordingly, 


du/dt = k(p, — 1-754v) 
and, by integration, 
(1/1-754)log )(pyp — 1°754v) = ht 
or (1/2) log po/(Pp — 1-754v) = const. 


The approximate constancy of the above expression, at all the stages of poisoning studied, 
is shown in the last two columns of Table III, in which h, is (1/t) log po/(p) — 1-754v). Sincea 
small quantity of platinum was, as already mentioned, removed for testing between the additions 
of poison, it is necessary to make a small correction for the weight of platinum present. This 
has been done in the last column of the table; and, if the smallness of the individual adsorptions 
is taken into consideration, the degree of constancy of the corrected constant is quite good, 
and indicates a reasonably strict linear variation of the adsorption velocity with the pressure. 
Certainly, at these low pressures and under these conditions, the velocity does not sink as the 
catalyst is progressively poisoned, at any rate up to the stage investigated, namely, up to that 
corresponding with the removal of over 80% of its catalytic activity. 


UNIVERSITY OF BRISTOL. (Received, June 1st, 1938.] 





233. The Resinols. Part V. B-Amyrenonol and Dehydro-B-amyrenol. 
The Location of the Unsaturated Centres of the a- and B-Amyrenols. 


By J. H. Beynon, K. S. SHARPLES, and F. S. SPRING. 


The presence of the grouping -C°‘C°CH,°CH* in $-amyrenol has been diagnosed by 
the oxidation of B-amyrenyl benzoate to the «f-unsaturated ketone B-amyrenonyl 
benzoate. Reduction of B-amyrenonol, followed by treatment of the product with 
acetic anhydride, yields dehydro-$-amyreny] acetate, which, like the a-isomer, contains 
a conjugated system of ethenoid linkages located in a single ring system. Oxidation 
of dehydro-x-amyrenyl acetate gives an «$-unsaturated hydroxy-ketone, C,,H,590,. 


The structures of the o- and $-amyrenols are discussed in the light of these and other 
transformations, 


AN unsuccessful attempt was made by Vesterberg (Ber., 1891, 24, 3836) to oxidise B- 
amyrenyl acetate with chromic anhydride with the object of preparing a derivative 
analogous to ‘‘ oxy-«-amyrin acetate,’’ which was later shown to be «-amyrenony] acetate 
(Spring and Vickerstaff, J., 1937, 249). Repetition of this experiment gave “ 6-amyrenyl 
acetate oxide,” m. p. 293°, as the only isolable product, identical with the “‘ oxide ” 
prepared by Rollett and Bratke (Monatsh., 1922, 48, 685), by Spring (J., 1933, 1345; 
Spring and Vickerstaff, J., 1934, 1859), and by Dieterle, Brass, and Schaal (Arch. Pharm., 
1937, 275, 557). The oxide fails to give a coloration with tetranitromethane in chloroform 
and is recovered unchanged after-treatment with acetic anhydride or with chromic acid. 
The Zerewitinoff method, however, indicates the presence of one active hydrogen atom. 

In marked contrast to the behaviour of B-amyrenyl acetate, oxidation of $-amyreny]l 
benzoate with chromic anhydride yields B-amyrenonyl benzoate, m. p. 265°. Hydrolysis 
of the benzoate gives B-amyrenonol, CzgH,,0,, m. p. 175°, yielding B-amyrenonyl acetate, 
m. p. 260—261°, on acetylation. This acetate exhibits the typical light absorption 
properties of an «$-unsaturated ketone but fails to give a semicarbazone or oxime. It is 
clear that the oxidation of 6-amyrenyl benzoate has proceeded in exactly the same way 
as that of «-amyrenyl acetate (Spring and Vickerstaff, 1937, loc. cit.), a methylene group 
in the «-position to the ethylenic linkage being converted into a carbonyl group. Further- 
more, migration of the ethylenic linkage has not occurred during the oxidation, for we 
find that, like a-amyrenonyl acetate (Ruzicka, Leuenberger, and Schellenberg, Helv. 
Chim. Acta, 1937, 20, 1271), the 8-isomer is slowly reduced on shaking with hydrogen and 
platinum to give f-amyrenyl acetate, hydrogenation of the «$-unsaturated ketone system 
resulting in complete reduction of the carbonyl group, the ethylenic linkage being 


unaffected. 
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Oxidation of 6-amyrenonol with chromic anhydride gives the previously described “‘ B- 

amyrone oxide I” (Spring and Vickerstaff, J., 1934, 650, 1859), which must now be 
designated $-amyrenedione, C,,H,,0,; the analyses recorded by Spring and Vickerstaff 
clearly favour this formulation. Like §-amyrenonyl acetate, B-amyrenedione exhibits 
the light absorption properties of an «f-unsaturated ketone. 
_ Reduction of f-amyrenonyl acetate with sodium and alcohol gives a product which 
in spite of prolonged drying has the formula CygH5,0,,C,H,*OH and which on heating with 
acetic anhydride gives dehydro-B-amyrenyl acetate, m. p. 208—209°. Like dehydro-«- 
amyrenyl acetate (Spring and Vickerstaff, 1937, loc. cit.), the B-isomer exhibits selective 
absorption in the ultra-violet region of the spectrum with a maximum at 2820 A. (Fig.), 
indicating the presence of a system of conjugated ethylenic linkages located in a single 
ring system. 

The conversion of the amyrenols into the corresponding dehydroamyrenols indicates 
the presence in the former alcohols of the system *C:C*CH,*CH:, which must be located 
in a single cyclic system and not distributed between two rings. The conversion of 
oleanolic acid into B-amyrenol (Ruzicka and Schellenberg, Helv. Chim. Acta, 1937, 20, 1553), 
moreover, shows that this system must be present in the triterpene acid. The structure 
(I, R= Me) postulated by Ruzicka and Schellenberg for 6-amyrenol does not accommodate 
this unsaturated system, an angular methyl group being attached to C,;. The possibility 
that the conversion of the amyrenonols into the corresponding dehydroamyrenols is effected 
by a retropinacolinic rearrangement is considered unlikely, since the same change would 
have to be assumed during the sulphur dehydrogenation of «-amyrenol to dehydro-«- 
amyrenol (Jacobs and Fleck, J. Biol. Chem., 1930, 88, 137). 
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The modified structure (II) for 6-amyrenol (R = Me) and oleanolic acid (R = CO,H) 
has the advantage that it accommodates the unsaturated system and at the same time 
interprets the data of dehydrogenation and of oxidative degradation. According to this 
structure the «$-unsaturated ketones «- and $-amyrenonols (R = Me) and ketoacetyl- 
oleanolic acid (R = CO,H) (Kitasato and Sone, Acta Phytochim., 1933, 7, 183; Ruzicka 
and Cohen, Helv. Chim. Acta, 1937, 20, 804) are represented by the partial structure (III) 
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and the dehydroamyrenols by (IV; R = Me). Ketoacetyloleanolic acid lactone (Kitasato 
and Sone, Acta Phytochim., 1932, 6, 209; Ruzicka, Hésli, and Hofmann, Helv. Chim. Acta, 
1936,1 109; Ruzicka and Cohen, ibid., 1937, 20, 1192), its hydrolysis product (Ruzicka, 
Hésli, and Hofmann, loc. cit.; compare Kitasato and Sone, Acta Phytochim., 1932, 6, 210; 
1933, 7, 24), and the isolactonedicarboxylic acid monomethyl ester, m.. p. 300—304° 
(Ruzicka and Hofmann, Helv. Chim. Acta, 1936, 19, 114; Ruzicka and Cohen, ibid., 1937, 
20, 1192) will now be represented by the partial formulz (V), (VI), and (VII), respectively. 
The relative positions of the ethenoid linkage and the carboxyl group in (II) have been 
suggested by Haworth (Amn. Reports, 1937, 84, 338), who, however, attaches the displaced 
methyl group at Cy9. Such a location does not allow of a satisfactory formulation for 
basseol, a diethenoid tetracyclic triterpene alcohol (Beynon, Heilbron, and Spring, J., 
1937, 989). Basseol contains an exocyclic methylene group and an inert ethylenic linkage, 
and is isomerised under extremely mild reaction conditions to 8-amyrenol, with consequent 
saturation of the exocyclic methylene group, 


a behaviour which is adequately interpreted 
by the suggested structure (VIII) for basseol. 40 V4 aN 
Vv 








The evidence for the existence of a methyl I 
group attachment at C,, is, however, by no 
means conclusive. 

The complete parallellism in the behaviour 
of the «- and §-amyrenols leads to the 
derivation of the same partial structure (II) 
for both isomers; the two alcohols may be 
stereoisomeric. The hypothetical structure 
(IV) for dehydro-«-amyrenol receives support 
from the behaviour of its acetate on oxidation 
with chromic anhydride. The main neutral 
product proved to be an acetate, Czg.H590,, 
m. p. 312°. That this contains an «f- 
unsaturated ketone grouping was established 
by its absorption in the ultra-violet region, 
which exhibits maxima at 2500 A. and 
3460 a. (Fig.). It does not react with the 
usual carbonyl reagents and is unchanged 
after treatment with acetic anhydride. The 


Zerewitinoff method establishes that the 10 


fourth oxygen atom is present as a tertiary — =z 


hydroxyl group. The acetate, m. p. 312°, is 1. Dehydre-e-emyrenyl acetate. 

therefore to be formulated as (IX) or (IXa), Ry — -B- ia 

the oxidation of the conjugated system of °  eeaunen yee sale 
dehydro-a-amyrenyl acetate (IV) having pro- ate Ee er rer et Spree 
ceeded in exactly the same way as that of ergosteryl and lumisteryl acetates (Burawoy, 
J., 1937, 409). The oxidation of dehydro-8-amyrenyl acetate with chromic acid is being 


examined. 
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EXPERIMENTAL. 

Oxidation of B-Amyrenyl Acetate.—A solution of the acetate (3 g.) in glacial acetic acid (120 
c.c.) was treated with chromic acid (2 g.), and the mixture heated under reflux for 30 minutes. 
The solid separating on cooling was collected, repeatedly crystallised from acetic acid and then 
from benzene-ethy] acetate (1 : 1), from which “‘ B-amyreny] acetate oxide ” separated in laminz, 
m. p. 292°, showing no depression in admixture with the specimen prepared by Spring ((oc. 
cit.). Active hydrogen determination (Zerewitinoff) : 9-532 Mg. evolved 0-42 c.c. of methane at 
759 mm. and 16°, corresponding to 0-9 atom of active hydrogen. Hydrolysis of the “ acetate 
oxide ” gave “‘ B-amyrenol oxide”, which after repeated crystallisation from aqueous alcohol 
separated in colourless needles, m. p. 215°, showing no depression on admixture with the specimen 


prepared by Spring (loc. cit.). 
8-Amyrenonol.—A solution of chromic acid (5 g.) in 85% acetic acid (50 c.c.) was added 
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during 30 minutes to a boiling solution of B-amyrenyl benzoate (5 g.) in glacial acetic acid 
(300 c.c.), and the mixture heated under reflux for a further 14 hours. The hot solution was 
diluted with water until turbid, and the solid separating on cooling crystallised from glacial 
acetic acid, from which $-amyrenonyl benzoate separated in needles, m. p. 265°, [a]>” + 126-6° 
(2 = 1, ¢ = 0-3 in chloroiorm) (Found: C, 81-5; H, 9-4. C,,H,,O0, requires C, 81-6; H, 96%). 
A solution of the benzoate (2 g.) in benzene (10 c.c.) was added to 10% alcoholic potassium 
hydroxide (100 c.c.), and the mixture heated under reflux for 20 hours. After dilution with 
water the mixture was extracted with ether, and the extract washed with water and dried. 
The solid obtained after removal of the solvent was crystallised from alcohol, from which 
B-amyrenonol separated in needles, m. p. 175°, [a]#" + 113-2° (1 = 1, c = 6-6 in chloroform) 
(Found: C, 81-6; H, 11+l. Cg 9H,,O, requires C, 81-7; H, 11-0%). 

8-Amyrenonyl acetate separated from alcohol in needles, m. p. 260—261°, [a]? + 157-9° 
(2 = 1, ¢ = 0-38 in chloroform)(Found: C, 79-5; H, 10-3. (C,,H,,O, requires C, 79-6; H, 
10-4%). Light absorption in alcohol (Fig.): maxima, (a) 2450 a., log « = 4-14; (b) 3300 a., 
log « = 1-78. 

Reduction of B-Amyrenonyl Acetate.—The acetate (81-86 mg.) in glacial acetic acid was shaken 
with hydrogen in the presence of Adams’s platinum catalyst for 32 hours at 80°. The absorption 
of hydrogen was slow and uniform, the total volume absorbed (4-205 c.c. at 16° and 742 mm.) 
corresponding to approximately 1 mole. The catalyst was removed by filtration, and the 
solvent evaporated under reduced pressure. The residue after two crystallisations from alcohol 
separated in long needles (30 mg.), [«]}?° + 76-0° (7 = 1, c = 0-05 in chloroform), m. p. 235°, 
showing no depression on admixture with authentic B-amyrenyl acetate (Found: C, 81-85; 
H, 10-9. Calc. for C;,H;,0,: C, 81-95; H, 11-2%). 

8-A myrenedione.—A suspension of §-amyrenonol (5 g.) in glacial acetic acid (250 c.c.) was 
treated with a solution of chromic anhydride (1-8 g.) in 85% acetic acid (50 c.c.), added during 
1 hour, the temperature being maintained at 70° throughout. The solution was maintained at 
70° for a further 30 minutes and then largely diluted with water. The neutral product, isolated 
in the usual manner, crystallised from acetone in colourless plates, m. p. 237°, showing no 
depression on admixture with the specimen described in Part II (J., 1934, 650). 

Dehydro-B-amyrenyl Acetate-—A solution of $-amyrenonol (2-5 g.) in boiling amyl alcohol 
(65 c.c.) was treated with sodium (4-3 g.) in small amounts with frequent shaking. The mixture 
was then boiled for a further hour, cooled, and diluted with water. The solid obtained on 
removal of the amyl alcohol by distillation in steam was extracted with ether, and the extract 
washed and dried (sodium sulphate). Removal of the solvent and crystallisation of the residue 
from alcohol gave prisms, m. p. 220—221° (Found: C, 78-3; H, 11-3. C,,H,,0,,C,H,-OH 
requires C, 78-6; H, 11-5%). The reduction product (2 g.) was heated under reflux for 1 hour 
with acetic anhydride (25 c.c.) and anhydrous potassium acetate (2 g.). The solid’ separating 
on dilution with water was collected and crystallised from glacial acetic acid, from which dehydro- 
B-amyrenyl acetate separated in needles, m. p. 208—209°, [«]?” + 331° (J = 1, c = 0-53 in chloro- 
form)(Found; C, 82-1; H, 10-8. C,,H,,O, requires C, 82-3; H, 10-8%). Light absorption 
in alcohol ; maximum 2820 a., log ¢ = 3-98. Dehydro-«-amyrenyl acetate (Fig.) exhibits a 
maximum at 2800 a., log « = 4-057. 

Oxidation of Dehydro-a-amyrenyl Acetate ——A solution of chromic acid (1-5 g.) in 85% acetic 
acid (5 c.c.) was added during 1 hour to a boiling solution of dehydro-a-amyreny] acetate (1-5 g.) 
in glacial acetic acid (40 c.c.), and the mixture boiled for a further hour. The solid separating 
on dilution with water was extracted with ether, and the ethereal extract washed with sodium 
carbonate solution and dried (sodium sulphate). Removal of the solvent yielded an acetate, 
which separated from acetone—methy] alcohol in plates, m. p. 312°, [«]#*° + 61-1° (7 = 1,c = 0-33 
in chloroform) [Found: C, 77-0; H, 10-2; M (Reiche), 479. C,,H,,O, requires C, 77-0; H, 
10-11%; M, 498]. Light absorption in alcohol : maxima (a) 2500 a., log ¢ = 4-07; (b) 3460 a., 
log « = 1-89. Active hydrogen determination (Zerewitinoff method): 7-069 mg. evolved 
0-40 c.c. of methane at 21° and 762 mm., corresponding to 1-18 atoms of active hydrogen. 


Our thanks are due to Dr. A. E. Gillam for the absorption spectra data. 


THE UNIVERSITY, MANCHESTER. (Received, June 15th, 1938.) 
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(234. Pyrazoline Local Anesthetics. Part I. Derivatives of Benzyl- 
idene- and Anisylidene-acetone. 


By Hucu B. NISBET. 


Derivatives of 1 : 5-diphenyl-3-8-dialkylaminoethylpyrazoline and the correspond- 
ing 3-8-piperidinoethyl compounds have been shown to possess local anzsthetic 
properties when tested by the rabbit’s cornea and human wheal methods. For the 
investigation of the influence of substituents in the molecule on the pharmacological 
properties, a large number of compounds have been synthesised from 1-dialkylamino 
(or 1-piperidino)-5-phenyl (or p-anisyl)-A‘-penten-3-one hydrochlorides by conversion 
into the phenylhydrazones or substituted phenylhydrazones, followed by isomeris- 
ation to the pyrazolines. New methods are given for this type of isomerisation. 

The general results of the pharmacological examination (reported fully elsewhere) 
indicate that increase in the size, up to di-n-propylamino-, of the dialkylamino-group 
increases the local anesthetic potency and to a lesser degree the toxicity. The 
replacement by #-tolyl or p-ethoxyphenyl of the 1-phenyl radical gives slight 
increase in activity. The toxicity also is increased in the case of the p-ethoxyphenyl 
derivative. 


NisBET and Gray (J., 1933, 839) have shown that the phenylhydrazones of $-amino- 
ketones of type (I) can be converted into the isomeric pyrazolines (IT) : 


R-CH:CH-C-CH,-CH,"NR’,, HCl RCH-CH ; 
(I,) nee” allie Siti. Rin 92>C-CHy:CHyNR »HCl 11.) 


Considerable difficulty was encountered in several cases in isolating the pyrazoline as 
the hydrochloride (II), and even the isolation of the base sometimes failed, when glacial 
acetic acid was used as the isomerising agent (Auwers and Miiller, Ber., 1908, 41, 4232). 
It has now been found that n-hydrochloric acid or acetic acid diluted with five volumes 
of water or absolute alcohol readily brings about this change on warming for a short 
time. As a rule, the pyrazoline hydrochlorides separate readily, or on concentration of 
the solutions, although in a few cases it is necessary to isolate the pyrazoline as the base. 

The phenylhydrazones or substituted phenylhydrazones were formed by the action of 
substituted hydrazines on unsaturated ketones of the general formula (III), which were 
themselves obtained by Mannich and Schiitz’s method (Arch. Pharm., 1927, 265, 684) : 


R-CH:CH-CO-CH, SUCt*®*#S R.CH:CH-CO-CH,:CH,‘NR’,,HCl (1) > (L.) 


Benzylideneacetone and formaldehyde condensed with dimethylamine hydrochloride 
to give a ketone (III; R = Ph, R’ = Me); this with phenylhydrazine or p-tolylhydrazine 
gave hydrazones which were readily isomerised to pyrazolines. The phenylhydrazone, 
p-tolylhydrazone, and #-ethoxyphenylhydrazone of 1-piperidino-5-phenyl-A*-penten-3-one 
hydrochloride (III; R = Ph, NR’, = NC;H,,) (cf. Mannich and Schiitz, loc. cit.) have 
been prepared and converted into the isomeric pyrazolines. 

To examine the effect on the anesthetic activity of the size of the hydrocarbon 
residue attached to the extranuclear nitrogen atom of the pyrazoline molecule, anisylidene- 
acetone and formaldehyde were condensed with the hydrochlorides of dimethylamine, 
diethylamine, di-n-propylamine, di-n-butylamine, piperidine, and dibenzylamine. Un- 
successful attempts were made to carry out the same condensation with ditsopropylamine, 
tetrahydroquinoline, and ethylbenzylamine hydrochlorides. From the unsaturated 
8-amino-ketones so obtained, by condensation with phenyl- or #-tolyl-hydrazine, 
pyrazolines (II; R = -C,H,-OMe, NR’, = NMe,, NEt,, NPr., NBu,, or NC;Hj9, and 
R” = Ph or #-C,H,Me) were obtained by isomerisation. 

Pharmacological examination of the anesthetic action of these hydrochlorides by the 
rabbit’s cornea and human wheal methods (Sinha, Thesis, Edinburgh University, 1935 ; 
J. Pharm, Exp. Ther., 1936, 57, 199; and paper in preparation) indicated that the 
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greater the size, up to di-w-propylamino,* of the terminal secondary amino-group, the 
greater the activity and, to a lésser degree, the greater the toxicity. Two of the more 
potent anesthetics amongst: these compounds are compared with cocaine in the following 


table. 
Minimum effective 
local anzsthetic Minimum lethal dose 
concentration, %. intravenously injected 
¢ “s . to mice (expressed as 
Human Rabbit’s % of corresponding 
Drug, as hydrochloride. wheal. cornea. ’ dose of cocaine). 
0-25 100 
1-Pheny]-5-p-anisy]-3-8-piperidinoethylpyrazoline . 0-05 64 
1-Pheny]-5-p-anisyl-3-8-di-n-propylaminoethyl- 
pyrazoline 0-002 0-03 - 85 





The introduction of alkyl or alkoxy-groups into the phenyl radical in position 1 (II; 
R = Ph, NR’, = NC;Hj, R” = Ph, #-C,H,Me, or p-C,H,°OEt) slightly increases the 
activity (Sinha, loc. cit.). Alkoxy-groups (ethoxy) also increase the toxicity in this case. 
Attempts were made, therefore, to eliminate the phenyl group in position 1 with the 
object of decreasing the size of the molecule and, at the same time, probably the toxicity. 
Condensation of 1-piperidino-5-p-methoxyphenyl-A*-penten-3-one hydrochloride with 
hydrazine did not give the desired hydrazone, but a compound, which is probably a 
ketazine derived from two molecules of the ketone, was isolated as a succinate. The semi- 
carbazone, also, could not be isolated, but an oxime was obtained. The latter was 
hydrolysed by hydrochloric acid. 


EXPERIMENTAL. 

1-Dimethylamino-5-phenyl-A‘-penten-3-one Hydrochloride.—Benzylideneacetone (14-6 g.) 
and dimethylamine hydrochloride (8-2 g.) were dissolved in absolute alcohol (10 ml.), para- 
formaldehyde (3-2 g.) added, and the mixture boiled under reflux until it was homogeneous 
(15—20 mins.). Cooling and scratching caused the separation of a yellow solid, which 
crystallised from absolute alcohol (30 ml.) in white needles (6 g.), m. p. 157° (Found: Cl, 
15:1. C,3;H,,ON,HCI requires Cl, 148%). The amino-ketone hydrochloride (3 g.) was dissolved 
in alcohol (25 ml.; 95%), and phenylhydrazine (1-4 g.) and glacial acetic acid (1-5 ml.) added. 
After 12 hours yellow needles of the phenylhydrazone separated, m. p. 169° after crystallisation 
from 95% alcohol (Found: C, 69-5; H, 7:3. C,gH,,;N3,HCl requires C, 67-2; H, 7-3%). 
The ~-tolylhydrazone, prepared by an analogous method, formed bright yellow needles, m. p. 
173—175°; it was not very stable. 

1 : 5-Diphenyl-3-B-dimethylaminoethylpyrazoline Hydrochloride.—The crude phenylhydrazone 
from 2-7 g. of the above amino-ketone hydrochloride was boiled under reflux with glacial acetic 
acid (5 ml.) diluted with water (25 ml.). The clear solution obtained after some time was 
evaporated in a vacuum over sodium hydroxide and anhydrous calcium chloride. The pasty 
residue solidified when scratched and after two crystallisations from a very small quantity of 
absolute alcohol at 0° gave white needles, m. p. 176° (Found: Cl, 10-8. C,,H,,;N;,HCl requires 
Cl, 10-8%). 

5-Phenyl-1-p-tolyl-3-B-dimethylaminoethylpyrazoline hydrochloride, similarly obtained (from 
the p-tolylhydrazone of 1-dimethylamino-5-phenyl-A‘-penten-3-one hydrochloride, 4 g.) and 
similarly crystallised, formed white needles, which were washed with small quantities of 
absolute alcohol and dried; m. p. 177—178°. Yield, 1-45 g. (Found: Cl, 10-2. C,,H,,N;,HCl 
requires Cl, 10-3%). 

1 : 5-Diphenyl-3-8-piperidinoethylpyrazoline hydrochloride, similarly obtained from the 
phenylhydrazone of 1-piperidino-5-phenyl-A*-penten-3-one hydrochloride (Mannich and Schiitz, 
loc. cit.; cf. also Nisbet and Gray, /oc. cit.) (5 g.) and twice crystallised from absolute alcohol, 
formed white needles, m. p. 197° (Found : C, 67-8; H, 8-1; Cl, 9-05; N, 10-3. C,,H,,N;,HCl,H,O 
requires C, 68-2; H, 7:7; Cl, 9-05; N, 109%). 

The following compounds were prepared by methods essentially the same as those 


described above. 
1-Piperidino-5-phenyl-A‘-penten-3-one hydrochloride formed a p-tolyihydrazone, yellow 


* A di-n-butylamino-derivative has been prepared, but has not yet been subjected to pharmacological 
tests. 
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needles, m. p. 199°, from methyl alcohol (Found: C, 71-7; H, 7-6. C,3H,gN;,HCl requires 
C, 72:0; H, 7-65%), and a somewhat unstable p-ethoxyphenylhydrazone, yellow needles, m. p. 
172°, the isomerisation of which by boiling dilute acetic acid gave 5-phenyl-1-p-tolyl-3-B- 
piperidinoethylpyrazoline hydrochloride, warty masses, m. p. 212°, from hot water (Found : Cl, 
§-2. C,y3HgNs,HCl requires Cl, 9-25%), and 5-phenyl-1-p-ethoxyphenyl-3-B-piperidinoethyl- 
pyvazoline hydrochloride, almost white needles, m. p. 192—193°, from absolute alcohol (Found : 
Cl, 8-9. C,,H;,ON;,HClI requires Cl, 8-59%), respectively. 
1-Dimethylamino-5-p-anisyl-A‘-penten-3-one hydrochloride (from anisylideneacetone, 17-5 g.) 
separated from alcohol in colourless needles (17 g.), m. p. 155° (Found: Cl, 13-1; N, 5:4. 
C,,H,,0,N,HCl requires Cl, 13-1; N, 52%). The phenylhydrazone formed bright yellow 
needles, m. p. 135—137° (decomp.), unstable at the ordinary temperature, and the p-tolyl- 
hydrazone yellow needles, m. p. 170° (Found: N, 11-15. C,,H,,ON;,HCl requires N, 11-3%). 
1-Phenyl-5-p-anisyl-3-B-dimethylaminoethylpyrazoline hydrochloride crystallised from alcohol in 
white needles, m. p. 173° (Found: Cl, 9-85. C,)H,,ON;,HCl requires Cl, 9-9%), and 
1-p-tolyl-5-p-anisyl-3-8-dimethylaminoethylpyrazoline hydrochloride in white needles, m. p. 184° 
(Found: Cl, 9-5; N, 10-85. C,,H,,ON;,HCI requires Cl, 9-5; N, 11-3%). 
1-Diethylamino-5-p-anisyl-A‘-penten-3-one hydrochloride (from p-anisylideneacetone, 48 g., 
and diethylamine hydrochloride, 30-2 g., in absolute alcohol, 27 ml.; paraformaldehyde, 
8-8 g.) formed colourless crystals (48 g.), m. p. 146°, from alcohol (Found: Cl, 11-6. 
C,sH,30,N,HCI requires Cl, 119%). The phenylhydrazone formed yellow crystals, m. p. 171°, 
from alcohol (Found: N, 10-8. C,,H,,ON;,HCI requires N, 10-8%). 
1-Phenyl-5-p-anisyl-3-8-diethylaminoethylpyrazoline——The phenylhydrazone of 1-diethyl- 
amino-5-p-anisyl-A‘-penten-3-one hydrochloride (22 g.) was heated with glacial acetic acid 
(66 g.) and water (330 ml.) on the steam-bath for an hour, and the hot solution filtered, made 
alkaline with caustic soda, and cooled. The precipitated oil was extracted with ether, dried 
(sodium sulphate), and recovered (18 g.). Extraction with cold light petroleum left a residue 
of unchanged phenylhydrazone hydrochloride. The oil recovered from the light petroleum was 
distilled at 2 mm. and crystallised from light petroleum, giving pale yellow needles, m. p. 27° 
(Found: N, 12-3. C,,H,ON, requires N, 12-0%). The ¢artrate, obtained as a syrup by 
treating the base (10 g.) in solution in a small quantity of methyl alcohol with tartaric acid 
(2 g.) and removing the alcohol on the steam-bath, formed white crystals (8 g.), m. p. 80°, 
from acetone (Found: C, 67-1; H, 7-5; N, 9-8. C,,H,ON;,4C,H,O, requires C, 67-6; 
H, 7-5; N, 98%). 
1-Di-n-propylamino-5-p-anisyl-A‘-penten-3-one hydrochloride, obtained from anisylidene- 
acetone (48-1 g.), di-w-propylamine hydrochloride (61-5 g.), and paraformaldehyde (10-5 g.) 
by heating in alcoholic solution in the usual manner, formed colourless crystals (75-g.), m. p. 
150°, from alcoholic acetone (Found: C, 66-4; H, 8-6. C,gH,,O,N,HClI requires C, 66-4; H, 
86%). The phenylhydrazone. Phenylhydrazine (29 g.), added to a solution of the ketone hydro- 
chloride (61-2 g.) in hot alcohol, produced immediate crystallisation. Acetic acid (29 g.) 
dissolved in alcohol was added and after 15 minutes the crystals were collected and washed 
with alcohol. The product was refluxed with alcohol to remove traces of impurities, and the 
yellow crystalline phenylhydrazone so obtained (65 g.) was pure; m. p. 180° (Found: N, 10-0. 
C,,H;,ON;,HCl requires N, 10-1%). Its isomerisation was accomplished by heating 40 g. for 
1 hour on the steam-bath with acetic acid (120 g.) and water (600 ml.). The procedure 
described for the corresponding 8-diethylaminoethyl compound was then followed, the product 
separating from the light petroleum in pale yellow crystals (20 g.), m. p. 63°. 1-Phenyl-5-p- 
anisyl-3-8-di-n-propylaminoethylpyrazoline was obtained in colourless needles by distillation 
in a vacuum, followed by crystallisation from light petroleum (Found: C, 75-7; H, 9-0; 
N, 11-4. C,,H,,;ON, requires C, 75-9; H, 8-9; N, 11-1%). 
1-Di-n-butylamino-5-p-anisyl-A‘-penten-3-one Hydrochloride —A mixture of di-n-butylamine 
hydrochloride (36-8 g.), anisylideneacetone (39-0 g.), paraformaldehyde (11-0 g.), and 90% 
alcohol (70 ml.) was heated on the steam-bath for 75 minutes., A further quantity of para- 
formaldehyde (5 g.) was added, and heating continued for an hour. The solution was 
evaporated to small bulk and the crystals which formed were separated from a viscous syrup 
and washed with acetone-ether. Yield, 12-5 g.,m. p. 65—68°. Recrystallisation from acetone 
gave 6-7 g., m. p. 66—68° (Found: C, 63-9; H, 9-7. C,y9H3;,0,N,HCl requires C, 67-9; 
H, 905%). The phenylhydvrazone formed yellow crystals, m. p. 167—168° (Found: C, 70-2; 
H, 9-0. C,,H,,ON;,HCI requires C, 70-3; H, 8-6%). 
1-Phenyl-5-p-anisyl-3-B-di-n-butylaminoethylpyrazoline.—The above phenylhydrazone (5 g.) 
was heated on the steam-bath for 90 minutes with glacial acetic acid (12 ml.) and water 
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(50 ml.). The filtered solution was basified and extracted with ether. The crude base was a 
thick brown oil (4-2 g.), b. p. 265—267°/1 mm. The distillate began to crystallise after about 
6 months and then formed waxy crystals, m. p. 26—27°, very readily soluble in organic 
solvents, but insoluble in water (Found: N, 10-6. C,,H,;,ON, requires N, 103%). The 
tartrate, lactate, sulphate, and hydrochloride were syrups which did not crystallise. 

Phenylhydrazone of 1-Piperidino-5-p-anisyl-A‘-penten-3-one Hydrochloride.—To the ketone- 
base hydrochloride (14-75 g.) (Mannich and Schiitz, Joc. cit.), dissolved in warm alcohol (300 
ml.), were added phenylhydrazine (5-4 g.) and glacial acetic acid (5-4 g.). The solid obtained 
on cooling and standing overnight crystallised from alcohol in pale yellow needles, m. p. 188° 
(Found: N, 10-5. C,3;H,gON;,HCl requires N, 10-6%). 

1-Phenyl-5-p-anisyl-3-B-piperidinoethylpyrazoline.—The above phenylhydrazone (10 g.) was 
heated on the steam-bath for 25 minutes with glacial acetic acid (50 ml.). The solution was 
cooled, basified, and extracted with ether. After drying over sodium sulphate, removal of 
the ether gave an oil (8 g.), which separated from light petroleum in pale yellow crystals (4 g.), 
m. p. 88° (Found: C, 75-9; H, 8-2; N, 11-8. C,,;H,,ON; requires C, 76-0; H, 8-0; N, 116%). 

The isomerisation was also accomplished by heating the phenylhydrazone hydrochloride 
with acetic acid diluted with water or absolute alcohol; the hydrochloride of the base could 
then be isolated directly (see also below) or as the base by the procedure described above. 

Hydrochloride. The phenylhydrazone hydrochloride (m. p. 188°; 12 g.), heated on the 
steam-bath for $ hour with 110 ml. of n-hydrochloric acid, gradually changed into the 
colourless pyrazoline hydrochloride. -On cooling, a crystalline mass was obtained (12 g.). 
Recrystallised from boiling water, it formed colourless needles, m. p. 215° (Found: Cl, 8-9. 
C,3;H,,gON;,HCl requires Cl, 8-9%). 

Sulphate. 2-3 G. of the crystalline base (m. p. 88°) were treated with 5-7 ml. of n/10- 
sulphuric acid and dissolved in alcohol. On removal of the solvent a glassy solid remained. 
To this, benzene was added, and gradually distilled off until crystals began to separate; 
distillation was then stopped, and the solution allowed to cool. Crystals of the acid sulphate 
were collected and recrystallised from acetone; m. p. 172° (decomp.) (Found: S, 7-0. 
Cy3H,,ON;,H,SO, requires S, 6-9%). 

Tarivate. A neutral tartrate was obtained by dissolving the base (1 g.) in methyl alcohol 
and adding tartaric acid (0-2 g.). Evaporation of the solvent left a syrup, a solution of which 
in acetone deposited crystals on concentration; m. p. 115° (decomp.) (Found: C, 68-6; 
H, 7-5. Cg3H ON ;,4C,H,O, requires C, 68-5; H, 7-3%). 

The p-tolylhydrazone of 1-piperidino-5-p-anisyl-A‘-penten-3-one hydrochloride, obtained 
analogously to the phenylhydrazone described above, formed yellow needles, m. p. 176—177°, 
from methyl alcohol (Found: C, 70-1; H, 8-0. C,,H,;,ON;,HCI requires C, 69-65; H, 7-7%). 
Isomerisation with dilute acetic or hydrochloric acid gave white needles (from boiling water), 
m. p. 204°, of 1-p-tolyl-5-p-anisyl-3-8-piperidinoethylpyrazoline hydrochloride (Found: Cl, 8-5. 
C,,H,,ON;,HCI requires Cl, 8-6%). 

1-Dibenzylamino-5-p-anisyl-A‘-penten-3-one Hydrochloride.—Dibenzylamine hydrochloride 
(23-3 g.), anisylideneacetone (18 g.), paraformaldehyde (5 g.) and alcohol (54 ml.) were heated 
on the steam-bath for an hour. The crystals (m. p. 160—220°) which separated on cooling 
were collected and washed with alcohol and ether; the filtrate was evaporated and refiltered. 
The second crop (38-7 g.; m. p. 170—220°) was crystallised twice from alcohol and then gave 
colourless leaflets, m. p. 225—230° (decomp.) after sintering at 160° (Found: N, 4-25. 
Cy,H,30,N,HCI requires N, 33%. The nitrogen content is equivalent to admixture with the 
amino-ketone hydrochloride of 30% of unchanged dibenzylamine hydrochloride). 

Phenylhydrazone. A solution of the amino-ketone hydrochloride (10 g.), phenylhydrazine 
(3 g.), and glacial acetic acid (3 ml.) in warm alcohol (70 ml.) was kept; crystallisation began 
in a few minutes. After standing overnight, the yellow crystals were collected and washed 
with alcohol; yield, 7-5 g.; m. p. 235—240° (softening at about 190°) (Found : N, 8-4. 
C3,H,,ON;,HCl requires N, 8-2%). 

1-Phenyl-5-p-anisyl-3-B-dibenzylaminoethylpyrazoline (?).—A mixture of the above phenyl- 
hydrazone (32-9 g.), glacial acetic acid (70 ml.), and water (280 ml.) was heated on the steam- 
bath for 2 hours. The hydrochloride was converted into a thick brown oil. This was partly 
soluble in ether, and the ethereal extract was filtered, leaving some unchanged phenylhydrazone 
(identity confirmed by m. p.). The filtrate was evaporated, and the residue digested with 
concentrated hydrochloric acid; it then became almost completely ether-insoluble. It was 
washed with ether and warmed with 5n-sodium hydroxide, becoming almost completely ether- 
soluble again. The ethereal extract was treated with charcoal and evaporated, leaving a 
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thick brownish-red syrup, which slowly set to a vitreous solid. It distilled apparently 
unchanged, b. p. 300—310°/1 mm., giving a thick, light brown oil, which did not crystallise. 
It was insoluble in acetic, sulphuric or tartaric acid. 

Action of Hydrazine on 1-Piperidino-5-p-anisyl-A‘-penten-3-one Hydrochloride.—Hydrazine 
sulphate (13 g.) and the ketone hydrochloride (30 g.) in alcohol (100 ml.) were heated on the 
steam-bath, and sodium bicarbonate (25-2 g.) added; after 3—4 hours, the solution was 
cooled, made alkaline with sodium hydroxide, and extracted with ether. After drying, 
removal of the ether gave a syrup, which deposited a resinous solid. (Use of hydrazine 
hydrate or acetate in place of the sulphate gave a similar product.) The oil decanted from 
the resin was dissolved in alcohol and neutralised with succinic acid. On concentration, 
crystals separated, which were recrystallised from acetone; m. p. 137°. The salt had an acid 
reaction and was soluble in water (Found: N, 7-1; succinic acid, by titration, 30-3. The 
true hydrazone succinate, C,,H,,ON;,C,H,O, requires N, 7-9; succinic acid, 226%. The 
succinate isolated is thus obviously not that of the required hydrazone; it may be that of 
the ketazine, CzgH,gO,.N,,2C,H,O,, which requires N, 7-2; succinic acid, 30-3%). 

1-Piperidino-5-p-anisyl-A*-penten-3-one Oxime Hydrochloride.—The keto-base hydrochloride 
(5 g.), hydroxylamine hydrochloride (1-1 g.), and sodium bicarbonate (1-6 g.) were dissolved 
in aqueous alcohol and heated under reflux on the steam-bath for 2 hours. The solution was 
then neutralised with hydrochloric acid and concentrated. On cooling,. the Aydrochloride 
(2-6 g.), m. p. 208°, was obtained (Found: Cl, 10-9. C,,H,,O,N,,HCl requires N, 10-9%). 
The base was obtained directly from another preparation. After 2 hours’ heating, the 
solution was evaporated to dryness in a vacuum, and the residue extracted with hot absolute 
alcohol; on cooling, crystals (3 g.), m. p. 166°, separated (Found: C, 70-7; H, 8-7; N, 9-9. 
C,,H,,0,N, requires C, 70-8; H, 8-3; N, 9-7%). The hydrochloride and the sulphate were 
sparingly soluble, but a neutral solution of a lactate was obtained by neutralisation with lactic 
acid. 

Hydrolysis. The oxime (0-5 g.) was heated on the steam-bath with concentrated hydro- 
chloric acid, the solution evaporated to dryness, and the residue crystallised from alcohol and 
then from acetone. Colourless crystals, m. p. 184°, identical with 1-piperidino-5-p-anisyl-A‘- 
penten-3-one hydrochloride were obtained. 


The author thanks Dr. F. L. Pyman, F.R.S., for his interest in this work and for gifts of 
chemicals, and Dr. H. Barnes and Dr. A. P. T. Easson for help with the practical work. 


Heriot Watt CoLLeGE, EDINBURGH. (Received, June 17th, 1938.] 
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The Molecular Weight of Fichtelite. By Dorotuy CrowFoor. 


FICHTELITE was discovered as colourless crystals in a peat bog by Bromeis (Amun. Pharm., 
1841, 87, 304), who showed that it was a simple hydrocarbon, although he classified it as a 
mineral or “ fossil resin.’’ Its close structural relationship to the terpenes and particularly 
to abietic acid was suggested by the work of Ruzicka, Balas, and Schinz (Helv. Chim. Acta, 
1923, 6, 692), who found that on dehydrogenation with sulphur it was converted into retene. 
The elementary analysis of fichtelite supports the formula C,,H,, but does not exclude C,,H,,. 
In the first case the most probable structure for fichtelite is that of a simple reduced retene 
derivative (I). In the second, the molecule must contain an angle methyl group, lost on de- 
hydrogenation, and may probably be assigned the structure (II) by analogy with abietic acid. 
This possibility is supported by the isolation of methane among the dehydrogenation products 
of fichtelite by Ruzicka and Waldmann (Helv. Chim. Acta, 1935, 18, 611). 


Me Me 
(1.) (II.) 
CHMe, Mel  \cHMe, 
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At the suggestion of Dr. Rosenheim I have carried out an X-ray examination of crystals 
of fichtelite (m.p. 46°) kindly given me by Professor Ruzicka. The results of the molecular 
weight determination exclude the formula C,,H;,, and therefore structure (I), and agree very 
well with the requirements of structure (II). , 

The crystals are described by Groth (‘‘Ghemische Krystallographie,” V,.p. 436), who 
records a number of previous crystallographic examinations. They are monoclinic prisms 
or thick plates, showing {001} dominating and elongated along [010]. The axial ratios are 
given by Groth as a:b:c = 1-433: 1: 1-756; 68 = 126° 57’; though Rosati’s measurements 
(Atti R. Accad. Lincei, 1911, 20, II, 212) show that there are small deviations in these constants 
among crystals obtained from different sources. The plane of the optic axes is (010) with « 
inclined at about 8° to (001) towardsc. The birefringence is negative and the refractive indices 
have been measured by Plzak and Rosicky (Z. Krist., 1908, 44, 332) as a = 1-544, 8 = 1-572, 
y = 1-598. There is a general similarity to certain types of sterol crystal (cf., for example, 
Bernal and Crowfoot, Trans. Faraday Soc., 1933, 29, 1032) and this is borne out by the unit 
cell dimensions determined by the X-ray method: a= 1069+ 0-03, b= 7-45 + 0-01, 
c= 13-10a., 8 = 127° 5’ + 5’, c sin B = 10-45 + 0-02a. Space group P2,, »=2. The 
axial ratios calculated from these dimensions are a:b:c = 1-435: 1: 1-758, in good agree- 
ment with those given above. On the strength of the X-ray determination, the optics and the 
conventions previously employed in the description of sterol crystals one would, however, prefer 
to assign a different 8 angle with consequent change in the cell dimensions to a = 10-69, b = 
7-45, c = 10-84.4., B = 105° 24’. 

For the molecular weight determination the crystal density was measured by flotation in 
aqueous solutions of sodium chloride and of zinc sulphate, a centrifuge being used to hasten 
equilibrium. The value found was 1-045 + 0-003 (somewhat higher than that of 1-01 given by 
Plzak and Rosicky). From this density and the above unit cell dimensions, and on the assump- 
tion of the presence of only the two molecules in the cell required by the symmetry, the molecular 
weight of fichtelite is calculated as 264 + 4, in good agreement with the theoretical value, 
262, required by the formula C,,H;,. This formula also agrees well (as does C,,H;,) with the 
molecular refractivity previously calculated by Neuhaus (Ber., 1934, 67, 1627) from the crystal 
refractive indices. 

At this stage it is not possible to derive much more information from the preliminary 
X-ray examination in support of formula (II) for fichtelite. From the optic orientation and 
the general intensities of the X-ray reflections one may deduce the presence of roughly lath- 
shaped molecules placed with their lengths nearly normal to (001), along y, and thickness in 
(110), which gives a very strong X-ray reflection. The dimensions of such molecules agree 
roughly with those required by either formula (I) or (II). But their arrangement, added to 
the low crystal density, is perhaps additional evidence in favour of the presence of a tertiary 
methyl group.—DEPARTMENT OF MINERALOGY, OxForRD. [Received, July 7th, 1938.) 





The Estimation of Isomeric Nitrobenzoic Acids. By B. FLUrscuHEmm and E. L. Hoimes. 


To estimate the isomerides in a mixture of nitrobenzoic acids, we (J., 1928, 448) reduced it 
with titanous chloride (Knecht and Hibbert, Ber., 1907, 40, 3819), then brominated the amino- 
acids so as completely to eliminate carboxyl in the o- and p-acids, separated alkali-insoluble 
tribromoaniline from alkali-soluble tribromo-m-aminobenzoic acid, and weighed these. This 
gave accurate results, whereas Francis and Hill’s titrimetric estimation of the bromine con- 
sumed in partial bromination (J. Amer. Chem. Soc., 1924, 46, 2498) did not. 

Ingold and Smith (this vol., p. 908), employing, mot our method of separating and weighing 
the bromo-compounds formed, but Francis and Hill’s method of titrating the bromine con- 
sumed, and having obtained poor results in the absence of a stable end-point of titration, 
proceeded to conclude that “‘ the Francis—Fliirscheim method of estimating nitro-compounds 
has not yet been described in a form to give results of high accuracy.’”’ Neither this con- 
clusion, nor the description of our method as the “ Francis—Flirscheim ” method, can be 
accepted. Indeed it would be impossible to combine a titration of consumed bromine with 
our procedure (whereby all three isomerides take up three atoms of bromine) for the purpose 
for which our method was worked out, viz., to determine the percentages of m- and of 
(o + p)-isomerides.—[Received, July 12th, 1938.] 
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The Stability of the Formic Acid Dimer. By E. A. MoELwWyN-HUGHEs. 


TueE following calculations have been made to see how far the stability of one of the best-known 
intermolecular complexes can be understood in terms of elementary electrostatic consider- 
ations. In the formic acid dimer, the separation (ro, 9) between the two oxygen atoms which 
form the hydrogen bond (Latimer and Rodebush,'J. Amer. Chem. Soc., 1920, 42, 1419) is known 
to lie within the limits 2-55 and 2-85 a. (Brockway and Taylor, Ann. Reports, 1937, 34, 213). 
Denoting the C—O bond of one molecule by A and the O—H bond of the second molecule by B, 
and accepting the usual values for the bond lengths (/4 = 1-16; Jz = 0-96 a.), dipole moments 
(u4 = 25; wz = 1-6D.), and O—C—OH valency angle (125° 16’), we can show that, polarisation 
effects being neglected, the distance (r4,) of the lines joining the centres of the attracting 
dipoles, and the angles (6, and 0g) which they make with it, have the following values : 

2-55 

2-39, 

50° 12’ 

12° 26’ 

— 6570 
The last row gives the contribution of the dipole-dipole interaction to the energy of formation 
of the single bond, calculated as follows : 


U = — 2Nopausz Cos 04 cos 02/r°(1 — /?/r*) 
The results are sufficiently near to the experimental value of AH, which is — 7060 cals./bond 


(Coolidge, J. Amer. Chem. Soc., 1928, 50, 2166), to show the relevance of electrostatic effects 
(Moelwyn-Hughes and Sherman, J., 1936, 101).—[Received, May 31st, 1938.] 





Interaction between Anthracene and Succinic Anhydride. By ERNST BERGMANN 
and (Miss) A. WEIZMANN. 


Cook and Rosinson recently reported the synthesis of 1’-methyl-1 : 2-benzanthracene, starting 
with anthracene and succinic anhydride (this vol., p. 505). We had performed the same 
synthesis up to the intermediate 1’-keto-1’ : 2’ : 3’ : 4’-tetrahydro-1 : 2-benzanthracene (which 
we obtained by means of phosphoric oxide instead of anhydrous stannic chloride), but, as the 
above condensation and reduction of the keto-acid formed had been described before by Fieser 
and Peters (J. Amer. Chem. Soc., 1932, 54, 4355),* we did not publish our results, which are 
in excellent agreement with the data given by Fieser and Peters and by Cook and Robinson. 

A few additional observations may be of interest. For recrystallisation of §-2-anthroyl- 
propionic acid, we used butyl acetate. The ethyl ester of the acid had m. p. 138—140° after 
recrystallisation from benzene-light petroleum (Found: C, 78-1; H, 5-8. C,y9H,,0, requires 
C, 78-4; H, 5-9%). 

When the butyl acetate mother-liquor was evaporated nearly to dryness, and the residue 
extracted with boiling light petroleum (b. p. 80—100°), a part dissolved and was obtained, on 
cooling, as yellowish prisms, which had m. p. 125° after recrystallisation from alcohol and 
were, according to analysis, the isomeric B-l-anthroylpropionic acid (Found: C, 77-9; H, 5-0. 
C,,H,,0O, requires C, 77-7; H, 5-0%). Simultaneous substitution in both the l- and the 
2-position of anthracene has been observed in the analogous synthesis of acylanthracenes 
(I.G. Farbenindustrie A.G., Chem. Zenir., 1928, I, 2209; 1930, I, 2630; compare Waldmann 
and Marmorstein, Ber., 1937, 70, 106). 

The orientation of the §-2-anthroylpropionic acid was proved by its synthesis from 2-bromo- 
acetylanthracene and ethyl sodiomalonate. 2-Acetylanthracene (1-5 g.) was suspended in 
anhydrous ether (60 c.c.), and bromine (0-5 c.c.; excess) added at 0°; reaction occurred at 
once. After 5 minutes, unchanged material (0-65 g.) was removed; from the filtrate, after 
some minutes, a greenish precipitate separated, which was collected and recrystallised several 
times from ethyl acetate, forming yellow needles, m. p. 155° (Found: C, 63-7; H, 3-6. 
C,,H,,OBr requires C, 64-0; H, 3-7%). This substance was condensed with ethyl sodio- 


* Note by J. W. Cook.—In reporting our synthesis of 1’-methyl-1 : 2-benzanthracene Mrs. Robinson 
and I omitted to mention the prior work of Fieser and Peters on the preparation of f-2-anthroyl- 
propionic acid and y-2-anthrylbutyric acid. We regret this oversight and are glad to take this 
— kindly afforded by Dr. Bergmann to acknowledge the priority of Fieser and Peters. 

M 
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malonate (prepared from sodium and ethyl malonate in dry toluene), and the product 
hydrolysed by means of methyl-alcoholic potassium hydroxide. The small amount of acid 
thus obtained was shown by the method of mixed m. p. to be identical with the product 
(m. p. 222°) obtained from anthracene and succinic anhydride. 

When a larger excess of bromine (1 c.c. instead of 0-5 c.c.) was used, a tribromo-compound 
(presumably 9: 10-dibromo-2-bromoacetyl-9 : 10-dihydroanthracene) was obtained, which 
crystallised from benzene in yellow needles, m. p. 162° (Found: C, 42-1; H, 2-1. C,,H,,OBr, 
requires C, 41-9; H, 2.4%). Both bromination reactions gave poor yields. 

Experiments to synthesise 2-halogenoacetylanthracenes directly have so far failed, 
anthracene and chloroacetyl chloride giving +: y-bischloroacetylanthracene. Chloroacetyl 
chloride (50 g.) was added gradually to a well-stirred mixture of anthracene (35-6 g.), tetra- 
chloroethane (200 c.c.), and aluminium chloride (75 g.) at 0°. The mass was kept at room 
temperature for 12 hours and decomposed with ice and concentrated hydrochloric acid: a 
bischloroacetylanthracene (2 g.) separated spontaneously; after recrystallisation from ethyl 
malonate and toluene it formed prisms, m. p. 205° (Found: C, 65-6; H, 3-5. C,,H,,0,Cl, 
requires C, 65:3; H, 3-6%). From the tetrachloroethane layer, nothing definite could be 
isolated.—THE DANIEL SIEFF Reszance INSTITUTE, REHOVOTH, PALESTINE. ([Received, May 


21st, 1938.) 





235. Polysaccharides. Part XXVII. The “ End-group” Method as 
applied to Cellulose. 


By F. J. AVERILL and S. Prat. 


A study of the “end-group” method for determining the molecular size 
of polysaccharides shows that the accuracy claimed for it by Haworth and Machemer 
has not been over-estimated and that the criticism of Hess and Neumann is without 
foundation. On the other hand, it has been found impossible to substantiate the 
claims made by the latter authors for an alternative method of separating tetramethyl 
methylglucoside from trimethyl methylglucoside which involves the conversion of 
the latter substance into an ether-insoluble barium phosphate derivative. 


By the estimation of the proportion of tetramethyl glucose liberated when a methylated 
cellulose was hydrolysed, Haworth and Machemer (J., 1932, 2270) were able to determine 
a lower limit for the molecular size of the cellulose. This “‘ end-group ”’ method has been 
employed subsequently in the elucidation of the structures of other polysaccharides, 
including starch and glycogen of various origins, xylan, mannan, inulin and levan, and 
in no case has occasion arisen to doubt the validity of the method. In the original work 
of Haworth and Machemer, on the basis of an analysis of artificial mixtures of tetramethyl 
and trimethyl glucoses, the correction to be applied for experimental loss was estimated 
as 10%. 

Obviously, this correction factor will vary with the proportion of tetramethyl glucose 
present and the work described here was undertaken in the first place to determine the 
experimental loss at various concentrations (ranging from 1% to 0-1%) of tetramethyl 
glucose in trimethyl glucose when artificial mixtures of these compositions were submitted 
to the procedure of Haworth and Machemer. 

Meanwhile, Hess and Neumann (Ber., 1937, 70, 710) have criticised the method of 
fractional distillation employed by Haworth and Machemer for the separation of tetra- 
methyl methylglucoside on the basis of their own failure to repeat the estimations made 
by the latter authors. 

The experiments described here show that the separation of tetramethyl methylglucoside 
can be adequately effected by fractional distillation. Mixtures of tetramethyl glucose 
and 2:3: 6-trimethyl glucose were prepared in the specified proportions from pure 
recrystallised specimens of each sugar. Preliminary separation was achieved by chloro- 
form extraction from an aqueous solution of the mixture and the extracted material, after 
conversion into the glucosides, was fractionally distilled from a Widmer flask. In each case, 
the first fraction contained the bulk of the tetramethyl methylglucoside. The recovery 
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of the tetramethyl glucose effected by the Haworth and Machemer method at each 
concentration is summarised as follows : 


Mixtures of Tri- and Tetra-methyl Glucoses. 


% Tetramethyl glucose in mixture ............ 1-05 0-216 0-132 0-106 
% Tetramethyl glucose found ..............+4+ 0-93 0-142 0-082 0-056 
YH RECOVETY ....cecccccscccvccccccccccscscccocccocooes 89 66 62 53 


A curve drawn from these figures indicates that at the concentration of tetramethyl glucose 
found by Haworth and Machemer (0-5%) the correction to be applied for experimental 
loss is in fact very nearly 10%. It is further to be observed that the applicability of the 
method extends to much lower concentrations of tetramethyl glucose than are usually 
obtained in the hydrolysates of methylated cellulose. For instance, tetramethyl glucose 
was detected with certainty in admixture with one thousand times its weight of trimethyl 
glucose. 

One of the mixtures, that containing 1 part of tetramethyl glucose to 750 parts of 
trimethyl glucose, was treated first with glacial acetic acid and hydrochloric acid under the 
conditions employed for the hydrolysis of methylated cellulose. From this mixture a 
small amount of methy! levulate was isolated as a first fraction in the subsequent distil- 
lation of the glycosides. 

Neumann and Hess, rejecting the method of fractional distillation, have sought to 
separate mixtures of tri- and tetra-methyl glucose by an alternative procedure. This 
method (Ber., 1937, 70, 721) exploits the possibility of introducing a phosphate group 
into the molecule of trimethyl methylglucoside and of extracting the tetramethyl methyl- 
glucoside with ether from the barium salt of trimethyl methylglucoside phosphate. These 
authors claimed to be able by these means to separate a mixture containing only 0-05% of 
tetramethyl methylglucoside. The method requires that the conversion of the trimethyl 
methylglucoside into a non-volatile derivative should be quantitative and it would be a 
matter of some surprise if this should be so. We had previously attempted without 
success to effect a quantitative conversion of trimethyl methylglucoside into the phosphate 
and when the details of the method of Neumann and Hess became available we repeated 
their work, using a mixture of glucosides containing 0-1% of tetramethyl methylglucoside. 

We have been unable to substantiate the claim of Neumann and Hess as to the accuracy 
of this method. The figures given in the experimental section show that the tetramethyl 
methylglucoside even after distillation over metallic sodium contains a relatively large 
proportion of trimethyl methylglucoside. 


EXPERIMENTAL. 


The Estimation of Tetramethyl Glucose in the Presence of Trimethyl Glucose.—The procedures 
adopted with three of the four artificial mixtures were identical and will be described in full for 
one only. The materials used were 2 : 3 : 6-trimethyl glucose, purified by four recrystallisations 
from ether—methyl alcohol mixtures, and pure recrystallised tetramethyl glucose. The fourth 
mixture (1 : 750) was submitted to a modified treatment (see below). 

Concentration 1 in 500. Tetramethyl glucose (0-2025 g.) was mixed with trimethyl glucose 
(100 g.), and the mixture dissolved in water (700 c.c.). This solution was extracted 15 times 
with chloroform (total volume, 1 1.), and the combined extracts concentrated to a syrup (2-55 g.) 
(A). The latter was boiled for 7 hours with 2% methyl-alcoholic hydrogen chloride (200 c.c.), 
and the solution neutralised with silver carbonate, filtered, and concentrated to a syrup, which 
was then distilled from a Widmer flask at a pressure of 0-008 mm. The following fractions 
were collected : 


Fraction. Bath temp. Weight (g.). Np (temp.). OMe, %. 
la 115° 0-054 1-4440 (21°) 56-6 
2a 118 0-170 1-4522 (21°) 53-4 
3a 118 0-188 1-4550 (20°) —_ 
4a 118 0-476 1-4560 (20°) 52-1 


From these figures it was estimated that fractions la, 2a, and 3a contained together 0-108 g. of 
tetramethyl methylglucoside. 
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The aqueous solution left after the chloroform extraction was concentrated to 200 c.c. 
and again extracted with chloroform (6 times, total volume 270 c.c.). The extracted syrup (B) 
was converted into glucosides (9-5 g.) in the manner described, and the latter fractionally 


distilled at 0-02 mm. pressure : 


Fraction. Bath temp. Weight (g.). n> . 
lb 112° 0-130 1-4540 
2b 112 0-690 1-4558 


It was estimated that fractions 1b and 2b contained together 0-034 g., making the total recovery 
of tetramethyl methylglucoside to be 0-142 g. This corresponds to a 66% recovery of the 


tetramethyl glucose added. 
Concentration 1 in 100. Tetramethyl glucose (1-000 g.) was mixed with trimethyl glucose 
(100 g.). The extracts A and B were combined, converted into the glycosides, and fractionated 


at 0-04 mm. pressure : 


Fraction. Bath temp. Weight (g.). ne. OMe, %. 
1 140° | 0-458 1-4425 61-1 
2 148 0-585 1-4490 a 
3 150 0-948 1-4540 —_— 
4 150 0-865 1-4565 51-9 


From these figures the yield of tetramethyl methylglucoside was calculated to be 0-941 g., 
corresponding to a recovery of 89%. 

Concentration 1 in 1000. Tetramethyl glucose (0-1650 g.) was mixed with 165 g. of 
trimethyl glucose, and the mixture submitted to the above process. Again extracts A and B 


were united : 


Fraction. Bath temp. Weight (g.). Ny (temp.). OMe, %. 
1 120—125° 0-128 1-4465 (20°) 57-5 
2 pe 0-404 1-4560 (19°) — 
3 a 0-521 1-4560 (19°) 51-6 


It was estimated that fraction 1 contained 0-0931 g. of tetramethyl methylglucoside, corre- 
sponding to a recovery of 53%. 

Concentration 1 in 750. The procedure was varied here in that tetramethyl methylglucoside 
(0-22 g.) was used in admixture with the crystalline trimethyl glucose (167 g.) and the mixture 
was submitted to a preliminary treatment with glacial acetic acid (1500 c.c.) and 10% hydro- 
chloric acid (1500 c.c.) under the conditions adopted for the hydrolysis of methylated cellulose. 
The product was then isolated in the manner described for other artificial mixtures. The 
extracts A and B after conversion into the glucosides were separately distilled at 0-005 mm. : 


Fraction. Weight (g.). n>. OMe, %. 
la 0-142 1-4275 26-3 
2a 0-255 1-4515 54-0 
3a 0-242 1-4552 51-5 
4a 0-650 1-4565 51-2 
1b 0-394 1-4555 51-3 
2b 0-583 1-4560 51-1 


Fraction la consisted of methyl levulate. It was estimated that fractions 2a, 3a, and 1b 
contained respectively 0-098, 0-024, and 0-015 g. of tetramethyl methylglucoside. Total, 
0-137 g., corresponding to a recovery of 62%. ; 

Attempted Separation of Tri- and Tetra-methyl Methylglucosides by the Action of Phosphorus 
Oxychloride —I. A mixture of trimethyl methylglucoside (14 g.) and tetramethyl methyl- 
glucoside (2-6 g.) was dissolved in dry pyridine (65 c.c.) and to the solution was added slowly 
phosphorus oxychloride (13 c.c. = 1-2 mols.) dissolved in dry pyridine (100 c.c.). The mixture 
was kept at room temperature for 12 hours, cooled in an ice-salt mixture, and diluted with water 
(20 c.c.). After neutralisation with barium hydroxide solution, the mixture was concentrated 
to dryness, and the solid residue extracted three times with ether (total volume, 750 c.c.). 
Concentration of the extract left a syrup (3-8 g.), which was distilled at 0-01 mm. pressure. 
Two fractions were obtained, the first containing tetramethyl methylglucoside (1-41 g.) and the 
second consisting of unchanged trimethyl methylglucoside. 

II. The separation was repeated, trimethyl methylglucoside (17-5 g.) and tetramethyl 
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methylglucoside (1-4 g.) being used with 2-5 mols. of phosphorus oxychloride (34 c.c.). Again 
a considerable amount of unchanged trimethyl methylglucoside was obtained. 

III. The experiment was repeated as under II and rigorous precautions were observed to 
keep the temperature throughout at — 10°. Again quantitative separation was not achieved. 

IV. The method of Neumann and Hess. An attempt was made to separate a mixture of 
trimethyl methylglucoside (5-1 g.) and tetramethyl methylglucoside (48-2 mg.; nj” 1-4430) by a 
strict adherence to the conditions prescribed by Neumann and Hess (loc. cit.). The mixture was 
dissolved in pyridine (15 c.c.) which had been dried by distillation from barium oxide. The 
solution was cooled to — 20°, treated with a mixture, similarly cooled, of phosphoryl! chloride 
(2-5 c.c., distilled over calcium carbonate) and dry pyridine (20 c.c.), and kept in the cooling 
bath for 30 minutes and then at room temferature for 12 hours. Thereafter 5 c.c. of aqueous 
pyridine (20% water) were slowly added, and the acid solution shaken with finely powdered 
barium hydroxide (30 g.). The excess of barium hydroxide was removed by precipitation 
with carbon dioxide, the filtered solution evaporated to dryness, and the dry residue extracted 
three times with cold acetone (300 c.c.). The addition of ether (1000 c.c.) and light petroleum 
(1000 c.c.) to the acetone solution precipitated the barium salt, which was removed by filtration, 
and the filtrate was concentrated to dryness in the flask of the distillation apparatus. The 
residue in the flask was a syrup (1-46 g.), which was dissolved in benzene and heated under 
reflux for 1 hour with freshly-cut sodium. The benzene was then distilled off at atmospheric 
pressure, and the residual mixture of syrup and metallic sodium submitted to distillation at a 
pressure of 0-02 mm. and a bath temperature of 60—70°. The distillation apparatus was of 
the same design as the larger of the two types used by Neumann and Hess (loc. cit., Fig. 2, p. 723). 
The relative dimensions of the parts of this apparatus were observed in the design used by us, 
although we reduced the absolute scale, since the scale given by Hess and Neumann in Fig. 2 
is such that the reflux condenser (and the attached collecting boat) is too heavy and too 
unwieldy for accurate weighing. 

The water-cooled receiver was weighed at intervals of 6 hours, the condenser being dried 
before each weighing by running acetone through it, followed by pre-heated air. The weight 
of distillate collected in the boat was as follows : 





Ties Bat) ncccccccceescccccocsvescccseocoseces 6 12 18 24 30 
Weight of distillate (mg.) .............+0+6. 14-50 32-31 49-17 68-86 79-71 


It is seen that after 18 hours, the distillate weighs more than the whole of the tetramethyl 
methylglucoside (48-2 mg.) originally present. Analysis of the distillate collected after 30 hours 
showed the undoubted presence in it of trimethyl methylglucoside (Found: C, 51-9; H, 8-2; 
OMe, 55-2. Calc. for C,,H,,0,: C, 52-8; H, 8-8; OMe, 62-0%. Calc. for CygH,O0,: C, 50-9; 
H, 8-5; OMe, 52-6%). 


The authors are grateful to Professor W. N. Haworth, F.R.S., for his interest in the progress 
of this work. 


A. E. Hitts LABORATORIES, 
UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, June 8th, 1938.] 





236. Polysaccharides. Part XXVIII. The “‘ End-group”’ Method as 
applied to Starch. An Improved Method for the Estimation of Tetra- 
methyl Glucose in Admixture with Trimethyl Glucose. 


By E. L. Hirst and G. T. Youne. 


A detailed study has been made of the accuracy of the method developed by 
Haworth and Machemer for the evaluation of tetramethyl glucose in the presence of 
trimethyl glucose. It is shown that, under the conditions adopted for chain-length 
determinations of methylated starch by the end-group method, accurate estimates of 
the proportions of tetramethyl methylglucoside can be made by fractional distillation 
of the mixed glucosides. A modification of the procedure is now proposed which 
renders the fractional distillation method still more accurate and increases its range of 
application. 













1248 Hirst and Young: Polysaccharides. Part XXVIII. 


In a recent paper Hess and Lung (Ber., 1938, 71, 815) have criticised the value given by 
Hirst, Plant, and Wilkinson (J., 1932, 2375) for the yield of tetramethyl glucose obtained on 
hydrolysis of methylated amylose and methylated amylopectin from potato starch. In 
carrying out the estimation we used the simple and direct method developed by Haworth 
and Machemer (J., 1932, 2270). This depends on the fractional distillation of the mixture 
of tetramethyl methylglucoside and trimethyl methylglucoside obtained after the hydrolysis 
of methylated starch. Control experiments with artificial mixtures of the pure sugars have 
proved on many occasions (see, for example, Haworth and Machemer, loc. cit.; Haworth, 
Hirst, and Isherwood, J., 1937, 577) that when carried out in the prescribed manner on 
mixtures containing between 1% and 10% of tetramethyl glucose (the range of special 
interest for the present paper) the method is sufficiently accurate to account for 90—95% 
of the total amount of tetramethyl glucose present. These control experiments furnish 
a stringent test of the utility and accuracy of the analytical methods used and in consequence 
we regard Hess’s criticism of our manner of estimating tetramethyl glucose as unjustified. 


Fic. 1. 
Mixtures of tetramethyl a-methylglucoside and tetramethyl B-methylglucoside. 
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We have recently been engaged on a further study of the fractional distillation method 
with the view of rendering it still more widely applicable in chain-length determinations. 
Under the conditions normally adopted, the mixed glucosides of the two sugars have been 
allowed to reach equilibrium with respect to their «- and 6-forms during the formation of 
the glucosides. In these circumstances there is no difficulty in achieving, by refractive 
index measurements alone, the degree of accuracy obtained in the control experiments 
mentioned above, and the estimated experimental error in terms of chain length is + 3 
units in a chain length of 25 units. Additional evidence in support of this view is derived 
from the work now described. 

If, however, glucoside formation is arrested before equilibrium is reached, there may be 
present an excess of the $-forms of the mixed glucosides, which have lower refractive 
indices and lower boiling points than those of the corresponding «-isomerides, and in such 
a case the use of refractive index measurements pertaining to the equilibrium mixtures 
would lead to less accurate estimates of the proportion of tetramethyl glucose present, the 
estimated values tending to. be higher than the real ones. We have now found that the 
difficulty can be overcome by measuring both the specific rotation and the refractive index 
at frequent intervals during the fractional distillation. When pure tetramethyl methyl- 
glucoside is being collected, the successive portions of the distillate will have n}*"/[«], values 
which fall on the line in Fig. 1. Again, when the distillate is pure trimethyl methyl- 
glucoside, the #}"/[«], values must fall on the line of Fig. 2, but when both substances are 
- present in the distillate its nj" /[«], values will not fall on either line. It is possible, there- 
fore, to detect with accuracy the precise points during the distillation: (A) at which the 
collection of pure tetramethyl methylglucoside ceases and (B) at which collection of pure 
trimethyl methylglucoside commences. The identity and purity of the fractions containing 
only tetramethyl methylglucoside can be established by reference to Fig. 1, with further 
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checks provided by the methoxyl content and the yield of crystalline tetramethyl glucose 
obtained on hydrolysis. Control experiments have demonstrated that the point (B) can 
be determined with ease and that there is no difficulty in evaluating the composition of 
the intermediate fractions containing both sugars, when the a- and @-forms of the 
glucosides are present in such proportions that all the fractions are strongly dextrorotatory 
(equilibrium mixtures). In these circumstances, which are the usual ones met with in 
chain-length determinations, the ul" value for the «$-mixture of tetramethyl methyl- 
glucosides present in the intermediate fraction does not differ appreciably from 1-4445. 
The refractive index of the mixed trimethyl methylglucosides distilling at point (B) is very 
close to 1-4580 under these conditions and it has been shown that with equilibrium mixtures 
there can be little variation in the latter figure throughout the period when the tetramethyl- 
and the trimethyl-methylglucosides are distilling together. These observations provide 
strong confirmation of the accuracy of the method hitherto adopted. 


Fic. 2. 
Mixtures of 2: 3: 6-trimethyl a-methylglucoside and 2: 3 : 6-trimethyl B-methylglucoside. 
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Even in the above favourable circumstances the measurement of rotation values is 
desirable in that a further check is thereby provided, but when the conditions of glucoside 
formation give rise to mixtures containing excess of the 6-glucosides the use of rotations 
to supplement refractive indices becomes essential. A particularly difficult case—the 
most extreme we have been able to devise—is described in the experimental section in order 
to present a comparison between the scope of the old method and that of the revised 
procedure now suggested, but it is to be remembered that in practice a mixture so rich in 
8-forms is not likely to be encountered. The method adopted in calculating the composition 
of the fractions is best described by reference to the actual figures and is given fully in the 
experimental section. The results show that accurate estimates of the amount of tetra- 
methyl glucose can be made with such £-rich mixtures even when only small quantities of 
material are used for the fractional distillation. 

By comparison with our method that of Hess and Neumann (Ber., 1937, 70, 710) is 
lengthy and complicated and is subject to deficiencies recognised by Hess and his 
collaborators, such as the incompleteness of the phosphorylation of the trimethyl methyl- 
glucoside and the loss of tetramethyl methylglucoside during the evaporation of its 
solution in light petroleum (Leckzyck, Ber., 1938, 71, 829). But the main potential source 
of loss has escaped the notice of these authors. This occurs during the removal of the water 
in which the tetramethyl methylglucoside'and the barium salt of the phosphorylated tri- 
methyl methylglucoside are dissolved at one stage of the estimation. In typical experi- 
ments, following exactly the procedure described by these authors, we have found that 
half the total quantity of tetramethyl glucose recoverable was present in this aqueous 
distillate, which must contain none at all if Hess and Neumann’s method is to be capable 
of giving accurate results. Furthermore their method appears to be uncertain in operation 
and on other occasions we have found, in agreement with Averill and Peat’s observations 
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(preceding paper) that the final product, which according to Hess and Neumann consists 
of pure tetramethyl methylglucoside, was contaminated with trimethyl methylglucoside. 


EXPERIMENTAL. 


In order to ascertain the degree of separation of the «- and the §-form of tetramethyl methyl- 
glucoside which can be effected by fractional distillation under the conditions used in chain- 
length determinations, 2:3: 4:6-tetramethyl glucose was boiled with methyl-alcoholic 
hydrogen chloride to convert it into the mixed glucosides. The composition of the mixture 
of glucosides (isolated in the usual way) was altered from experiment to experiment by varying 
the time of heating and the concentration of the hydrogen chloride, excess of the 8-form being 
favoured by shorter times and lower concentrations. For instance, after 1 g. of the sugar in 25c.c. 
of 1% methyl-alcoholic hydrogen chloride had been boiled for 4} hours, distillation of the gluco- 
sides gave fractions with the following properties: (a) nif 1-4434, [a]} + 55° in water; (b) 
ny 1-4440, [a]p + 76°. After use of 3% methyl-alcoholic hydrogen chloride for 7 hours, distill- 
ation of the mixed glucosides gave fractions (a) ui® 1-4441, [a]p + 79°; (b) mu} 1-4444, [a]p 
+ 94°; (c) nif 1-4448, [a]p + 108° (total distillate, 90% of the theoretical amount). In this 
way it was found that fractions varying in nj’ from 1-4428 to 1-4448 could be obtained, but 
when the glucosides are made under conditions which give the equilibrium mixture, the nj” of 
the various fractions differ only slightly from 1-4445 (see second experiment recorded above). 
The properties of typical fractions from the series of experiments are collected in Table I, in 
which the percentage of «-form is calculated from the known rotations of the a- and the £- 
form. The observed points lie on the straight line of Fig. 1 and it will be seen that rotations 
are more sensitive than mp values as a guide to composition. It was found that the refractive 
index values diminish by 0-0004 for 1° rise in temperature, and this figure can be used in 
reducing observed mp values for comparison with the figure for 16°. 


TABLE I. 


Mixtures of the a- and the B-Form of Tetramethyl Methylglucoside obtained by Fractional 
Distillation. 


43 50 57 60 


38 74 
1-4428 1-4432 1-4434 1-4437 1-4441 1-4444 1-4448 
+32° +46° +55° +67° +79° +94° +108° 


A similar series of experiments was carried out with 2: 3: 6-trimethyl glucose. In this 
case there is a much greater tendency for the mixture of glucosides to contain an excess of the 
6-form and there is greater separation of the isomerides during fractional distillation. For 
instance, after glucoside formation by boiling with 0-6% methyl-alcoholic hydrogen chloride 
for 4 hours, the first three fractions of the distilled glucosides had (a) }®*° 1-4548, [a]}®* — 24° in 
water; (b) mi® 1-4549, [a]) — 20°; (c) mif 1-4556, [a], — 5°. The equilibrium mixture of 
glucosides (3% boiling methyl-alcoholic hydrogen chloride for 5 hours) gave (a) nj’ 1-4579, 
[a]p + 45°; (b) nif 1-4586, [a]p + 65°; (c) nj 1-4596, [x], + 85°. The properties of typical 
fractions are given in Table II, in which the figures for the proportion of «-form have been 
calculated for the known value (— 35°) of [a]p for the 6-form and an approximate value (+ 150°) 
for the a-form. These are given for comparison, but are not. required when Fig. 2 is used for 
the revised method of estimating tetramethyl glucose. The observed points lie on the line of 
Fig. 2 and by extrapolation the value of njf* for the a-form is ca. 1-4625. The decrease of mp per 
1° rise in temperature was found to be 0-00035 in this series. 


TABLE II. 


Mixtures of the «- and the 8-Form of Trimethyl Methylglucoside obtained by Fractional 
Distillation. 
16 24 31 35 38 43 54 65 
. 1-4548 1-4556 1-4561 1-4568 1-4571 1-4573 1-4579 1-4586 1-4596 
[aj#* in water ... —24° —65° +410° +423° 431° +435° 445° +465°  +85° 


Elimination of Possible Error due to Presence of Furfural.—The high n}* value of furfural (1-52) 
causes serious error in the estimation if it is present in concentrations greater than 0-5% in the 
early fractions, where it accumulates. It can be removed by treatment of the mixed glucosides 
with cold n/25-aqueous potassium permanganate, added drop by drop until the solution gives 
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no colour with aniline acetate. The aqueous solution is then evaporated, and the glucosides 
dissolved in ether. Slight loss of trimethyl methylglucoside occurs and it is very desirable to 
adopt conditions of glucoside formation which ensure absence of furfural, e.g., boiling the sugars 
for 10 hours with 1% methyl-alcoholic hydrogen chloride. If the acid is completely neutralised 
before removal of the methyl alcohol and the mixed glucosides are dried at 90°/12 mm. before 
distillation, the amount of furfural in the distillate should be negligible. It is desirable, however, 
to apply a routine test for furfural in all chain-length determinations, using for detection and 
quantitative estimation the band at 4 2750 a., € 20,000. 

Occasionally (see Averill and Peat, preceding paper) small amounts of methyl levulate 
appear as impurity. This is revealed by low b. p., low refractive index, and the absorption 
band at 2630 a. Its presence in the early fractions of the distillation is marked by irregularities 
in the ”p/[«]p values. It can be eliminated by careful fractionation (compare Averill and Peat, 
loc. cit.). 

Revised Method for Estimation of Tetramethyl Glucose in Admixture with 2:3: 6-Trimethyl 
Glucose.—A mixture of 0-180 g. of tetramethyl glucose and 1-75 g. of 2: 3: 6-trimethyl glucose 
was boiled with 1% methyl-alcoholic hydrogen chloride for 5 hours, these conditions being 
selected in order to obtain an excess of the $-forms of the glucosides. The quantities used are 
much smaller than those normally handled in starch chain-length determinations and for both 
these reasons the test is rendered all the more stringent. [The proportion of tetramethyl 
glucose (1 : 10) is approximately that present in the mixtures used by Hess and Lung (loc. cit.) 
in their phosphorylation experiments.] The glucosides were isolated in the usual manner, no 
furfural was found, and on distillation the following observations were made : 








Revised method. Old method. 
: —. Wt. 
[a]p in % “ tetra.,”” % “* tetra.,”” 
Fraction. Wt., g. nie, water. OMe, %. “tetra.” g. “ tetra.” g. 
I 0-101 1-4456 +56° 58-2 85 0-086 88 0-08 
II 0-463 1-4533 —ll 52 14 0-065 30 0-139 
III 0-252 1-4553 + 7 53 6 0-015 15 0-038 
IV 0-198 1-4565 +16 51 Nil — 5 0-010 
Vv 0-165 1-4571 427 oink Nil te pa es 


It will be seen by reference to Fig. 2 that fractions IV and V have p/[a]p values falling on the 
line for 2 : 3 : 6-trimethyl methylglucoside ; the material which was collected thereafter was pure 
trimethyl methylglucoside. Reference to Figs. 1 and 2 reveals that the mp/[«]p values for 
fractions I—III lie on neither of the two lines, and therefore these fractions contain mixtures of 
“tetra’”’ and “ tri.” 

Fraction 1. This is obviously mainly tetramethyl methylglucoside. Its positive rotation, 
regarded in conjunction with the negative rotation of fraction II, indicates that the mp of the 
tetramethyl portion is approximately 1-4440. That of the trimethyl portion, in view of the 
rotation of fraction II, is approximately 1-4548 (see Figs. 1 and 2). Fraction I therefore contains 
85% of tetramethyl methylglucoside. 

Fraction II contains mainly trimethyl methylglucoside, and in view of the rotation, the 
ny of this portion can be taken as 1-4548 (see Fig. 2). The percentage of tetramethyl methyl- 
glucoside (nj° 1-4440) is therefore 14. A direct estimation by the older method involving no 
corrections for rotations would indicate about 30% for the “‘ tetra” content and would involve 
serious error. 

Fraction III contains a little tetramethyl methylglucoside, since the nj§*/[«]p values do not 
fall on the line of Fig. 2. Taking for the trimethyl] portion nj®’ 1-4560 (the next fraction of pure 
“tri” having mp 1-4565) and mp 1-4445 for the tetramethyl portion, the percentage of the latter 
present is 6 (by the older method the estimate would be 15%). The total tetramethyl methyl- 
glucoside estimated by the revised method is therefore 0-166 g. and by the older method 0-276 g., 
corresponding respectively to 0-156 g. and 0-260 g. of tetramethyl glucose. Since 0-18 g. of 
tetramethyl glucose was used at the start of the experiments, the revised method has accounted 
for 87% of the tetramethyl glucose, whilst the older method would give 145%. It must be 
emphasised that the case chosen is a particularly difficult one, never likely to be met with in the 
routine work of chain-length determinations, and was chosen specially to reveal the advantages 
of the proposed procedure. 

By continuing the fractional distillation it is possible to detect by reference to Fig. 2 the 
point at which collection of trimethyl methylglucoside ceases and a mixture of the latter with 
dimethyl methylglucoside begins to come over. 
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Examination of Hess’s Method for End-group Assay.—(a) 5-47 G. of a mixture of 2: 3: 4: 6- 
tetramethyl methylglucoside (0-56 g.) and 2: 3 : 6-trimethyl methylglucoside were separated under 
the conditions recommended by Hess and Neumann (loc. cit.). [During the removal of water in a 
vacuum from the barium salts obtained after phosphorylation, the distillate (C) was retained. ] 
After distillation over sodium, 0-16 g. of tetramethyl methylglucoside was obtained, nj 1-4435, 
OMe 60:4%. 0-19 G. of 2:3: 4: 6-tetramethyl methylglucoside was isolated from the distillate 
(C) by continued extraction with benzene in all-glass apparatus. After the solution had been 
dried over anhydrous sodium sulphate, the benzene was removed at 90°/760 mm. The residual 
syrup was transferred to a flask fitted with a fractionating column. The syrup was heated 
at 80°/12 mm. for 8 hours to remove the last traces of solvent, the use of a column being essential 
to prevent loss of tetramethyl methylglucoside by volatilisation. The remaining syrup had 
ny 1-4440, OMe 61-8%, and was pure tetramethyl methylglucoside (yield, 0-19 g.). 

(b) In a second experiment, 3-5 g. of 2:3: 6-trimethyl methylglucoside and 0-45 g. of 
2:3:4:6-tetramethyl methylglucoside were used (obtained from recrystallised 2:3: 6- 
trimethyl glucose and 2 : 3 : 4: 6-tetramethyl glucose respectively). By Hess’s method 0-11 g. 
of syrup, njf” 1-4520, OMe 54-0%, was obtained. From these figures, the mixture contained 
35% (i.e., 0-04 g.) of tetramethyl methylglucoside. From the aqueous distillate obtained by 
evaporation of the solution containing the barium salts (compare C, above), 0-18 g. of syrup, 
ny 1-4505, OMe 55-7%, was obtained. This contained 50% (i.e., 0-09 g.) of tetramethyl methyl- 
glucoside. 

The above results are summarised in the following Table, from which it is apparent that in 


Wt. of “‘ tetra ”’ recovered 





Wt. of “tetra” © by Hess and from Total 
Expt. used, g. Neumann’s method. distillate A. recovery. 


a 0-56 0-16 g. (29%) 0-19 g. (34%) 0-35 g. (63%) 
b 0-45 0-04 g. (10%) 0-09 g. (20%) 0-13 g. (31%) 


both experiments, more tetramethyl methylglucoside was recovered from the aqueous distillate 
(C) than was obtained by Hess and Neumann’s procedure. Hess and Neumann disregard this 
aqueous distillate, and for this and other reasons the inaccuracy of the results obtained by 
their method is evident. 


The authors thank the Colston Research Society and Imperial Chemical Industries Ltd. for 
grants and the Department of Scientific and Industrial Research for a maintenance grant 
awarded to one of them (G. T. Y.). 
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237. Studies in Water-in-oil Emulsions. Part I. Preparation of 
Anhydrous Magnesium Oleate. 


By RicHarp C. PINK. 


Anhydrous and hydrated magnesium oleate have been prepared and examined. 
It has been shown that addition of small amounts of water to solutions of the anhydrous 
soap in benzene causes its precipitation in an insoluble form containing water. Such 
systems are not true emulsions, although appearing to be so. The results indicate that 
in the inversion of oil-in-water emulsions with magnesium chloride the magnesium 
oleate formed does not dissolve in the oil phase. 


SEVERAL descriptions of the preparation and properties of magnesium oleate are recorded. 
Newman (J. Physical Chem., 1914, 18, 34), who first described its emulsifying powers, 
used a ‘‘ concentrated ”’ solution of the soap in benzene. Briggs and Schmidt (tbid., 1915, 
19, 478), in a continuation of Newman’s work, described it as being soluble in benzene to 
the extent of 1% after refluxing with benzene for one hour. Wellman and Tartar (édid., 
1930, 34, 371) claimed that the material used by them was “ fairly easily dissolved by warm 
benzene,” and more recently Parke (J., 1934, 1112) has described the preparation of a 
material with which he was able to prepare a 19-28% solution in benzene. 
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It is apparent that the various workers were dealing with different substances. Further 
light is thrown on the problem by the observations of Wellman and Tartar (loc. cit.). 
Solutions of their magnesium oleate in dry benzene were clear, but contact with water 
caused precipitation of a flocculent material, the nature of which was not investigated by 
them, but which they assumed was magnesium oleate. Shaking only appeared to hasten 
the precipitation, but was not necessary to cause the phenomenon. They considered that 
this fact supported the colloidal or solid-film theory of water-in-oil emulsions. 

The author considered that the flocculent precipitate obtained by Wellman and Tartar 
was probably a hydrated form of magnesium oleate, and that the materials used by Newman 
and by Briggs and Schmidt may have been such a hydrated form of the soap. 


EXPERIMENTAL, 


Materials.—The oleic acid was from Kahlbaum, and the other chemicals were of ‘“‘ AnalaR ” 
standard. Benzene (thiophen-free) was twice redistilled, kept over sodium, and redistilled 
immediately before use : 100 c.c. on evaporation left no residue. All the water used was freshly 
distilled. 

Preparation of Magnesium Oleate.—Parke’s method (loc. cit.) was followed. A solution of 
50 g. of sodium oleate in 2 1. of water, prepared by exact neutralisation of 46-4 g. of oleic acid with 
164-31 c.c. of N-sodium hydroxide, was 
heated to 90°, and 20 g. of magnesium 
chloride in 100 c.c. of water added drop- 
wise. A white precipitate immediately 
appeared. After cooling, it was filtered 
off, washed free from chloride, and finally 
washed with alcohol. 10 G. of this 
material were dried over concentrated 
sulphuric acid in a vacuum desiccator for 
4 weeks (Sample A). The remainder was 
refluxed with benzene for 20 minutes, and 
the clear yellow supernatant layer was 
decanted while still hot and evaporated 
to dryness. The residue was crystallised 
from benzene. It was a yellow glassy 
material which dissolved readily in cold 
dry benzene (Sample B) [Found, by calcin- 
ation to MgO for 20 mins. at a red heat: Mg, 4-13, 4-14, 4:14. Calc. for Mg(C,,H;,0,),: 
Mg, 4:14%]. 

Sample A, on the other hand, was a white powdery substance only slightly soluble in cold 
benzene, but it dissolved in hot benzene, this solution being opalescent on cooling. A portion 
of this sample was heated in an air-oven at 105° for 2 hours [Found: loss, 5-83. Calc. for 
Mg(C,,H;30,)2,2H,O : loss, 5-78%], and then resembled sample B in every way. 

The hydrated material can be readily obtained by leaving the anhydrous material in contact 
with water for several days, filtering it off, and drying it over concentrated sulphuric acid in a 
desiccator. If the soap is finely powdered, absorption of water takes place much more 
rapidly. 

It is clear that the material obtained by metathesis of sodium oleate with magnesium salts 
is a hydrated form of the soap, and that the combined water is removed when heated in the 
air-oven or when treated as described by Parke, who appears to be the first worker to have 
published a method for preparing a completely anhydrous form of the soap. 

Precipitation of Magnesium Oleate from Benzene by Addition of Water.—To 50 c.c. portions of a 
2% solation of the anhydrous soap in benzene, various amounts of water were added. The 
mixtures were vigorously shaken first by hand and then on a mechanical shaker for 3 hours, 
and kept in a thermostat at 20° for at least 12 hours. The white flocculent precipitate which 
was formed was collected on a dried filter-paper, and 25 c.c. of the filtrate were evaporated 
slowly on a hot plate and dried to constant weight in the air-oven. The percentage of 
magnesium oleate in the filtrate was calculated. 

A similar series of experiments was carried out with a 4% solution of the soap. The results 
are shown below, and also graphically in the figure. 


oleate, %o, in filtrate. 


a] 03 04 Os 


02 
Water, g. 
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2% Solution. 
H,0, g. 0 0-0200 0-0373 0-0440 0-0500 0-0583 0-0720 0-0767 0-0851 0-1147 
Soap in filtrate, %... 2-000 2-000 2-000 1-972 1-918 1-570 1-266 1-164 0-933 0-324 
H,O, g- 0-2270 0-2515 } 
Soap in filtrate, %... 0-229 0-183 

4% Solution. 
: g 0 0-0300 0-0670 0-0875 0:1285 0-1720 0-2190 0-300 0-4350 1-0021 
Soap in filtrate, % 4-000 4-000 4000 3-701 2-759 1-656 0-606 0-302 0-203 0-201 


» /orre 


Discussion.—An emulsion has been defined as a system containing two liquid phases, 
one of which is dispersed as globules in the other (Selmi, Nuovi Ann. Sci. nat. Bologna, 
1845, 4, 146; see Clayton, ‘‘ Theory of Emulsions and their Technical Treatment,’’ London, 
1935, p. 1). If this definition is accepted, the benzene-magnesium oleate—water systems 
examined above are not true emulsions, but are suspensions of hydrated magnesium 
oleate in benzene. This view is confirmed by microscopic examination. There appears 
to be some evidence to show that such systems containing larger amounts of water are also 
of this type. Briggs and Schmidt (loc. cit.) describe them thus: ‘‘ Emulsions of benzene in 
sodium oleate, resinate, etc., were of the usual form, consisting as they did of small 
spherical drops of benzene floating in an aqueous medium. . . . The internal structure of 
the water-in-benzene emulsions was found to be of a different nature.” The magnesium 
oleate emulsions seemed composed of a gelatinous material containing a large proportion of 
water in exceedingly irregular masses. There were no sharply defined water globules as 
such.” 

Further, the soap is precipitated almost completely in an insoluble form from a benzene 
solution of magnesium oleate in contact with a very small amount of water. It is therefore 
clear that the reason for the inversion of benzene-in-water emulsions stabilised by univalent 
soaps on the addition of magnesium chloride cannot be, as suggested by Parsons and Wilson 
(J. Ind. Eng. Chem., 1921, 18, 1119), solution in the benzene of the bivalent soap formed 
by metathesis. 


I am indebted to Professor A. W. Stewart and Dr. Hugh Graham for their interest in this 
work and for helpful suggestions, and to Dr. Cecil L. Wilson, of these laboratories, for his 
microscopic examination of samples. 


THE Str DoNALD CURRIE LABORATORIES, 
THE QUEEN’s UNIVERSITY, BELFAST. [Received, April 27th, 1938.] 





238. The Electric Polarisations of some Metallic Acetyl- 
acetonates. 


By A. E. Finn, G. C. Hampson, and L. E. Sutton. 


The electric dipole moment of a molecule is a measure of its electr&al asymmetry, 
and usually can be related to its structural symmetry. In a number cf instances, 
however, molecules which should, from their accepted structure, be non-polar appear 
to be polar. From time to time various explanations of these anomalies, some general, 
some specific, have been proposed; but so far no certain solution of the problem 
has been found, largely because no very intensive experimental attack has been 
made on it. 

In this paper there are described measurements on some acetylacetonates which 
are very anomalous. The results eliminate some explanations, but do not give a final 
answer. They show that these compounds do not owe their abnormality to incomplete 
chelation, or to the chelate rings having lower symmetry than tbat required by 
modern theory, and that solvent effects are not likely to be the cause. 

One admissible explanation is that there is a transitory electric moment arising 
from slow bending within the molecule caused by thermal bombardment, but rough 
calculations indicate that the frequency of bending would be too high for the molecule 
to orient while bent. The only other explanation is that the field can induce con- 
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siderable moments by causing inter-nuclear movements, a process usually called 


“atom polarisation.” : 
The second of the two following papers continues the investigation from this point. 


In 1932 Smith and Angus (Proc. Roy. Soc., 1932, A, 187, 372) observed that for both 
beryllium acetylacetonate and basic beryllium acetate there are definite differences 
between the total and the electron polarisations measured at one temperature. These 
differences, if dipole orientation polarisations, would correspond to permanent electric 
dipole moments of 1-07D. and 1-35p. respectively. 

It is of some importance that the origin of these polarisations should be decided, for 
if it should be shown that they are due to fully chelated molecules being polar, then 
modern molecular structure theory would be proved seriously in error. If, however, this 
should prove not to be so, then it is essential for the proper understanding of polarisation 
phenomena that the true cause should be discovered : there are numerous other instances 
of compounds which should be non-polar but appear to be polar. 

The earliest explanation offered for such polarisation differences was that they are 

atom polarisation (,P) which, since it would contribute to the polarisation at low field 
frequencies but not at visible frequencies, would appear as a difference between the total 
and the electron polarisations (P and ,P) as measured by the dielectric constant for 
radio-frequencies and by the refractive index for visible light. Since 1932, increasing doubt 
has been cast upon the existence of large atom polarisations by Van Vleck (‘‘ The Theory 
of Electric and Magnetic Susceptibilities,” Oxford, 1932, pp. 45—54), Sugden (Trans. 
Faraday Soc., 1934, 30, 734), H. O. Jenkins (idem, p. 739), Wolf and Fuchs (“‘ Dielektrische 
Polarisation,’ Leipzig, 1935, pp. 262, 299), and Groves and Sugden (J., 1937, 1779). 
The last-named authors have suggested that as an empirical rule ,P may be taken as 
5% of ,P: the unexplained polarisations for the beryllium compounds are about 50% 
OI yt. 
In 1936, H. O. Jenkins (J., 1936, 862) pointed out that all the anomalies were shown 
by measurements made in solution, and proceeded to develop a theory to explain them 
as solvent effects. Later, Frank and Sutton (Trans. Faraday Soc., 1937, 33, 1307) 
showed that an alternative solvent effect is possible. 

In order to provide more data the present authors have made measurements on beryl- 
lium acetylacetonate in a variety of solvents, and over a range of temperature in one 
solvent. The polarisations of several other acetylacetonates also have been measured 
in benzene solution. The best ones for this purpose are those of metals whose normal 
valency is half the maximum covalency on the Sidgwick rule. Of the others, those which 
are not salts are usually too sparingly soluble or are very easily hydrolysed. The com- 
pounds examined were therefore aluminium, ferric, cobaltic, chromic, thorium, and 
zirconium acetylacetonates; and what measurements were possible were made on the 
cupric and zinc derivatives. 

The paper following this one describes work on quinones, with a similar bearing, 
carried out independently by Hammick, Hampson, and G. I. Jenkins, and the one 
following it describes polarisation measurements in the vapour intended to settle the 
questions left outstanding by the first two papers. 


EXPERIMENTAL. 


Preparation and Purification of Materials—Benzene, carbon tetrachloride, and n-hexane 
were purified as described previously (Hampson, Farmer, and Sutton, Proc. Roy. Soc., 1933, 
A, 148, 147; Sutton and Hampson, Trans. Faraday Soc., 1935, 31, 945). 

Chloroform of A. R. quality was twice distilled from phosphoric oxide, in a stream of dry 
air, the second distillation being made just before use. 

Decalin, of a specially pure grade obtained from L. Light, was fractionated between 180— 
190°, and then finally again, in dry air, the fraction boiling at 180—185° being taken (cf. Sutton, 
New, and Bentley, J., 1933, 652). 

Beryllium acetylacetonate was prepared by Jaeger’s method (Rec. Trav. chim., 1914, 38, 
394) and recrystallised several times from ligroin (b. p. 40—60°). The substance is dimorphic, 
m. p.’s 103—103-6° and 108-1—108-6° (corr.) ; cf. 108° (Combes, Compt. rend., 1894, 119, 1222). 
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Aluminium acetylacetonate. Preparation from commercial anhydrous aluminium chloride 
and acetylacetone in chloroform solution gave a product containing iron which could not be 
removed. A sample prepared from aluminium hydroxide, obtained from A. R. quality potash 
alum, contained only a negligible amount of iron, and was used after several recrystallisations 
from ligroin. M. p. 192—-193° (corr.); cf. 193—194° (Combes, Compt. rend., 1889, 108, 406), 
191° (Gach, Monatsh., 1900, 21, 99). 

Ferric acetylacetonate was prepared as described by Urbain (Compt. rend., 1899, 129, 303) 
and Hantzsch and Desch (Amnalen, 1902, 323, 13), and was recrystallised twice from benzene— 
ligroin: m. p. 181-3—182-3° (corr.); cf. 184° (Urbain, Joc. cit.), 179° (Hantzsch and Desch, 
loc. cit.). 

Cobaltic acetylacetonate was prepared by the action of acetylacetone on an aqueous sus- 
pension of freshly precipitated cobalt sesquioxide, and was recrystallised from benzene-—ligroin : 
m. p. 240°; cf. 240° (Urbain and Debierne, Compt. rend., 1899, 129, 304), 241° (Gach, Monaish., 
1900, 21, 105). 

Chromic acetylacetonate was prepared as described by Urbain (Joc. cit.) and by Gach 
(Monatsh., 1900, 21, 116), and recrystallised from ethanol: m. p. 216°; cf. 214° (Urbain and 
Debierne, Joc. cit.), 216° (Gach, foc. cit.). 

Zirconium acetylacetonate was prepared as directed by Biltz and Clinch (Z. anorg. Chem., 
1904, 40, 219). It was dehydrated by several recrystallisations from absolute alcohol. 

Thorium acetylacetonate was prepared as directed by Biltz (Amnalen, 1904, 331, 336), and 
recrystallised from ethanol: m. p. 169°; cf. 168—169° (Morgan and Moss, J., 1914, 105, 197) ; 
171—172° (Urbain, Bull. Soc. chim., 1896, 15, 348). 

Cupric acetylacetonate was prepared by treating an aqueous solution of cupric sulphate with 
an ethanolic solution of acetylacetone, and recrystallised from benzene-chloroform. 

Zinc acetylacetonate was prepared by refluxing a benzene solution of acetylacetone with 
zinc oxide. The substance was difficult to purify because of the great ease with which it 
hydrolysed, and because it decomposed on being sublimed in a vacuum. 

Physical Measurements.—Dielectric constants were measured with essentially the same 
heterodyne beat apparatus as that previously described (Sutton, Proc. Roy. Soc., 1931, A, 138, 
668; Hampson, Farmer, and Sutton, Joc. cit.). It was used in conjunction with a solution 
condenser of the type described by Jenkins and Sutton (J., 1935, 609) for the measurements 
at 25°; and with the one described by Hampson (Trans. Faraday Soc., 1934, 30, 877) for the 
measurements at higher temperatures. 

The experimental methods and techniques were those used before. 

Refractive indices were measured as before. 

Densities at 25° were measured by a Sprengel—Ostwald pyknometer; those at higher tem- 
peratures with the one described by Hampson (loc. cit.). 

As before, all dielectric constants are based upon an assumed standard value of 2-2727 
for that of pure dry benzene at 25° (Hartshorn and Oliver, Proc. Roy. Soc., 1929, A, 123, 664; 
Sugden, J., 1933, 768). Refractive indices of pure solvents were measured absolutely, and 
those of solutions differentially, relative to solvent. The symbols used have the following 
meaning: f,, molecular fraction of solute; d{., density at #°; m{, refractive index at ¢° for 
wave-length 1; P,, molecular total polarisation of solute; ,P,, molecular electron polarisation 
of solute. 

The visible absorption spectra of the coloured acetylacetonates were investigated by Mr. 
M. W. Lister, using a Hilger-Nutting spectrophotometer. He found that the ferric compound 
has a maximum absorption at 4 < 5300 a., the cobaltic compound one at 5900 a., and a mini- 
mum at 5135 a., and the chromic compound a maximum at 5600 a. and a minimum at 4870 a. 
The refractivities of solutions of the ferric and chromic compounds were measured for the 
mercury yellow line (5780 a.) and that of the cobaltic one for the mercury green line (5461 
A.); hence, from the usual dispersion theory, it may be seen that the observed electron polaris- 
ations may be somewhat high for the ferric and chromic compounds, but low for the cobaltic 
one. The true P, — ,P, values, for 1 = «, may therefore be more than those given for the 
first two compounds, but less for the last one. They would be still more diverse, in fact, though 
to no great extent, since the corrections are not likely to be more than a few c.c. 


DISCUSSION. 


The results of the measurements at 25° are summarised in Table XI; yu is the apparent 
dipole moment. 
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> 
Se 
, # 0-0000 
0-01076 
) 0-01458 
0-020785 


P, = 87-34 c.c.; gP, = 59°35; P, — 2P, = 27-99 c.c. 


0-0000 

; 0-01028 

, 0-01122 
0-01474 
0-021165 
0-02769 


0-0000 
0-01043 


0-0000 

0-00565 
0-00994 
0-01122 

0-01808 


0-0000 

0-00912 
0-01400 
0-01491 


Sa. 
0-0000 


T, kK. 
298° 


415 


0-01468 


0-0000 
0-00425 
0-00777 
0-01139 
0-01402 
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ae 
0:8733 
0-8781 
0-8803 
0-8828 


1-5845 
1-5746 
1-5740 
1-5706 
1-5643 
1-5580 


TABLE & 


Beryllium Acetylacetonate. 


(a) In benzene. 


€. 


2-2944 
2-3029 
2-3181 


5461+ P3. 
2-25712 — 
2-25918 86-73 
2-26000 86-44 
2-26117 88-86 


(b) In carbon tetrachloride. 


2-2261 
2-2463 
2-2488 
2-2533 
2-2682 
2-2795 


2-1329 
2-1386 


2-1389 
2-1435 
2-1468 


p= 1-16 x 107 e.s.u. 


87-45 
88-22 
87-57 
88-00 
87-21 


P, = 87-7 c.c.; gP, = 60-9 c.c.; Py — gP, = 26:8 c.c. 


(c) In n-hexane. 


0-6641 
0-6704 


1-8876 
1-9051 


1-8998 
1-9070 


87-41 


P, = 87-4 c.c.; gP, = 61-5 c.c.; P, — gP, = 26-5 c.c. 


(d) In chloroform. 





1-4795 —_— 2-0920 — 
1-4747 4-6865 2-0965 68-58 
1-4711 4-6569 2-1001 64-60 
1-4701, 4-6457 2-1008 65-44 
1-4641 4-5947 2-1049 64-26 
P, = 64-8 c.c.; gP, = 61-4 c.c.; P, — 2P, = 3:4 .c. 

(e) In carbon disulphide (measurements by Mr. N. Davidson). 
1-2662 2-6332 —_— — 
1-2496* 2-6541 — 88-0 
1-2461 2-6611 —_ 85-9 
1-2454 2-6644 —_ 86-9 

Ps; = 87 c.c. 
TABLE II. 
Beryllium Acetylacetonate in Decalin. 
dy. «. P». £. T, kK. de. 

0-8625 2-1608 — 0-01889 298° 0-8671 

0-8318 2-1076 — 338 0-8364 

0-8050 2-0614 _- 373 0-8094 

0-7729 2-0059 aa 415 0-7771* 

* From graph. 
TABLE III. 
Aluminium Acetylacetonate, at 25°. 
(a) In benzene. 
ay. €. n*. P;. 
0-8735 _— 2-2571 —_ 
0-8790 2-2932 2-2619 133-45 
0-8816 2-3009 2-2627 131-16 
0-8840 2-3106 2-2656 132-23 
0-8876 2-3231 2-2669 131-70 


P, = 134-0 c.c.; gP, = 91l-lc.c.; Py — gP, = 42:9 c.c. 


(b) In chloroform. 


1-4794 
1-4754 
1-4723 
1-4690 
1-4664 


4-6828 
4-6662 
4-6508 
4-6399 





2-0920 
2-0978 
2-1020 
2-1051 
2-1088 





120-73 
121-72 
122-89 


€. 
2-1830 
2-1285 
2-0808 
2-0233 


1257 


uP. 


60-04 
58-78 
59-22 


61-75 


59-27 
60-87 
61-03 


61-49 


61-62 
61-87 
61-30 
60-66 


P,. 
86-91 
86-63 
86-24 
85-10 


EP. 


90-73 
92-17 
90-25 


92-50 
91-07 
89-26 
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TABLE IV. 


Zinc Acetylacetonate, in Benzene at 25°. 
Se: &. €. n*, Py. 
0-00568 0-8795 2-2876 97-74 


0-00653 0-8803 2-2948 108-94 
0-00742 0-8812 2-2980 109-38 


TABLE V. 
Copper Acetylacetonate, in Chloroform at 25°. 


0-0000 1-4795 oad 2-0920 -— 

0-00415 1-4791 4-6913 2-0969 66-67 

0-00486 1-4792 4°6765 2-0972 67-96 

0-00736 1-4789 4-6725 -— 67-04 

0-00998 1-4788 4-6487 — 68-96 
P, = 67-7 c.c.; gP, = 65-7 c.c.; P, — gP, = 2-0 c.c. 


TABLE VI. 


Ferric Acetylacetonate, in Benzene at 25°. 
(A = 5780). 
0-0000 0-8733 — 2-2580 ~- 
0-00318 0-8774 — 2-2624 —- 
0-00400 0-8784 2-2909 148-35 
0-00639 0-8815 2-3018 148-07 
0-01201 0-8886 2-3270 147-79 
0-01447 0-8918 2-3382 147-67 


P, = 148-6 c.c.; gP, = 91-5 c.c.; Py — gP, = 57-1 c.c. 


TABLE VII. 
Cobaltic Acetylacetonate, in Benzene at 25°. 
0-0000 0-8734 — 2-2571 — 
0-00371 ? 0-8788 2-2854 2-2627 127-25 
0-00552 0-8814 2-2927 2-2650 130-34 
0-00920 0-8866 2-3047 — 128-56 
0-01082 0-8888 2-3115 — 130-45 


P, = 129-5 c.c.; gP, = 99-4 c.c.; P, — gP, = 30:1 c.c. 


TABLE VIII. 


Chromic Acetylacetonate, in Benzene at 25°. 
(A = 5780). 


0-0000 0-8735 —_— 2-2580 -- 

0-00484 0-8797 2-2910 2-2634 135-48 
0-00655 0-8819 2-2982 2-2651 137-03 
0-00851 0-8844 2-3064 2-2665 138-08 
0-01256 0-8894 2-3214 — 137-25 


P, = 137-5 c.c.; gP, = 95-3 c.c.; Py — gP, = 42:2 c.c. 


TABLE IX. 
Thorium Acetylacetonate, in Benzene at 25°. 


0-0000 0-8736 ~- 2-2571 — 
0-00522 0-8910 2-3025 2-2628 195-67 
0-00703 0-8970 2-3124 2-2649 194-58 
0-:00826 . 0-9008 2-3194 2-2662 195-59 
0-01252 0-9144 —- 2-2710 — 
P, = 195-6 c.c.; gP, = 127-5 c.c.; P, — gP, = 67:8 c.c. 


TABLE X. 


Zirconium Acetylacetonate, in Benzene at 25°. 


0-0000 0-8736 —_— 2-2571 — 
0-01050 0-8933 0-3276 2-2686 185-44 


P, = 185-4 c.c.; gP, = 123-5 c.c.; P, — gP, = 61-9 c.c. 
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TABLE XI. 


Solvent. P:. EP3. P, — zP3. J 100 (P, — zP2)/zPe. 
Benzene 87-3 59-4 28-0 : 47-1 
Carbon tetrachloride 87-7 60-9 26-8 : 44-0 
n-Hexane 87-4 60-9 26-5 . 43-5 
Decalin 86-9 (61) 25-9 . 42-5 
Chloroform 64-8 61-4 3-4 . 5-5 
Carbon disulphide 87 (61) 26 ° 42-5 


Zn Benzene (100) (62) (38) (1-35) (61) 
Cull Chloroform 67-7 65-7 2-0 0-31 3-0 


Al Benzene 134-0 91-1 42-9 1-44 47-1 

Chloroform 122-3 90-8 31-5 1-23 34-7 
Felll Benzene 148-6 91-5 57-1 1-66 62-4 
Coll 129-5 99-4 30-1 1-20 30°3 
Cri 137-5 95-3 42-2 1-43 44-3 


Th 195-6 127-5 67-8 1-81 53-2 
Zr 185-4 123-5 61-9 1-73 50-1 


The large differences between P, and gP,, especially those for the ferric, thorium, and 
zirconium compounds, show beyond doubt the reality of the phenomenon which we set 
out to discuss, and emphasise the need for its explanation. It will be noticed that, 
provided we exclude results in polar solvents, the following generalisations hold : 

(1) Py — gP, is as much as 60% of ,P, in one case, and is about 45% of it in most 
of the others. 

(2) P, — »P, shows only second order dependence on the solvent. 

(3) The P, — gP, values fall into three groups having rough ratios of 2 :.3 : 4 (taking 
that for the beryllium compound as 28, the values would be 28, 42, 56) as the compounds 
have two, three, or four chelate rings; but there are considerable variations in each group. 

There are five possible explanations of these facts : 

(1) That the compounds, although fully chelated, are polar because the chelate rings 
lack sufficient symmetry. 

(2) That the compounds are not fully chelated. 

(3) That these compounds have very large atom polarisations. 

(4) That the molecules bend considerably under thermal collisions, and remain bent 
long enough to orient as dipoles in the field applied for measurement of total polarisation. 

(5) That there is a solvent effect, either of the Jenkins—Bauer type or of the Sutton- 
Frank type, or both. 

We may consider the implications of these, one by one. 

Polar Chelate Molecules.—As previously remarked, the first possibility has an im- 
portant bearing on modern molecular structure theory, because this predicts that the 
fully chelated compounds would be non-polar. One older representation of a 6-diketone 
chelate ring (Sidgwick, ‘‘ The Electronic Theory of Valency,’’ Oxford, 1927, p. 120) shows 
it as being asymmetric about at least two of three mutually perpendicular planes, the 
XZ and XY planes (Fig. 1). Another, the structure with three-electron and one-electron 

R’ R’ R’ 
~ Z "i — \ ‘ 

pre Orn C,;—0O, Bs : O ; 
HG M * i nh Bt M 
S Pt 


}, 3 a soritins ; 
C,—0, C,—0, Cc : O 
a. X axis perpen- m WA 
dicular to plane 
Fic. la. of paper. Fic. ls. Fic. 2. 


Fic. 1. 


bonds (Fig. 2), is asymmetric only about the XZ plane, but is highly improbable on 

modern theory (Pauling, J. Amer. Chem. Soc., 1931, 583, 3225). What is now considered 

to be the true state of affairs is that the molecule may be thought of as a hybrid derived 

from both structures 1A and 1s. On modern theory such “‘ resonance”’ is not merely 
4N 
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possible but inevitable, because the energy contents of the two are similar (are equal 
if R = R’), the positions of the atomic nuclei are much the same in both, and the number 
of unpaired electron spins is equal in both (to zero) (see Sidgwick, J., 1936, 533; 1937, 
694). There should therefore be no asymmetry about the XY plane. Moreover, it is 
improbable that there is any about the YZ plane, for on classical stereochemical principles 
structure 1A requires that atoms M, O,, C,, C, be coplanar, likewise C,, C,, C3, O,; while 
structure 1B requires that O,, C,, C,, C3, likewise C,, C;, O., M, be coplanar. The only 
way in which all four requirements may be satisfied is for all the atoms to be coplanar. 
This argument may be criticised for its being based on a mixture of classical and wave- 
mechanical principles, but the conclusion is nevertheless very probable. 

The acetylacetonate ring, with R = R’, should be derived equally from structures 
1A and 1B, and so should have a moment only along the Y axis. Thus, compounds with 
two such rings on four tetrahedral or square diagonal bonds, three on octahedral bonds, 
or four on cubic diagonal bonds, should be non-polar. 

If, however, the ring were polar perpendicular to the Y axis, and the several rings in 
a molecule had equal moments, the resultant moments would be in the ratio ~/2 : ~/3 : 2, 
and the orientation polarisations in the ratio 2: 3:4, for compounds with two, three, 

and four rings respectively. The polarisation would 

om obey the Debye law, that P= A + B/T (T = absolute 

temperature) in solution, although the slope B would 

not be exactly that for the moment obtained at one 

temperature from the total and the electron polaris- 

ations because of solvent effects (see H. O. Jenkins, 
Trans. Faraday Soc., 1934, 30, 739). 

Incomplete Chelation—On _ general chemical 
grounds it seems unlikely that incompleteness of 
chelation would be so extensive as to account for 
the moments, particularly in such a stable compound 
as beryllium acetylacetonate, but Sugden has tenta- 
tively suggested that this might be the cause of 
parachor anomalies in some beryllium §-diketone 
derivatives (J., 1929, 322), and we must consider its consequences. 

The polarisation would not obey the Debye law, because the completeness of chelation 
would vary with temperature, almost certainly decreasing as the temperature rises, and 
so would the effective moment of the un-chelated molecules, owing to the possibilities 
of change of moment with change of configurational potential energy. Thus, at low 
temperatures the only polarisations would be those of deformation, and at an infinitely 
high temperature this would again be true, so the P-1/T curve would be qualitatively 
as represented in Fig. 3. 

Absence of any simple relation between the number of rings and the polarisation, and 
considerable dependence of the latter upon the solvent, would also be predicted. 

Atom Polarisation.—At present too little is definitely known about atom polarisation 
for the inherent probability of the third explanation to be estimated. Van Vleck (loc. cit.) 
has shown that it is certainly very small in some simple di- and tri-atomic molecules, 
but he does not rule out the possibility that it may be considerably greater in more com- 
plex molecules, such as are all those which concern us. The largest. atom polarisation 
determined directly by refractivity measurements in the infra-red is 11-7, for glycerol 
(Cartwright and Errera, Proc. Roy. Soc., 1936, A, 154, 138). 

Atom polarisation would be independent of solvent or of temperature. Regarding 
its variation in the acetylacetonates, it is difficult to say more than that it should 
increase when the number of rings increases, but that it should also depend upon the 
nature of the central atom. 

Moment by Bending.—This theory was advanced by Hampson (Trans. Faraday Soc., 
1934, 30, 877) to explain the apparent moments of diphenylmercury and some derivatives : 
it is closely related to the theory advanced by Meyer (Z. phystkal. Chem., 1930, B, 8, 27) 
to explain the temperature variation of the moments of ethylene dichloride and similar 
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compounds, and which has been developed by Smyth, Dornte, and Wilson (J. Amer. 
Chem. Soc., 1931, 58, 4242), by Lennard-Jones and Pike (Trans. Faraday Soc., 1934, 30, 
830), and by Altar (J. Chem. Physics, 1935, 3, 460). 

Molecules such as the acetylacetonates may be non-polar in their configurations of 
minimum potential energy, but certainly are not so when bent out of these. Hence, 
the average value of yz? for a vibrating molecule is not zero, nor therefore is the polarisation. 
If we suppose the molecule to be vibrating in simple harmonic motion of small amplitude 
then the average polarisation, P, may readily be calculated by classical methods. 

Let the angle between two dipoles, each of magnitude »,, be x — ¢; then the resultant 
moment is 2y, sin ¢/2, and the potential energy may be written V, 47/2. Applying 
Maxwell—Boltzmann statistics to the vibrational degree of freedom, we have 


+o 
20 —Vep"/2kT 

4nN —, _ 4xN a, * 4M (1) 

ORT * ~ oeT™ ‘i e-rwitag Ve ~ * | 





P= 


Thus, the mean polarisation would be independent of temperature. It should be affected 
by solvent like the polarisation caused by a permanent, constant moment (for which, 
see Miiller, Trans. Faraday Soc., 1934, 30, 729; H. O. Jenkins, Nature, 1934, 133, 106; 
Higasi, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1936, 28, 284; Frank, Proc. Roy. Soc., 
1935, A, 152, 171), t.e., the greater the dielectric constant of the solvent, the greater the 
departure from the polarisation in the vapour. Furthermore, if P be observed and p, 
be known, V, can be calculated, and for the theory to be acceptable this force constant 
would have to be of reasonable magnitude for the molecule in question. 

It is obvious that the period of vibration must be large compared with the time of 
relaxation, so that the molecule may have time to orient in the field as a dipole, while still 
bent one way. This time, for medium-sized molecules in the common non-polar solvents, 
is of the order 10711 to 10°12 seconds (Debye, Trans. Faraday Soc., 1934, 30, 679; see also 
Cartwright and Errera, loc. cit.); the oscillation period would therefore have to be 1071 
to 10°44 seconds. Substances with polarisations arising from this cause should, therefore, 
absorb in the corresponding range of wave-length, 1.e., in the ultra-short wireless wave 
region of 3 — 30 mm. 

For the theory to be consistent it is essential that the force constant calculated from 
equation (1) should give an admissible order of frequency for the vibration. 

The polarisations of chelate compounds should be in the ratio of the number of rings, 
but be also dependent upon the nature of the central atom. 

If the vibration is anharmonic, the problem approximates very closely to that of the 
polarisation of ethylene dichloride and like molecules, the chief difference being the precise 
form of the potential function. As will be shown in a later paper (p. 1279), the polaris- 
ation may increase or decrease with rise of temperature according to the sign of the anhar- 
monic force constant. Treatment of this. related problem by wave-mechanics (Lennard- 
Jones and Pike, loc. cit.) made very little difference except at very low temperatures, where 
the effect of zero-point energy becomes apparent. Owing to it, no molecule is ever still, 
and (u?) is never zero; so the P-1/T curve rises for large 1/T values. This does not mean, 
as might appear, that for no molecule save a diatomic one can P = Py + P,, for 
when the period of vibration is less than the time of relaxation, the low-frequency 
polarisation depends not upon (u?) but upon (1)? which, for a harmonic oscillator, or for an 
anharmonic one with only even-powered terms in the potential function, is zero. 

Solvent Effects——Any explanation of the abnormal polarisations based on solvent 
effect obviously requires that the anomalies should vanish in the vapour phase. The 


* This relation is the limiting form of that obtained for an ethylene dichloride type of molecule by 
Lennard-Jones and Pike (loc. cit., p. 849), when the temperature is low and the amplitude of the 


oscillations small. 
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two mechanisms for solvent effects so far considered require also that the polarisations 
should be much the same in n-hexane, benzene, and carbon tetrachloride, but that they 
should be about 30% higher in carbon disulphide; and that they should increase rapidly 
with increase of temperature, the coefficient for benzene or carbon tetrachloride solutions 
being + 0-0055°, 7.e., an increase of 55% for a 100° rise. Further, they require that the 
polarisations of the acetylacetonates should be in the ratio of the numbers of rings. 

The data in Table XI obviously are insufficient to show which of these five theories 
is right; it is necessary in addition that measurements over a range of temperature should 
be made in solution and, ultimately, in the vapour phase. Such data for beryllium 
acetylacetonate in decalin solution are shown graphically in Fig. 4: vapour-phase results 
are described in a later paper by Coop and Sutton (p. 1269). 

The mean-line change of P is a drop of 1-6 c.c. between 25° and 142-4°; but if a mean 
line parallel to the 1/T axis be drawn, the average deviation from it is only 0-6 c.c., which 
is within the limit of experimental error. There is, therefore, no definite evidence for any 
temperature dependence of P. Curve A is the Debye curve for a moment of 1-12p.: 
it corresponds to a change of 7'3 c.c. over the temperature range used. Curve B shows 

ia the result of allowing for the effect of change 
wat of dielectric constant of solvent on polaris- 
£2] ation: it corresponds to a change of about 
5°85 c.c. Both theoretical curves are much 
steeper than the experimental one. High- 
——-—- frequency dispersion measurements made by 
a Dr. F. C. Frank (private communication) on 
Prd solutions of this substance in benzene show 
+ independently that the permanent moment is 
- ? certainly less than 0-4p. 
Py The absence of definite temperature de- 
ad i. pendence makes it most improbable that 
chelation is incomplete to any considerable 
a extent; and it also throws doubt upon the 
theories of solvent effect so far advanced, 
75 . . : although of course it does not rule out some 
ad ad y/T x! sad aad other solvent effect. Another prediction of 
the Jenkins—Bauer and Sutton—Frank theories, 
viz., that the polarisation should be higher in carbon disulphide than in other non-polar 
solvents (see above); is, as Table I shows, not fulfilled. The drop of P, — yP, in chloroform 
is almost certainly due to drop in polarisation of the solvent, owing to dipole saturation 
in the neighbourhood of the local dipoles of the solute molecules (Frank, Joc. cit.). 

The remaining possibilities are atom polarisation and orientation polarisation by 
bending. If the latter is the cause, the vibrations must be nearly harmonic because of 
the temperature invariance, and we may therefore estimate Vo, the force constant. Equa- 
tion (1) must be modified for beryllium acetylacetonate, because vibrations of the rings 
are at right angles instead of being coplanar: there are, in effect, two independent oscil- 
lators, each with a force constant Vy, and it may readily be shown that P = 8xNy?/9V 9. 
Since there are both co-ordinate links and carbonyl groups in the rings, p, is probably large, 
say 7-5D. (see p. 1284). Hence, since P = 27 c.c., Vg = 3-7 ergs/radian®/molecule. By 
assuming that the rings bend about the beryllium atom as a centre, a rough calculation 
of the period of oscillation may now be made and it gives a value of 1 — 2 x 107 sec. 
The time of relaxation of nitrobenzene in decalin or in benzene is 4 — 5 x 10°™™ sec., 
so in order to suit the thermal polarisation theory the period of vibration should be not 
less than 4— 5 x 10" sec. Actually it is at least thirty times less, #.e., the ratio of force 
constant to reduced mass is at least nine hundred times greater than would be permitted 
on this theory. 

As a result of the foregoing process of elimination we are led to conclude that the most 
probable cause of the anomalous polarisations of the acetylacetonates is the one originally 
suggested. The arguments are not conclusive, but the remaining uncertainties cannot 
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be settled without using vapour polarisation data. Such data are described and dis- 
cussed later (p. 1269). j 
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239. The Electrical Moments of p-Benzoquinone and Related 
Compounds. 


By D. Lit. Hammick, G. C. Hampson, and G. I. JENKINS. 


p-Benzoquinone as ordinarily formulated is sufficiently symmetrical to be non- 
polar, yet it appears to be slightly, but definitely, polar. It has been shown that not 
only this compound, but also its symmetrical dimethyl- and dichloro-derivatives, 
and 2:2:4:4-tetramethylcyclobutane-1 : 3-dione, all have about equal differences 
between their total and electron polarisations. A mechanical model of the classical 
structure of ~-benzoquinone bends very easily in such a way as to bring the two 
carbonyl groups out of the plane of the ring, and it seemed possible that the polaris- 
ations might arise from slow bending in this mode, due to thermal energy, which would 
enable the molecule to orient as a dipole while bent. It is concluded that such bending 
cannot be important, for if it were, the polarisations of the other diketones should be 
markedly different, which is not the case, and the rigidity of the ring is attributed to 
resonance. Furthermore a calculation of the frequency of this kind of bending does 
not agree with the infra-red absorption frequency. Both frequencies are far too high 
for orientation to occur, so the thermal bending theory is excluded and the polarisation 
discrepancies are considered either to be rather high atom polarisations, in agreement 
with the measurements in the far infra-red, or solute—solvent interactions. 


A DETERMINATION of the electric dipole moment of #-benzoquinone by Hassel and 
Naeshagen (Z. physikal. Chem., 1930, B, 6, 441), by measurement of the total and the 
electron polarisation at one temperature, gave the value of 0-67 pD. in benzene solution 
(p. = 10°18 e.s.u.). Since -quinone is usually assigned a symmetrical planar structure 
(Robertson, Proc. Roy. Soc., 1935, A, 150, 106), which should have zero moment, a further 
investigation of this anomaly was undertaken. Hassel and Naeshagen’s value was 
confirmed and work was extended to similar compounds and to solvents other than benzene 
(Hammick, Hampson, and Jenkins, Nature, 1935, 136, 990). 
On the assumption that the atom polarisation in #-quinone is small, the observed 
_ difference between total and electron polarisation may be explained by postulating a non- 
rigid structure for the molecule, and the construction of a mechanical model indicated 
that the molecule was not nearly as rigid as the graphic formula would lead one to expect. 
If the quinonoid structure can be easily distorted by simultaneous rotation about the four 
single bonds, then, as will be shown later, the moment of 2 : 5-dimethyl-p-benzoquinone 
should be slightly larger and that of the 2 : 5-dichloro-compound appreciably less than 
that of p-benzoquinone. The flexibility theory was further tested by measuring the moment 
of 2: 2:4: 4-tetramethylcyclobutane-1 : 3-dione, where, owing to the large strain already 
present in the four-membered ring, a further distortion of the molecule by thermal impacts 
is improbable. 
EXPERIMENTAL. 


Preparation and Purification of Materials —Benzene. B.D.H. AnalaR benzene was frozen out 
three times to remove homologues and then refluxed over phosphoric oxide in a stream of dry 
air for 1 hour. Finally it was distilled in an all-glass apparatus into a receiver, protected from 
moisture by the dry air stream. 
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Carbon tetrachloride. Albright and Wilson’s pure material for medicinal purposes was 
refluxed over phosphoric oxide and then distilled in a dry air stream. 

n-Hexane. B.D.H. pure hexane for spectroscopy was used without further purification, 
It was dried in the same manner as benzene. 

p-Benzoquinone. The material used for the measurement in benzene was obtained from 
crude quinol according to ‘‘ Organic Syntheses,”’ 2, p. 85. Purification was effected by crystal- 
lising it twice from benzene; m. p. 113-3—113-8°. For measurements in carbon tetrachloride 
and m-hexane the quinol was crystallised from water before oxidation to p-quinone. The 
crude quinone was steam-distilled, then crystallised once from benzene and twice from benzene— 
ligroin (b. p. 60—80°); m. p. 112-8—113-6°. The m. p. is lower than that of most workers 
(Hesse, Annalen, 1860, 114, 300, gives 115-7°), but careful purification by crystallisation and 
sublimation gave no further change. 

2: 5-Dimethyl-1 : 4-benzoquinone. This was prepared from #-xylidine (redistilled, b. p. 
213—215°) by oxidation with potassium dichromate (Kehrmann and Stiller, Ber., 1912, 45, 
3348). The mixture was steam-distilled and extracted with ether. The solid was crystal- 
lised twice from alcohol and finally sublimed in a vacuum; m. p. 123-6—124-3°. Carstanjen 
(J. pr. chem., 1881, 23, 423) gives 123-6°; Nietzki (Ber., 1880, 18, 472) gives 125°. 

2 : 5-Dichloro-1 : 4-benzoquinone. Quinol was chlorinated directly with hydrochloric acid 
and potassium perchlorate to 2: 5-dichloroquinol, which was then oxidised with sodium 
dichromate (Ling, J., 1892, 61, 558). The product was crystallised once from alcohol, once 
from benzene, and sublimed in a vacuum; m. p. 160-4—161-4°. Ling (loc. cit.) gives 161°, 
Levy and Schultz (Amnalen, 1881, 210, 150) 159°, and Jackson (J. Amer. Chem. Soc., 1914, 
36, 1484) 161°. 

2: 5-Dibromo-1 : 4-benzoquinone. This was prepared from quinol by direct bromination 
in glacial acetic acid with bromine, followed by oxidation with ferric chloride at 50° for 2 hours 
(Sarauw, Annalen, 1881, 209, 113). The crude product was crystallised once from alcohol 
and twice from benzene. It was sublimed in a vacuum immediately before measurement ; 
m. p. 190-6—191-3°. Sarauw (loc. cit.) gives 188°. 

2:2:4:4-Tetramethylcyclobutane-1 : 3-dione. The first sample was prepared from 
a-bromoisobutyryl bromide and freshly coppered zinc turnings, in a stream of dry nitrogen 
(Wedekind, Ber., 1906, 39, 1644; Staudinger and Klever, ibid., p. 968). Distillation of the 
ligroin extracts yielded, at 75—90°/60 mm., a quantity of oil in which crystals were embedded. 
These were freed from the oil by filtration and purified by sublimation at reduced pressure. 
The yield was very poor; m. p. 113-3—114-3°. 

For satisfactory purification and for accurate measurement a larger amount of the substance 
than was given by the above method is required. Very good yields were obtained by the 
action of dry triethylamine on pure isobutyryl chloride (Wedekind and Weiswange, Ber., 1906, 
39, 1631). The reaction was carried out in dry carbon disulphide in an atmosphere of dry 
nitrogen. The combined carbon disulphide-ether extracts were fractionated at 40—50 mm. ; 
the distillate at 90—100° condensed to a mixture of oil and solid material. The solid, separated 
by filtration, was washed several times with ice-cold ligroin. The total yield from three experi- 
ments (8-6 g. from 75 g. of isobutyry]l chloride) was crystallised twice from ligroin (b. p. 80—100°) 
and fractionally sublimed at 200 mm.; m. p. 113-7—114-0°. 

Measurements.—The approximate solution method developed by Debye (“‘ Polar Molecules,” 
New York, 1929, p. 42) was used for the evaluation of the total polarisation of the compounds, 
with a heterodyne-beat apparatus. The solution condenser was constructed of brass plated 
with platinum (H. O. Jenkins and Sutton, J., 1935, 609). Refractive indices were measured 
in a centrally divided cell on a Pulfrich refractometer, the source of light being a filtered mercury 
arc. Densities were measured in an ordinary Sprengel—-Ostwald type pyknometer of about 
10 €.c. capacity. 


Tables of Results. 
f, a ad. €. n*, 


4 
p-Benzoquinone in benzene at 25°. 


0-029697 0-8833 2-2934 2-2605 
0-023679 0-8818 2-2898 2-2600 
0-017521 0-8796 2-2852 2-2593 
0-010103 0-8773 2-2799 2-2583 
0-0 0-8739 2-2727 2-2571 


a+oP, = 37:15 — 28-32 = 8-83 c.c.; p = 0-65n. 
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0-021117 
0-016292 
0-012396 
0-007794 
0-0 


0-030880 
0-021684 
0-014363 
0-009585 
0-0 


0-020514 
0-018770 
0-016542 


: 4: 4-Tetramethylcyclobutane-1 : 3-dione in benzene at 25°. 


lst measurement : 
0-01192 
0-00737 
0-00492 
0-0 


2nd measurement : 
0-02778 
0-02062 
0-01438 
0-00856 
0-0 


dat 


ts 


€. 


n*, 


p-Benzoquinone and Related Compounds. 


P,. 


p-Benzoquinone in carbon tetrachloride at 25°. 


1-5767 
1-5785 
1-5800 
1-5817 
1-5847 


2-2409 
2-2378 
2-2349 
2-2320 
2-2263 


2-1373 
2-1362 
2-1352 
2-1339 
2-1329 


a+oP, = 38-01 — 28-42 = 9-59 c.c.; wp = 0-68D. 
p-Benzoquinone in n-hexane at 40°. 


0-6530 
0-6527 
0-6525 
0-6526 
0-6502 


a+oP, = 37:0 — 28:4 = 8-7 c.c.; wp = 0-66D. 


1-8685 
1-8684 
1-8680 
1-8684 
1-8841 


35°56 
37-61 
37-01 
37-98 


2 : 5-Dimethyl-1 : 4-benzoquinone in benzene at 25°. 


0-8831 
0-8803 
0-8780 
0-8766 
0-8737 


a+oP, = 47:°8 — 38-4 = 9-5 c.c.; p = 0-68D. 


2-2955 
2-2886 
2-2833 
2-2796 
2-2727 


2-2603 
2-2597 
2-2588 
2-2583 
2-2571 


47-89 
47-81 
47-92 
47-65 


2 : 6-Dichloro-1 : 4-benzoquinone in benzene at 25°. 


0-8917 
0-8903 
0-8882 
0°8857 
0-8810 
0-8737 


a+oP, = 47-2 — 38-4 = 8-8 c.c.; wp = 0-64D. 


2-2921 
2-2900 
2-2881 
2-2885 
2-2804 
2°2727 


2-2640 
2-2645 
2-2629 
2-2618 
2-2610 
2-2571 


47-38 
46-87 
47-29 
47-08 
47-23 


2 : 5-Dibromo-1 : 4-benzoquinone in benzene at 25°. 


0-8878 
0-8737 


2-2829 
2-2727 


54 


a+oP, = 54 — 44-0 (calc.) = 10 c.c.; p = 0-70D. 


0-8748 
0-8744 
0-8742 
0-8737 


2-2760 
2-2748 
2-2731 
2-2727 


2-2492 
2-2538 
2-2538 
2-2571 


a+oP, = 48 — 36 = 12 c.c.; p = 0-8D. 


0-8763 
0-8757 
0-8751 
0-8746 
0-8738 


2-2792 
2-2779 
2-2760 
2-2748 
2-2727 


2-2459 
2-2483 
2-2503 
2-2526 
2-2571 


49-0 
49-1 
45-9 


a+oP, = 48-5 — 37-7 = 10-8 c.c.; wp = 0°72D. 


Prof. J. Errera and Dr. C. H. Cartwright very kindly measured the refractive indices of a solution 
of p-benzoquinone in benzene, in the far infra-red. They reported as follows: “ The following 
measurements and calculations refer to a solution of 2-5 g. of p-benzoquinone in 20 c.c. of 
benzene. R is the percentage reflection, the index of refraction, Tyeqs. the transmission 
actually measured, T’ gor, is the transmission corrected for reflection (quartz—liquid and liquid— 
quartz), and m, is the absorption coefficient as calculated from T’ = e~4*"4/A, where d is the 
thickness of the solution. 


R meas. for soln., % 

R for pure benzene, % 
n of solution 

n for pure benzene 

T meas. for d = 0-50 mm., 
T’ corr.» % 


SRA AROS 
ess 


63 
159 


oo 


Orr 
0a? Ge <5 BD ons om G0 G0 
CASAAHROSS 


~~ 
to 2 
ow 


Noee 
SESS ST Oe 
Se Anoe seo 

© 


100 
100 
4- 


oy, 


i 09 69 
Peter =e 
OA WMA AOS 


117 
85 


oe 


— oO 
RSG ome 
Awkoanaoca 


152 
66 


i--3-:) 

QED Se he bat mt i 

Ik OA 
BAOm 





1266 Hammick, Hampson, and Jenkins: The Electrical Moments of 


The decided absorption band near 120 cm.-! is the most clearly defined of any we have 
observed from studying 25 liquids. There is also considerable evidence to indicate that this 
band is due to a fundamental mode of vibration of the entire molecule (such as a bending).” 

Other data for the solution : 

Molecular fraction, f,, = 0-0935; density (at 16-5°) = 0-9124; refractive index in far 
infra-red (nj;) = 1-53 to 1-52. ».,P, (benzene) = 25-6 c.c. (Cartwright and Errera, Proc. Roy. 
Soc., 1936, A, 154, 138). , 

From these data ,,,P, (p-benzoquinone) = 44-5 c.c. (for mj, = 1-53) to 37-9 c.c. (for nj, = 
1-52). Taking ,P, as 28-3 c.c. from previous data (vide supra), it follows that the atom 
polarisation of p-benzoquinone, ,P,, is 16-2 to 9-5 c.c. 


DISCUSSION. 
The experimental results are summarised in the following table : 


Substance. Solvent. Fe EP). a+oP3. %. 
p-Benzoquinone 37-15 28-32 8-83 31-2 
38-01 28-42 9-59 33-8 
” 37-0 28-4 , 30-6 
Dimethylquinone C,H. 47-8 38-4 . 24-8 
Dichloroquinone * 47-2 38-4 ° 22-9 
Dibromoquinone 54 44-0 , 22-7 
Tetramethylcyclobutanedione 48-5 37-7 . 28-6 

The remeasurement of the electrical polarisations of ~-benzoquinone confirmed the 
value obtained by Hassel and Naeshagen and by Le Févre and Le Févre (J., 1935, 1696). 
All the compounds measured have geometrically symmetrical molecules whose electrical 
moments should be zero, yet the observed differences between the total and the electron 
polarisations in solution are from 8-6 to 10-8 c.c. The possibility of polar impurities being 
present can be ruled out, since different specimens prepared or purified by different methods 
gave identical results. As regards solvent effect, the values for ~-quinone in benzene, 
carbon tetrachloride, and n-hexane are identical within the experimental error, and so if 
the moment is to be attributed to a solvent effect, it cannot be a specific effect of one solvent. 
The anomalous electrical moments can therefore be ascribed to one of three causes—atom 
polarisation, a flexibility moment due to a non-rigid nature of the molecule, or a general 
solvent effect. 

The question of atom polarisation is dealt with more fully in the following paper. 
The value of this quantity, as obtained from vapour measurements, was usually of the 
order of 4 c.c. and very rarely exceeded 6 c.c. (Sugden, Trans. Faraday Soc., 1934, 738), so 
it seemed improbable that the value in #-benzoquinone and its derivatives would be as large 
as9c.c. The usual allowance for atom polarisation is 5—10% of the electron polarisation 
(Wolf and Fuchs, “ Dielektrische Polarisation,” Leipzig, 1935, pp. 262, 299; Groves and 
Sugden, J., 1935, 971; 1937, 1779), but in these compounds the proportion would be much 
greater, ranging from 22% for the dichloroquinone to 34% for p-benzoquinone in carbon 
tetrachloride solution. 

That the anomalous moment may be due to a flexibility of the molecule was suggested 
in an earlier communication (Hammick, Hampson, and Jenkins, Joc. cit.). Le Févre and 
Le Févre (loc. cit.) also have made this suggestion. From the constancy of the polarisation 
with temperature they deduce that the real moment is zero, but the range of temperature 
employed (25° to 45°) is too small to warrant such a deduction. 

The flexibility of the quinonoid structure is indicated in Figs. 1 and2. A mechanical 
model showed that the plane formed by carbon atoms 2,3,5 and 6 was rigid, but those formed 
by 1, 2 and 6 and by 3, 4 and 5 were capable of oscillating about ad and cd, respectively, 
as axes. Over a certain small range the oscillation was fairly free from any retarding force, 
but outside this range considerable pressure was necessary to distort the molecule further. 
When the carbon atoms (1, 2 and 6) forming the plane ABC are deflected to the position 
A'BC, it is assumed that the entire strain is taken up by the change of angle « to ¢, the 
amount of the strain being «—¢. With this assumption it follows that cos ¢=cos «. cos 0; 
«a = 125°15’ in the quinone molecule. The graph of « — ¢ against 6 shows that over 
a small range of @ the strain set up is small but then increases rapidly. Assuming that 


” 
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the observed dipole moment of #-quinone is entirely due to such'a thermal oscillation and 
that the individual moment of the C=O link is 2-5 D., it follows that a permanent deflection 
(6) of 8° (sin! 0-66/5-0) is sufficient to produce the moment. A deflection of 8° produces 
a strain of 24’ per carbon atom (calculated from the above equation). The energy increase 
required to produce this is 1-2 cals. per g.-mol. (Sidgwick, Aun. Reports, 1932, 65) or for 
the whole molecule, i.¢e., four strained links, 4-8 cals. As the average energy of impact 
at 25° is 600 cals. per g.-mol., the flexibility of the molecule can easily be accounted for by 
thermal impacts. The observed polarisations are indeed much smaller than one would 
expect to be produced by the thermal energy of 600 cals., but Pauling and Sherman (J.Chem. 
Phys., 1933, 1, 614) calculate that the resonance energy of p-benzoquinone is approximately 
13,000 cals., which they attribute to large contributions from resonance forms having 
benzenoid rings. These structures would stiffen the molecule appreciably, so the low 
values of the moments do not necessarily constitute an objection to this theory. 


Fic. 1. 


A mechanical model shows that when the quinonoid structure is distorted in the manner 
shown in Fig. 1, the valency bonds attaching substituted groups are deflected out of the 
plane of the ring by an equal amount but in an opposite sense to the movement of the CO 
groups. The moments of the disubstituted derivatives should, therefore, be greater or 
less (according to the direction of the moment of the substituted group) than that of p- 
benzoquinone. Hence, if the observed electrical moment of the quinones is due to this 
flexibility, the moment of the 2 : 5-dichloro-derivative should be less than that of quinone 
and equal to 2 sin 6 (ugg — uo)). §& being taken to be 8°, the moment of the CO link 2-5, 
and that of the C—Cl link 1-5, the moment of the derivative should be 0-26 p. This 
decrease is well outside experimental error and the equality of the moments of p-benzo- 
quinone and its derivatives is a serious objection to the above flexibility hypothesis. 

The four cyclic carbon atoms in 2:2:4:4-tetramethylcyclobutane-l : 3-dione are 
already strained by 19°28’ and so any considerable further straining of these bonds by 
thermal agitation is impossible, yet the difference between the total and the electron 
polarisation in benzene solution is 10-8 c.c., almost the same as that for p-benzoquinone 
and its derivatives. Angus, Leckie, Le Févre, Le Févre, and Wassermann (J., 1935, 1751) 
find for the two solutions they measured total polarisations of 42-9 and 45-9 c.c. A 10% 
addition to the electron polarisation, to allow for atom polarisation, gives a value of 41-3 
c.c. From these figures they conclude that the moment is undetectably small. This 
conclusion is doubtful, as their solutions are rather dilute (0-00417 m and 0-00429 m) for 
accurate measurement of a substance with such a low polarisation. The ,, 9P, value now 
reported is no less than 28-6% of the electron polarisation. The tetramethyl derivative 
was used rather than cyclobutanedione itself because with the latter there is enolisation 
(Angus, Leckie, Le Févre, Le Févre, and Wassermann, loc. cit.). Two samples of the tetra- 
— derivative, prepared by different methods, were measured, the results being almost 
identical. 

Further evidence against a slowly vibrating quinone molecule is obtained from a 
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calculation of the vibration period. P, the electrical polarisation due to vibration, is related 
to the moment, yu, of the vibrating group by the equation 


(preceding paper), where V4 is the bending force constant. In the case of /-benzoquinone 
P is approximately 9 c.c., up = 2-5 x 1078 e.s.u., and hence V, = 5-876 x 10° erg/ 
radian*/molecule or 2-596 cals./degree?/g.-mol. The period of the oscillation can be 
calculated from this force constant and if it is assumed that the motion is simple harmonic 
and of the type indicated in Fig. 1 a value of 5-91 x 107!’ sec. is obtained. The time of 
relaxation of medium-sized molecules is of the order of 107! to 107! sec. (Debye, Trans. 
Faraday Soc., 1934, 30, 679), so this type of oscillation leads to far too short a period to 
make any contribution to the orientation polarisation. The measurement of the refractive 
index of a benzene solution of #-benzoquinone in the far infra-red indicates a value of 9 
to 16 c.c. for the excess of P, over yP, at this frequency. This difference, however, can 
only be interpreted as atom polarisation if it can be shown that the molecule has no 
permanent dipole moment and that there is no solvent-solute interaction, which has not 
been done. Although the period of the oscillator postulated above is far too short for 
orientation polarisation to arise from bending, it in no way excludes the possibility of atom 
polarisation. If the mode of vibration studied is the correct one, it should lead to an 
absorption band with a maximum at a field-period of 5-91 x 107% sec., but the observed 
absorption band in the infra-red is at 120 cm.~! (p. 1266), i.e., a period of 2-8 x 107% sec. 

With the large strain which is already present in the four-membered ring the intro- 
duction of further strain by bending would require a large amount of energy. On the 
assumption, however, that it is possible and that the axis of vibration is that joining the 
two methylated carbon atoms, the force constant V,, calculated from the polarisation, 
108 c.c., is 4-897 x 10° erg/radian®/molecule. This, for simple harmonic motion, 
gives a period of 5-85 x 10-18 sec., which again is much shorter than the normal time of 
relaxation. 

The observed facts may be interpreted as follows. The equality of the moments of 
p-benzoquinone, its disubstituted derivatives, and 2:2: 4: 4-tetramethylcyclobutane- 
1 : 3-dione practically rules out the possibility of the anomalous polarisation being due to 
bending in this particular mode. The calculated period of the oscillation is smaller than 
the time of relaxation and so eliminates the possibility of orientation polarisation arising 
from thermal vibrations. If the anomaly is due to atom polarisation, it cannot arise from 
vibrations of the type postulated, since the absorption band in the infra-red is at 120 cm.*. 
Two possible explanations remain: (1) The atom polarisation of compounds containing 
two carbonyl groups is abnormally large, but the vibrations causing this must be of a 
different type from those dealt with above. (2) With such compounds there is a general 
solvent effect, one applicable to all solvents. The measurement of the polarisations of 
the substances in the vapour state is the only means of enabling a decision between the two 
explanations to be made and such experiments are dealt with in the following paper. 
The conclusion that the molecule does not bend as the classical structure would lead one 
to expect demonstrates the inadequacy of this formulation. The considerable degree of 
rigidity of the ring is attributed to resonance. 


The authors wish to thank Prof. N. V. Sidgwick and Dr. L. E. Sutton for their help and 
interest in this work and Prof. J. Errera and Dr. C. H. Cartwright for their dispersion measure- 
ments. They are-also indebted to the Ramsay Memorial Fellowship Trust for a Fellowship 
to one of them (G. C. H.), to the Department of Scientific and Industrial Research for a 
maintenance allowance to another (G. I. J.), and to Imperial Chemical Industries, Ltd., for 
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240. Measurements of the Electric Polarisations of the Vapours of Some 
Substances having Anomalous Dipole Moments, and their Bearing on 
the Theory of Atom Polarisation. 


By I. E. Coop and L. E. Sutton. 


The problems remaining over from the two previous papers have been attacked 
by measuring electric polarisations in the vapour phase, the previous measurements 
having been made in solution. The results show finally that the anomalous moments 
are not due to solvent effects. Furthermore, the polarisations are all independent of 
temperature over considerable ranges, so the compounds are certainly non-polar. 
Essentially the same results were found with p-dinitrobenzene, p-nitrocyanobenzene, 
p-dicyanobenzene, and several inorganic tetrahalides, which show similar anomalies. 

All of the anomalous compounds have a common characteristic : they would be non- 
polar in their unperturbed configurations but would become highly polar on being bent 
or twisted in certain ways. The facts could therefore be qualitatively explained as due 
either to slow, thermal bendings, or to bendings caused by the applied field, 7.e., atom 
polarisation. But as in the earlier case of beryllium acetylacetonate, so too in all others 
where the calculations could be made, the vibration frequencies prove to be too high 
to be compatible with the former theory; the latter must therefore be accepted. This 
theory leads to a relation between atom polarisation, force constant of bending, and 
bond moment for a molecule, and it was tested quantitatively by taking experimental 
values for any two of these and comparing the calculated value of the third with the 
measured value.’ In most cases good agreement was found, but an outstanding 
exception to this is the series of diphenylmercury compounds. 

A satisfactory explanation of the polarisations of the diketones was reached from the 
hypothesis that each C—O bond bends relative to the rest of the molecule and 
perpendicular to the plane of the double bond. 


THE work of Finn, Hampson, and Sutton (this vol., p. 1254) on metallic acetylacetonates, 
and of Hammick, Hampson, and G. I. Jenkins (preceding paper) on symmetrical diketones 
pointed to atom polarisation as the most likely cause of the anomalous moments of these 
substances, but did not entirely rule out other possibilities. In order finally to decide 
whether or not solvent effects are responsible, it was decided to measure polarisations 
in the vapour phase, and, the better to distinguish between other explanations, to do 
this over as wide a range of temperature as possible. 

It was suspected that the anomalous moments of a number of other supposedly 
symmetrical compounds might arise from the same cause, whatever this may be, so the 
examination was extended to include several f-disubstituted benzene compounds, and some 
tetrahalides. 

EXPERIMENTAL. 


In order to realise the aim thus outlined, considerable attention had to be given to the 
design and construction of the apparatus. It had to give good results with vapour pressures 
of 30—50 mm., for measurements over a large temperature range to be possible. At the same 
time it had to be of general chemical utility, since most of the substances to be examined were 
solid at the ordinary temperature and many of them would react with mercury or common 
metals. The vapour system was therefore separated from the manometer by means of a glass 
Bourdon gauge, and the plates of the vapour condenser were made of platinum foil. Asa result 
the condenser had a relatively small capacity, of about 100 yyF, but the sensitivity of the 
apparatus was maintained by keeping the total capacity low. A relatively large inductance 
was used in order to bring down the frequency to the convenient value of about 10° kc. 

A heterodyne type of apparatus was decided upon, because of long and favourable experience 
with a solution apparatus of this kind. Several oscillator circuits described in the literature 
were tried, including that used by Stranathan (Rev. Sci. Insir., 1934, 5, 334) and the dynatron 
circuit used by Groves and Sugden (J., 1934, 1094); the one finally adopted (Fig. 1) is a 
modification of one suggested to us by Mr. D. A. Bell, of the Marconi Research Department. 
Except for the system of measuring condensers the two oscillators are identical. The capacity 
and inductance forming the oscillating circuit are in the anode lead, the anode therefore being 
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earthed. The insulated ends of the condensers are coupled to the grids of the valves (Marconi- 
Osram M.L. 4) by means of 0-01 uF condensers C,. The strength of the oscillations is prevented 
from becoming too great by the resistances R, (2500 ohms) and controlled by variable grid- 
leaks. The remaining set of radio-frequency chokes and by-pass condensers are for decoupling. 
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In order to reduce the cross-coupling of the oscillators and at the same time to obtain 
sufficient amplification, a stage of H.F. amplification for each oscillator was incorporated. The 
amplified H.F. currents are fed into a tuned receptor circuit with detector valve in the amplifier 
proper. 

The heterodyne note is tuned by audible beats to that of a valve-driven tuning-fork, as usual. 

The entire apparatus is run from A.C. mains. In order to supply stabilised high-tension 
to the oscillator valves a barretter and “‘ Stabilovolt ’’ tube were incorporated in the way 
recommended in the Marconi pamphlet. The arrangement proved very satisfactory. 

The inductances of the oscillators were made by winding 63 turns of copper wire under 
tension on to silica formers which are 6” long and 2}” in diameter, and have spiral grooves at 
20 T.P.I. cut on them. The tappings are 35 turns from the earthed ends. The condenser C, 
of the reference oscillator is a special Cyldon condenser, and is set permanently at about 150 uyF. 
In the measuring oscillator, C, is a small Cyldon condenser, set near 20 pu F, for rough adjust- 
ments; C, is the vapour condenser, of about 100 puF capacity; C, is a small fixed condenser 
(ca. 10 uuF) of special ceramic material (‘‘Calit’’) with fused-on silver electrodes, which is 
claimed to have great stability; C, is similar to C, but of ca. 100 uyF capacity; and C, isa 
small, variable, cylindrical condenser (made by the Leybold firm) for fine adjustment and 
measurement: it has a capacity range of about 25 uuF with 5000 divisions. This arrangement 
gave a convenient working frequency, together with great sensitivity. 

The oscillators, constructed with great rigidity, are inside a duralumin box, 24” x 18” x 12”, 
the two being shielded by a central partition, and the valves and the Leybold condenser being 
on top of the box. This is inside a large air thermostat, left going continually, wherein the air 
temperature is maintained constant to within + 0-1°. This is essential to keep down frequency 
drifts to reasonable limits; they are only 10 beats, or less, per hour, which corresponds to 
0-00002 or less change per hour in dielectric constant of the vapour, or to 0-000003 during the 
10 minutes necessary for taking a reading. 

The Vapour Condenser.—This consists of three concentric platinum foil cylinders, of lengths 
11, 10, 11 cm. and approximate diameters 2-2, 2-0, 1-8 cm., mounted in a fashion similar to that 
described by Fairbrother (J., 1932, 43). At both ends of each cylinder, three short, stout 
platinum wires are welded at 120° to each other; to these are spot-welded short tungsten wires 
which are sealed into Pyrex beads which cover them completely. The cylinders thus spaced 
are mounted vertically in a closely fitting Pyrex tube, the three beads at the top being fused toa 








[mtr rrr nn en - $+ -- - = -- 








[1938] Measurements of the Electric Polarisations, etc. 1271 


rod passing up the centre, while the beads at the bottom are shaped so as just to touch the rod. 
Thus there is no strain on heating or cooling. The leads to the oscillator are of thin platinum 
wire, taken through covered Pyrex—tungsten seals at the walls, and carefully spaced in separate 
glass tubes until they emerge from the thermostat. The outer- and inner-most cylinders are 
earthed. 

This type of cell, with plates having a large surface to mass ratio owing to their being of 
platinum, proved to have the unanticipated virtue of reaching thermal equilibrium with the 
bath very rapidly. Careful tests showed that temperature equilibrium between the bath, cell, 
and vapour is reached in a time shorter than that necessary to introduce the vapour. 

The cell is firmly clamped in an oil-bath which can be regulated to within + 0-1° at any 
temperature up to 250°. 

Calibration.—The measuring condenser system is essentially the same as that described by 
Groves and Sugden (J., 1934, 1094), but the method of calibration differed in that a direct 
relation was determined between a change of reading on the Leybold condenser and a known 
change of dielectric constant of the medium in the cell. 
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Dry, carbon dioxide-free air and pure, dry carbon dioxide were used for calibration. From 
the recorded data we have taken 1-000582 and 1-000987 respectively as the most probable values 
of ¢ for these gases at 0° and 760 mm. pressure (see Zahn, Physical Rev., 1926, 27, 455; Bryan 
and Saunders, ibid., 1928, 32, 202; Stuart, Z. Physik, 1928, 47, 457; McAlpine and Smyth, 
J. Amer. Chem. Soc., 1933, 55, 453; Watson, Rao, and Ramaswamy, Proc. Roy. Soc., 1933, A, 
148, 558). A curve of (¢ — 1) x 10* against scale reading was constructed from some 50 
measurements on air at seven different temperatures between 15° and 220°. To check it, 
carbon dioxide prepared both from sodium bicarbonate and from magnesium carbonate was 
used, some twenty measurements being made. After van der Waals corrections had been 
made, the two curves were very nearly identical, and would have been perfectly so if the value 
of ¢ for carbon dioxide had been taken as 1-000989. MRecalibrations with air were made 
periodically. 

Vapour System.—Fig. 2 shows the vapour control system. 

DE is a glass Bourdon gauge forming the partition between vapour and air; it is heated in 
a well-lagged furnace. An image of the pointer E and of a miniature scale are projected on to a 
screen, and the gauge calibrated in terms of the scale divisions for making corrections of a few 
tenths of a millimetre. The gauge is balanced by a wide-bore mercury manometer, from which 
pressures are read with a cathetometer. The pressure within the vapour system can be read to 
within + 0-1 mm. 4 

The substance to be investigated is sealed on in the tube BC or, in the case of liquids, is 
distilled in a vacuum into the tube. After being evacuated, with the substance cooled in liquid 
air if necessary, the system is completely sealed off by fusing the constriction G. When it is 
desired to let air in at the end of an experiment, the tubing above G is bent out of the way, 
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rubber tubing is slipped over FG, and the end clipped. By snapping the thin-walled constriction 
F a regulated flow of air can then be admitted. 

The usual system of liquid-air traps, diffusion pumps, and rotary pump is used for evacuation. 
The whole system is baked out under vacuum at 200—250° after each substance has been 
measured, 

All tubing in contact with vapour is heated by nichrome wire windings. The pressure of 
vapour is controlled by the heating of the tube BC, and it was found that by doing this carefully 
it is possible to maintain the pressure constant to within + 0-1 mm. for periods of 5—15 
seconds, which is ample time for setting the Leybold condenser to zero beat. Switching the 
heating current on and off causes a change of space capacity of the leads, owing to the change 
of potential at A, so the vapour is condensed by shorting the wiring on BC and cooling the tube 
in liquid air. The average of the in and out readings is taken as one complete measurement, 
in order to eliminate error due to drift of the reading for vacuum. The process takes about 10 
minutes. 

In this manner five to ten measurements are made at one temperature, in order to get rid of 
non-systematic errors and to detect any variation of polarisation with the pressure used; none 
was found. The polarisation is calculated from the formula 
_e—1M_ 20790 x T x (e — 
e+ 2° a Pam, 
which assumes that the vapours obey the simple gas laws. For the Group IV tetrahalides, van 
der Waals constants are known, and it has been calculated that the polarisations given for 
these compounds may be somewhat high, but not by more than 0-15 c.c. For all the other 
compounds the constants are unknown, but the pressures at which they were measured were 
much lower, and the temperatures higher, so the errors are certainly very small. No change of 
polarisation with pressure was observed experimentally. 

Preparation and Purification of Materials.—Beryllium acetylacetonate was prepared as 
described by Finn, Hampson, and Sutton (this vol., p. 1255). M. p. 103—103-6° and 108-1— 
108-6° (dimorphic) (cf. authors cited). 

Aluminium acetylacetonate was made and purified as described by the above-mentioned 
authors. It was sublimed in a vacuum immediately before use. 

Chromium, ferric, and thorium acetylacetonates were supplied by Dr. A. E. Finn, and were 
repurified by recrystallisations and vacuum sublimation immediately before use. 

2:2:4:4-Tetramethylcyclobutane-1 : 3-dione, supplied by Dr. G. I. Jenkins, was repurified 
by two recrystallisations from ligroin (b. p. 40—60°) and two vacuum sublimations. M. p. 
113-7—114-0° (cf. Hammick, Hampson, and G. I. Jenkins, this vol., p. 1264). 

p-Benzoquinone. A commercial specimen was steam-distilled, recrystallised once from 
benzene and three times from benzene-ligroin (b. p. 60—80°), and vacuum-sublimed immediately 
before use. M. p. 112-8—113-6° (see p. 1264). 

2 : 5-Dimethyl-1 : 4-benzoquinone, m. p. 123-6—124-3°, and 2 : 5-dichloro-1 : 4-benzoquinone, 
m. p. 160-4—161-4°, were both supplied pure by Dr. G. I. Jenkins, but were vacuum-sublimed 
immediately before use. 

Titanium tetrachloride supplied by Mr. M. W. Lister was twice vacuum-distilled over copper 
bronze. 

Germanium tetrachloride. Pure germanic oxide, supplied by Dr. F. M. Brewer, was reduced 
at 900° with hydrogen, and chlorine then passed over it. The excess of chlorine was removed 
from the product by copper bronze, and the product fractionated in a vacuum. 

Stannic chloride. A laboratory specimen was fractionated, the fraction of b. p. 114°/753 mm. 
being collected and again fractionated in a vacuum into the apparatus (cf. 114:1°/760 mm., 
I.C.T.). 

Stannic bromide. A pure specimen supplied by Mr. M. W. Lister was fractionated, the 
middle portion being used. 

Stannic iodide. Kahlbaum’s product was fractionally sublimed twice. 

p-Dinitrobenzene. A sample supplied by Mr. J. B. Bentley was twice sublimed in a vacuum ; 
it showed no change of m. p. 173-5—174-2° (cf. 174°; Wyler, Helv. Chim. Acta, 1932, 15, 23). 

p-Cyanonitrobenzene. A laboratory specimen was sublimed twice in a vacuum without 
change of m. p. 148—149° (cf. 148—149°; Hammick, New, Sidgwick, and Sutton, J., 1930, 1876). 

p-Dicyanobenzene. A laboratory specimen was twice sublimed in a vacuum without change 
of m, p. 221-5—222-5° (cf. 222°; Weissberger and Sangewald, Ber., 1932, 65, 701). 

Tetranitromethane. A sample of m. p. 11-5—12-5° (12-5°; Hammick and Young, J., 1936, 

1464) was fractionated in a vacuum, the middle portion being taken. 
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Results.—In the following tables, the results are given in five columns: (1) Temperature in 
°C. (signs in this column refer to samples), (2) the approximate pressure range used, (3) the 
number of complete measurements made, (4) the average numerical deviation of the individual 
readings from the mean value of the polarisation, (5) the mean value of the polarisation. 
P values are based on a standard value of e = 1-000582 for air at 0° and 760 mm. pressure. 
The electron polarisations, Pg, are taken from the literature. 


TABLE I, 
Beryllium Acetylacetonate. 

T. p. mm. n. AP. P. 
184-6° 25—46 10 0-9 86-6 
186-2 24—50 10 0-45 86-6 

*200°1 52—63 6 0-5 86-0 

211-3 36—62 7 0-6 86-0 
2202 |. ‘35—73 9 0-35 86-15 

241-5 40—80 7 0-4 85-9 
250-2 45—86 3 0-4 85-95 
254-7 39—73 11 0°35 86-05 


P = 86-0 c.c., Pg = 60°5 c.c., P — Pg = 25°5 c.c. 


The values of P at 184-6° and 186-2° are undoubtedly too high, as it was observed that P 
decreases as the pressure decreases. The saturated vapour pressure at 185° is approximately 
50 mm. and the polarisations measured near this are about 90c.c. Of the twenty measurements 
taken, the average value for pressures greater than 40 mm. is 86-9 c.c., and that for pressures 
of less than 40 mm. is 86-45 + 0-5c.c. Since the proportional error in pressure measurements 
becomes considerable at low pressures, further decrease of P with decrease of pressure was masked 
by the scatter of individual measurements. In view of this it is concluded that P would 
approximate to 86-0 c.c. at lower pressures at these temperatures. In any case, the values at 
the other temperatures show clearly that P is independent of temperature. 

In preliminary work, values of 82 and 84 were obtained, but these low values were traced 
to decomposition. This had an important bearing on later work, as showing that when 
acetylacetonates decompose the polarisation is too low. 


TABLE II. 
Chromium A cetylacetonate. 
236-2° 16—21 8 1-4 128-8 
256-1 29—41 8 0-8 127-5 
*247°-1 16—34 8 2-0 133-7 


P = 135-5 c.c., Pg = 95-3 c.c., P — Pg = 40-2 c.c. 


After the first set of measurements at 236-2° there were left 4 mm. of gas which did not 
condense at room temperature. This was pumped off and a second set then done at 256-1°, 
but again there were about 4 mm. of residual gas. In both sets of measurements P decreased 
in successive readings. 

Measurements were therefore made with a new sample at 247-1°, great care being taken to 
avoid overheating. This time, only 1 mm. of gas was left after eight measurements had been 
made; the average of these was 133-7 c.c., but the average of the first three was 135-2, and that 
of the last three was 131-8 c.c. The most probable value is taken as 135-5 + 0-5 c.c. 

Such measurements obviously can give no information about the dependence or otherwise of 
polarisation upon temperature. 


TABLE III. 
Aluminium Acetylacetonate. 
247-1° 23 1 —_ 129-3 
247-1 31 1 — 130-3 
*229-1 12 1 — 132-8 


P = 130°8 c.c., Pg = 91-lc.c., P — Pg = 39-7 c.c. 


This proved even more unstable than the chromium compound. In the first attempt at 
247-1° P decreased from 129 to 126 in three readings; the residual gas was then pumped off, 
and in a further determination P again decreased from 130 to 125 in three readings. A fresh 
sample was then tried at 229-1°, and P decreased from 132-8 to 126 c.c. in six readings. 

Only the first measurements of each of these are given in the table. Itis probable that the 
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true value of P is slightly greater than the average of these, but the latter is the figure quoted, 
130-8 c.c. 
TABLE IV. 
Ferric Acetylacetonate. 
229-1° 9—54 3 1-7 145-4 
P = 146-6 c.c., Pg = 91-5 c.c., P — Pg = 55-1 c.c. 

The values found for P were 146-3, 147-0, and 142-8 c.c., the low third value being due to 
decomposition. The most probable value is therefore taken as the average of the first two, 
i.e., 146-6 c.c. During an attempt to take a fourth reading the substance decomposed suddenly, 
so further measurements were abandoned. 


TABLE V. 
Thorium Acetylacetonate. 
238° 11—20 2 1-7 199-7 


P = 200 c.c., Pg = 127-5 c.c., P — Pg = 72°5 c.c. 


This substance proved very unstable, darkening even on vacuum sublimation. In the first 
run P decreased from 198-0 to 143 c.c. in three readings, and with a new sample, from 201-5 to 
173 in three readings. The value taken for this compound is the average of the first measure- 
ments on the two samples. 

Summary. Decomposition prevented accurate measurements being made on any but the 
beryllium compound. It appeared to take place not on the platinum surfaces but on the walls 
of the glass tubing, brownish deposits being formed thereon. 


TABLE VI. 
Tetramethylcyclobutanedione. 

*90-0° 32—43 6 0-45 46-9 

99-5 75—90 8 0-2 46-9 
138-5 62—127 6 0-1 46-95 

*149-9 47—107 6 0-3 46-9 

174-9 75—117 5 0:3 47°3 

*203-5 56—112 4 0-4 47-2 


P = 46-9 c.c., P = 37-7 c.c., P — Pg = 9-2 c.c. 


This substance was found to be unstable above 150°, decomposition taking place within the 
cell. Many attempts were made to obtain reproducible values above 150°, but they were 
unsuccessful, for not only did P increase as successive measurements were taken, but after these 
high-temperature measurements had been made, high and irreproducible values of P were 
invariably obtained at the lower temperatures, with the same sample. 

The values given for 174-9° and 203-5° are averages of the first few readings on two samples, 
and they are certainly too high. Nevertheless, the polarisation is very constant over a range of 
60°, so it may safely be concluded that the substance is non-polar. 


TABLE VII. 
p-Benzoquinone. 

119-5° 36—54 7 0-5 36-5 
*139-6 40—107 8 0-4 37-05 
7169-6 48—123 9 0-2 36-5 

195-6 50—168 5 0-06 36-3 
198-0 70—137 7 0-2 36-9 

228-5 74—168 6 0-1 36-4 
$246-5 85—164 7 0-1 36-2 


P = 36-55 c.c., Pg = 28-32 (A = 5461) c.c., P — Pg = 8-2 c.c. 
2 : 5-Dimethyl-1 : 4-benzoquinone. 


141-9 28—77 8 0-4 47-4 
195-3 44—95 6 0-15 47-4 
246-3 41—98 6 0-13 47-35 


P = 47-4 c.c., Pg = 38-37 (A = 5461) c.c., P — Pe = 9-0 c.c. 


2 : 5-Dichloro-1 : 4-benzoquinone. 


181-0 45—67 7 0-2 46-3 
245-4 46—87 7 0-2 46-3 


P = 46-3 c.c., Pg = 38-4 (A = 5461) c.c., P — Pg = 8-0 c.c. 
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The results for p-benzoquinone were quite good for the sample measured at 119°, 195°, and 228°, 
but the other measurements were not nearly so consistent as could have been desired. This 
may be attributed to decomposition, since the quinone darkened slightly during a run. 

The stabilising effect of the methyl and chloro-groups in the other compounds is marked ; 
there were no signs of decomposition even at 250°. The results for the latter compounds are 
very consistent, and prove beyond doubt that the quinones are non-polar. 


Measurements of the Electric Polarisations, etc. 1275 


TABLE VIII. 
p-Dinitrobenzene. 

*199-6° 29—41 6 0-2 46-53 
208-9 42—70 5 0-1 46-48 
227-4 41—71 5 0-2 46-34 
244-5 41—87 5 0-2 46-46 

*245-7 44—79 5 0-1 46-58 

$255-2 39—84 6 2 46-46 

$255-2 41—99 6 0-3 46-46 


P = 46-47 c.c., Pz = 38°25 § c.c., P — Pg = 8-2 c.c. 


§ See Tiganik (Z. physikal. Chem., 1931, B, 18, 425), 38-0; Le Févre and Le Févre (J., 1935, 957), 
38-5. 


p-Dinitrobenzene is comparatively stable. Small traces of a gas, less than 1 mm. pressure, 
which condensed in liquid air, were produced after continued use of the same sample. This 
appeared not to affect the polarisation values very much, but to ensure good results measure- 
ments were made on four samples, as indicated. 


TABLE IX. 
p-Cyanonttrobenzene. 
208-9° 46—63 5 0-15 47-54 
227-5 47—68 5 0-2 47-40 
250-7 38—58 6 0-2 47-42 


P = 47-45 c.c., Pg = 38:6 * c.c., Po = 0:3 c.c., P — Pg — Po = 8°6 c.c. 
* See Hammick, New, Sidgwick, and Sutton (J., 1931, 1876), 38-6; calc., 38-5. 
The moments of nitrobenzene and of benzonitrile are 4-39 and 4-23 p. respectively (Groves and 


Sugden, J., 1934, 1094). Hence, taking the moment of #-cyanonitrobenzene to be equal to the 
difference, 0-16 p., the orientation polarisation at 200—250° is 0-3 c.c. as given above. 


TABLE X. 
p-Dicyanobenzene. 
199-8° 24—38 5 0-25 48-36 
217-3 34—73 6 0-1 48-40 
250-7 41—82 9 0-2 48-36 
P= 48-4 c.c., Pg = 36-5 c.c., P — Pg = 11°9 c.c. 


Weissberger and Sangewald (J., 1935, 855) obtained a value of 40-5 c.c. for the electron polaris- 
ation of this compound in very dilute solution, but since this is higher than any calculated value, 
a mean of two such values has been taken above; that calculated from the molecular 
refractivities of benzonitrile and of benzene for the sodium D line is 36-94 c.c.; that from values 
for benzene, hydrogen, and cyanogen (Watson and Ramaswamy, Proc. Roy. Soc., 1936, A, 
156, 144) is 35-84 c.c. 

TABLE XI. 


Tetranitromethane. 
81-8° 38—96 6 0-25 38°6 
P = 38-6 c.c., Pg = 36-0 c.c., P — Pg = 2°6 c.c. 


The P, value is the mean of two experimental ones, 35-3 (Weissberger and Sangewald, Ber., 
1932, 65, 701) and 36-6 (Mr. M. W. Lister, priv. comm.). The substance was not very stable, 
and the polarisation decreased slightly as successive readings were taken. P may therefore 
be somewhat greater than the above value, but not by more than 0-3 c.c. Owing to 
decomposition, no reliable measurements could be obtained above 100°. 
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TABLE XII. 


Titanium Tetrachloride. 


100-3° 48—115 7 0-3 41-40 
208-8 43—120 6 0- 41-25 


P = 41°3 c.c., Pg = 37°8 c.c., P — Pg = 3°5 c.c. 


Ulich, Hertel, and Nespital (Z. physikal. Chem., 1932, B, 17, 21) report a value for P, for the 
pure liquid of 37-8 c.c., which they consider to be more accurate than that of 43-2 c.c. reported 
by Bergmann and Engel (Physikal. Z., 1931, 32, 507); the former has been taken. 


TABLE XIII. 


Germanium Tetrachloride. 


96-2° 49—102 6 0-2 37-92 
147-6 52—120 5 0-1 37-96 
228-0 57—102 5 0-15 38-06 


P = 38-0 c.c., Pg = 31-5 c.c., P — Pg = 65 c.c. 


The van der Waals correction to P, for a pressure of 100 mm. and temperature of 100°, is — 0-10 
c.c.; this therefore is the maximum error from this cause. 


TABLE XIV. 
Stannic Chloride. 


90-1° 39—112 5 0-2 

142-6 42—123 6 0-2 

200-3 48—144 5 0-1 
P = 455 c.c., Pg = 35:2 c.c., P — Pg = 10°3 c.c. 


Ulich, Hertel, and Nespital’s value of P, for the pure liquid is taken. The van der Waals 
correction for 100 mm. at 100° is — 0-15 c.c. 


TABLE XV. 


Stannic Bromide. 


145-2° 24—58 6 ‘0 
183-7 42—95 6 3 
245°8 §2—118 5 “2 
P = 55°6 c.c., Pz = 46-8 c.c., P — Pg = 8-8 c.c. 


P, was calculated from the above value for the chloride. 


TABLE XVI. 


Stannic Iodide. 
252-7° 32—85 6 0-3 
P = 81-4 c.c., Pg = 66-0 c.c., P — Pg = 145 c.c. 


P,, was calculated from the above value for the chloride. 


DISCUSSION. 


Acetylacetonates.—The results of the measurements on the acetylacetonates are collected 
in Table XVII, which gives the total polarisations in the vapour and in solution, the 
electron polarisation, the difference between the total and the electron polarisations, and the 
percentage fraction which this difference is of the electron polarisation. 


TABLE XVII. 


Compound. Pros. Pia Pr. Pryap. — Pz. 100(Pryap. — Pz)/Px. 
Bell 86-0 87-5 60-5 25-5 2 
Crim 135-5 137-5 95-3 40-2 
Alm 130°8 134-0 91-1 39-7 
Felll 146-6 148-6 91-5 55-1 
Thiv 200 195-6 127-5 72-5 
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For all of them the vapour total polarisations are much nearer to the solution total 
polarisations than to the electron polarisations. It is therefore clear that, except possibly 
to a very minor degree, the anomalous polarisations are not due to solvent effects of any 
kind. 

As stated by Finn, Hampson, and Sutton (this vol., p. 1259), the other possible 
explanations are that (1) the chelate rings have lower symmetry than modern theory 
requires, (2) the compounds are incompletely chelated, (3) they have large atom polaris- 
ations, (4) the molecules bend slowly out of the symmetrical normal configurations, under 
thermal impacts, and orient as dipoles in the field. The first two causes would certainly 
require the polarisation to vary with temperature, but, as Table I shows, the polarisation 
of the beryllium compound, which may be taken as typical, is constant within experimental 
error from 184-6° to 254-7°, or from 0-002185 to 0-001895, on the reciprocal temperature 
scale used in the Debye law plot. Further, since it is reasonable to consider the results in 
Table XVII together with the determinations in various solutions at 25° (see Table XVIII), 
we see that there is a fall of at most 1-5 c.c. in polarisation from 25° to 255°, or from 0-003356 
to 0001895 on the reciprocal scale. It can therefore be safely concluded that beryllium 
acetylacetonate is fully chelated and that the acetylacetonate chelate rings have two 
planes of symmetry passing through the CH and the M atoms, as required by the theory 
of “‘ resonance.” 

Symmetrical Diketones.—The anomalous polarisations of the quinones and of tetra- 
methyleyclobutanedione are likewise shown not to arise from solvent effect nor to provide 
any evidence that the molecules have permanent dipole moments. Temperature invariance 
of the polarisation is particularly well shown by the two substituted #-benzoquinones, 
which are more stable than the parent substance. Taking solution measurements into 
account, we see that the change of polarisation for the dimethyl derivative between 25° 
and 246° is only 0-4 c.c., and for the dichloro-derivative between 25° and 245° is only 
0-9 c.c. Inasmuch as no polar structures have been proposed for these compounds, this 
conclusion does not contradict previous views; it agrees with suggestions made that the 
simple quinonoid structure (I) is in resonance with others having Kekulé type rings such 
as (II) (Pauling and Sherman, J. Chem. Phys., 1933, 1, 606) and (III), likewise (IV) 


ox Ya0 OL Sb o-KSo0 0 S-o 





(I.) (II.) (III.) (IV.) 


[Robinson, two lectures on “‘ An Outline of an Electrochemical (Electronic) Theory of the 
Course of Organic Reactions,” Inst. Chem., 1932] ; (I) and (II) are non-polar, and (III) and 
(IV), being of equal importance, would neutralise each other’s polarity. Hammick, 
Hampson, and G. I. Jenkins (previous paper) showed that the polarisations of diones in 
solution contradict one deduction from the simple quinonoid structure, and indicate 
resonance of the kind described above; since the present measurements confirm theirs, 
they support this conclusion. 


TABLE XVIII. 


Compound. Prap. Prow.- Pr. Prap. -_ Px. 100(Pyap. — Pr) [Prap. 
Tetramethylcyclobutanedione ...... 46-9 48-5 37-7 9-2 24 
P-Benzoquinone ...........eeeeseeeeeees 36-55 37—38 28°3 8-2 29 
2: 5-Dimethyl-1 : 4-benzoquinone 47-4 47-8 38-4 9-0 23°5 
2: 5-Dichloro-1 : 4-benzoquinone 46-3 47-2 38-4 8-0 21 
p-Dinitrobenzene ...........eeeeeeeeee 46-47 45-6 38-25 8-2 21 
p-Nitrocyanobenzene  ...........+4+. 47-45 46 38-5 a 

Allowing 0-3 for Po 8-6 22 
p-Dicyanobenzene ............eeeeeeeee 48-38 43 36°5 11-9 33 


Symmetrical Dinitro- and Dicyano-compounds.—The measurements on -dinitrobenzene 
show conclusively that there is no appreciable solvent effect upon its polarisation. This 
is particularly interesting because, in view of the well-known tendency of polynitrobenzenes 
to form solid complexes with aromatic hydrocarbons, and the fact that the only common, 
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non-polar solvent in which -dinitrobenzene is reasonably soluble is benzene, it had seemed 
reasonable to expect a specific effect in this case (Bennett, Ann. Reports, 1929, 25, 130). 

The measurements also prove finally that p-dinitrobenzene is non-polar.* The present 
results being combined with those in benzene solution at 25° (e.g., Le Févre and Le Févre, 
J., 1935, 957), the change of polarisation between 25° and 250° is found not to be more than 
1 ac. 

If, as reported by James, King, and Horrocks (Proc. Roy. Soc., 1935, A, 153, 225) from 
an X-ray investigation of the crystal structure, the nitro-groups are notably unsymmetrical 
about the C—N axes, it is obvious that the molecule would be non-polar only in certain 
configurations (cf. quinol dimethyl ether) : since there are no known or probable energetic 
reasons to the contrary, it is reasonable to suppose that the restraints necessary to keep 
it so would not be fully operative in the vapour at 250°, and therefore that such a molecule 
would exhibit polar character. The fact that it does not throws considerable doubt upon 
such an asymmetric structure for the nitro-group. Moreover, the fact that Brockway, 
Beach, and Pauling (J. Amer. Chem. Soc., 1935, 57, 2693) found no asymmetry in this group 
in nitromethane is further reason for doubting its asymmetry in nitrobenzenes. On the 
resonance theory it would be expected to have the oxygens symmetrical about the C—N 
bond axis. 

p-Nitrocyanobenzene and #-dicyanobenzene show anomalous polarisations of the same 
order as that of p-dinitrobenzene, which also are temperature invariant over about 50° in 
each case. Weissberger and Sangewald (J., 1935, 855) found a lower value of P — Px, 
3-1 c.c., than that now reported for the dicyano-compound, and so found no anomaly ; but, 
owing to the extreme dilution of the solution which they had to use, a greater error is 
probable in their measurements than in the vapour measurements, which gave no particular 
difficulty. If, as before, the results for p-nitrocyanobenzene in solution at 25° (Hammick, 
New, Sidgwick, and Sutton, J., 1930, 1876) are combined with the present ones, the 
polarisation is seen to increase by 1-5 c.c. between 25° and 250°; the compound, therefore, 
is certainly not very polar. The difference of the moments of nitrobenzene and benzonitrile 
reported by Groves and Sugden (J., 1934, 1094) is only 0-16 D., which corresponds to a change 
of 0-2 c.c. over this temperature range. 

The new results for tetranitromethane confirm the conclusion previously reached from 
solution measurements (Williams, Phystkal. Z., 1928, 29, 271, 683; Bretscher, Helv. 
Phys. Acta, 1928, 1, 355; Weissberger and Sangewald, Ber., 1932, 65, 701; M. W. Lister, 
priv. comm.) that it is non-polar. This substance shows no anomalous polarisation. 

Tetrahalides.—The tetrahalides examined all proved to be non-polar, as anticipated, 
but several of them showed considerable polarisation anomalies. The data are in Table 
XIX, relevant data of other workers being included. 


TABLE XIX. 


Tetrahalides, MX,. 


, # Prap. Pr. 
F 10-15 * 7-29 * 
Cl 28-0 t 25-78 
27-0t 25-78 
F 13-84 * 8-38 * 


Cl 41-3 37°8 

Cl 37-98 31-5 

Cl 45-5 35-2 

Br 55-6 46-8 

I 81-4 66-9 (A = 5893) 
* Watson and Ramaswamy, Proc. Roy. Soc., 1936, A, 156, 144. 
+ Sanger, Physikal. Z., 1926, 27, 556. 
t Cartwright and Errera, Proc. Roy. Soc., 1936, A, 154, 138. 
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Various suggestions, some general and some specific, have been made from time to time 
as to the cause of the anomalous polarisations in these several classes of compound (see 


* As shown by Frank (Proc. Roy. Soc., 1935, A, 152, 171), H. O. Jenkins’ measurements in chloroform 
solution are not satisfactory proof of this (see also Finn, Hampson, and Sutton, this vol., p. 1262). 
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this vol.,p. 1255, fora summary). We consider that the essential similarity of the phenomena 
for all classes indicates that the fundamental cause is the same in all of them. It remains 
to consider whether this is slow, thermal bending or atom polarisation, these two now being 
the only possibilities. 

Thermal Bending Hypothesis.—As was explained in the paper by Finn, Hampson, and 
Sutton, the ‘‘ thermal bending” or “‘ flexibility moment ”’ theory postulates that the 
molecules oscillate about non-polar, mean configurations, owing to the energy imparted by 
thermal collisions, and that they do this so slowly that they orient like permanent dipoles 
in the applied field, while still bent one way. It was shown (loc. cit.) that, provided (1) 
they vibrate in simple harmonic motion (t.e., if the potential energy is expressible as 
V,¢?/2,  — @ being the angle between the dipoles) and (2) Maxwell—Boltzmann statistics 
apply, then the mean polarisation would be independent of temperature. If, however, 
they vibrate anharmonically (higher powers of ¢ than the square being required in the 
expression for potential energy), then the polarisation would vary with temperature. This 
may be seen by evaluating a more general expression for the polarisation than that used 
previously (Finn, Hampson, and Sutton, this vol., p. 1261), having for a potential function 
V = (Vod? + V,¢*)/2; only even powers will occur in such a problem, for which the 
potential function must be symmetrical, i.e., must have the same value whether ¢ is 
positive or negative : 

+0 (Watt + Vid") 
J $e 


2kT d¢ 
7 aN .=2 _ 4xNu;? (1 ss or) 
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Thus, the sign of V, determines that of (dP/d7)/P, since V, must be positive; the polaris- 
ation decreases or increases with rise of temperature according as V,, is positive or negative, 
i.e., as to whether the vibrations become stiffer or easier as the amplitude increases. It is 
impossible to estimate accurately how big the effect would be, but it may be remarked that 
a polarisation of 8 c.c. at 250°, as found for p-benzoquinone, corresponds to a moment of 
0-81 p.; and if this be attributed to the bending of two C—O bonds, each of moment 
2-5 p., then the average angle between them must be 161-5°(or ¢ = 18-5°), at which point 
anharmonicity effects might be expected to show. Alternatively one may say that, 
since the vibrators must have periods of the order of 10712 to 10™ sec. or more, in order 
to be slow compared with the time of dipole orientation (about 10~™ sec.), their quanta 
must be so small (hv = 94:3 cals./g.-mol. for 1/v = 107! sec.) that they would be quite 
highly excited at temperatures of 300—500° k., and consequently that the effect of 
anharmonicity would be expected to show. The fact that in no case was any variation 
of polarisation with temperature observed, although a variety of molecular types was 
examined, therefore counts against the ‘‘ thermal bending” or “‘ flexibility moment ” 
theory. 

A much stronger case against it comes from considering the possible periods of 
vibration of the molecules examined. As was shown in the two preceding papers, since 
a direct calculation of the force constant Vy for the hypothetical vibration is possible 


through the relation 
P = (4nNy,5)/9V, - - © «© «© © «© © 


for a single, one-dimensional oscillator, the period can be calculated 7f the mode of vibration 
is known, and if the positions and masses of the atoms in the molecule are known. For 
the theory to be self-consistent these calculated periods must, as explained on p. 1261, be 
of the order of 10°! or 101 sec., or even longer. This requirement is, indeed, now 
emphasised by the observation that there is no consistent difference between the polaris- 
ations in solution and in the vapour, for, since the time of relaxation or of orientation is 
less in the latter state than in the former, this fact would mean that the period of bending 
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is much greater than the time of relaxation in either solution or vapour; therefore, 
probably, that it is at least 5 x 10° sec. If it were of the same order as that in solution, 
i.e., about 107!” sec., then the polarisation in the vapour would be larger than that 
in solution. The calculated periods are, however, not greater but less than 5 x 10°! sec. 
for beryllium acetylacetonate (p. 1262), for p-benzoquinone and tetramethylcyclobutane- 
dione (p. 1268), and for #-dinitrobenzene and #-dicyanobenzene, which, if the groups be 
assumed to oscillate perpendicular and parallel to the plane of the benzene ring, would 
have periods of about 3—4 x 107 sec. The approximations in the calculations are all such 
as to make the result too large rather than too small; these are (1) the assumption that all 
the polarisation is due to one mode of vibration, which may give too small a value of Vo, 
(2) neglect of anharmonicity, if V, is positive, (3) neglect of atom polarisation, (4) neglect 
to use a proper reduced mass in the beryllium acetylacetonate calculation. This essential 
requirement is, therefore, not satisfied and consequently we reject the thermal bending 
theory as an explanation of the results. 


The ‘Theory of Atom Polarisation. 


By a process of elimination we conclude that the phenomena must be due to atom 
polarisation. It is, however, desirable to have some more positive reason for accepting 
this explanation, so we must consider on what conditions this type of polarisation could 
have the magnitude now ascribed to it, and whether these are likely to be satisfied. First 
it seems desirable to summarise the present theory of atom polarisation. When any 
molecule is subjected to an electric field, it is elastically deformed. The positive charges 
move toward the negative.end of the field, and vice versa; the molecule is ‘ polarised,” 
or a dipole is created. If the restoring forces which resist the deforming process obey 
Hooke’s law, this moment is proportional to the field strength : the proportionality factor, 
multiplied by 4xN//3, is called the molecular polarisation. The deformations which occur 
can be divided into those which involve only movements of electron “‘ clouds ”’ relative 
to nuclei, and those which involve movements of nuclei relative to one another; the latter 
give rise to the so-called atom polarisation. Every relative movement of nuclei which is 
associated with a change of electric dipole moment of the molecule must occur when a 
field is applied : such movements are changes in length of polar bonds, changes of angle 
between polar bonds within a group, and the bending or twisting of polar groups relative 
to one another. If we consider the deformation produced by a field which is not static 
but is alternating with a frequency vp we have to take account of the tendency of the inter- 
nuclear movements to take place with certain natural frequencies, v,, etc., which depend 
upon the respective restoring forces, f,, etc., and effective masses moved. If the former 
are Hooke’s law forces, the relation v,= J/ fi/m,/2x holds. The average degree of 
deformation depends upon the average amplitude forced by the field upon these vibrators, 
and classical methods give the relation 


4xNa WN e? 
ran 3 9 xm,(v? — v9") @) 
for an independent, one-dimensional oscillator, where y, is the natural frequency of vibration 
of an effective mass m, carrying an effective charge ¢,. The total atom polarisation is the 
sum of such terms for all effective oscillations, 7.¢., for all those which are accompanied by 
changes in dipole moment, which means all those that have fundamentals “‘ active’ in 
absorption or emission spectra. Van Vleck (‘The Theory of Electric and Magnetic 
Susceptibilities,’’ Oxford, 1932, p. 46) has pointed out that this result remains valid with 
quantum mechanics. A molecule may be excited into vibration by thermal collisions, 
and if a field is then applied its effect is to change the mean positions about which the active 
vibrations occur. Provided that the restoring forces, which are determined by the 
displacements from the original mean positions, obey Hooke’s law, it may be shown that 
the polarisation is independent of temperature (Debye, ‘‘ Polare Molekeln,’’ Leipzig, 1929, 
p. 17). Inasmuch as atom polarisation involves no orientation of the molecule, it is 
independent of the time of orientation in the case of a polar molecule. 
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In equation (3) /,/4n*v,2 may be substituted for m,, giving 
P, = 4nNe?2v?/9f,(v2 — v9), which, when vy —> 0, ‘reduces to 
ee ee 


for an independent, one-dimensional oscillator. 

For changes of bond length ¢; is du/d/,,, /4z being the bond length, but, as van Vleck 
showed (0. cit.), even if ¢, be equivalent to a full electron charge on each atom A and B, 
fis so large that P, is less than 0-5 c.c. per highly polar bond. Hence, were no other type 
of internuclear movement possible, P, could not have the magnitude now attributed to it 
in molecules with only small numbers of highly polar bonds. This conclusion is borne out 
by the work of Cartwright and Errera (Proc. Roy. Soc., 1936, A, 154, 138), especially as the 
P, values which they found for polar substances are likely to be upper limits, owing to the 
difficulty of making proper allowance for the effects of dipole dispersion. 

For changes in the angles between two similar dipoles, at a normal angle zx, 


P, eR: 2 PE hoy wig 


where pu is the magnitude of the moments, and V; the force constant of bending defined 
by the relation V = V,¢?/2. 

Now, van Vleck suggested that P, may be larger for polyatomic molecules than for 
diatomic ones because of the possibility of the former having relatively low-frequency 
vibrations. As Cartwright and Errera pointed out (loc. cit.), these may be either the 
fundamentals of bending motions in the molecule or, in some cases, the combination 
(difference) frequencies of fundamentals in the near infra-red; but it seems unlikely that 
the latter will frequently be important, and in forming a simple picture of the phenomenon 
under discussion they will be ignored. Equation (4) shows that, in a static field, the 
important condition is that the molecule shall be easily deformable to a polar state in at 
least one way, which is only so when there are possibilities of bending or twisting of fairly 
polar groups relative to one another. Equation (5), or its equivalent in more complex 
systems than a single, one-dimensional oscillator, can be obtained very simply by equating 
the electrical forces and the restoring forces in the deformed system along three 
perpendicular axes. ; 

Qualitative Comparison of Deduction and Fact.—All the substances which are now 
suspected of having atom polarisations larger than 5 c.c., including the co-ordination 
compounds of palladium (Mann and Purdie, J., 1935, 1549), platinum (Jensen, Z. anorg. 
Chem., 1935, 226, 284), and gold (Burawoy and Gibson, J., 1934, 860; 1935, 219), do in 
fact offer such possibilities, and hence the most obvious qualitative condition of the theory 
is satisfied. The theory leads us further to expect that related compounds should have 
similar P — P, values, and in several cases this proves to be true. Thus, cyanogen, like 
p-dicyanobenzene, has one of 8-3 c.c. (Watson and Ramaswamy, Proc. Roy. Soc., 1936, 
A, 156, 144); carbon suboxide is reported to have a moment of 0-7 p. (Le Févre and 
Le Févre, J., 1935, 1696), which is much more probably an atom polarisation of 10-5 c.c. 
and thus is close to the values for the other diones (Table XVIII), which are 8—9 c.c.; 
nitrogen tetroxide has, however, been shown by Williams, Schwingel, and Winning (/. 
Amer. Chem. Soc., 1936, 58, 197) to have a total polarisation of 16-87 c.c. between 25° and 
125° and a molecular refractivity for the sodium D line of 16-73 c.c., so this substance, 
like tetranitromethane but unlike the symmetrical polynitrobenzenes, has a small P,. 
A plausible explanation of these exceptions is that the nitro-groups, by virtue not merely 
of their highly polar character but more of their branched, Y structure, can inhibit each 
other’s freedom of movement when at such close quarters as they are in nitrogen tetroxide 
and tetranitromethane, so V; is large and P, small. Thus, from measurements of the 
entropy of nitrogen tetroxide, Giauque and Kemp (J. Chem. Phys., 1938, 6, 40) conclude 
that the molecule probably has the symmetrical structure O,N—NO, and that there 
certainly is no freedom of rotation of the two nitro-groups relative to each other. 

The atom polarisations of the tetrahalides also may be correlated if we assume that they 
are due chiefly to bending. There are two fairly well-defined tendencies: the first is for 
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P, to increase, for a given halogen, the later the period of the central atom; the other is for 
P, to fall, for a given central atom, the later the period of the halogen. Both are paralleled 
by the change in polar character of the bonds which would be expected on general 
principles (the electro-positive character of the central atom increasing with its period, 
and the electro-negativity of the halogen decreasing), and for which evidence comes 
from electric dipole moment data (J. G. Malone, J. Chem. Phys., 1933, 1, 197; 
M. G. Malone and Ferguson, 7bid., 1934, 2,99; Smyth, J. Amer. Chem. Soc., 1938, 60, 183). 
The correlation has already been pointed out by Smyth (sdid., 1929, 51, 2051), but the 
‘assumption which we have made supplies a reason for it, since p? is likely to change 
more than V, in the series. It may be noted that, although the C—F bond in methyl 
fluoride has a moment no greater than that of C—Cl in methyl chloride (uoq,7 = 1°81; 
Hon,o1 = 1-86), P, for carbon tetrafluoride is reported to be 2-86 c.c. and that for carbon 
tetrachloride is given as 2-2 or 1-2 c.c. While toc much weight should not be put 
on such small differences, this may, if real, be connected with two other facts: (1) that 
the mutual induction, which reduces the effective bond moments, is less in fluoroform than 
in chloroform (thus the ratio pgpx,/tox,x is 0-90 for fluorides, and 0-54 for chlorides), so that 
the effective bond moment would be greater in carbon tetrafluoride than in carbon tetra- 
chloride; (2) that the repulsion between the halogens is somewhat less in the fluoromethanes 
than in the chloromethanes, as shown by electron diffraction work, for there is less distortion 
from the tetrahedral angle in methylene fluoride than in methylene chloride (see Brockway, 
J. Physical Chem., 1937, 41, 747; Sutton and Brockway, J. Amer. Chem. Soc., 1935, 57, 
473), so V; would be somewhat less in the former than in the latter. These factors must 
be considered in the other sets of halides also, and may be seen to augment the changes 
anticipated from ideas about polar character. 

Quantitative Comparisons.—In seeking more quantitative tests of the hypothesis that 
atom polarisation is due chiefly to bending of the molecule by the field, we may either 
calculate an atom polarisation from other data and compare this with P — Px, or we may 
take the observed difference and calculate a force constant, a bond moment, or a frequency 
from it and compare this with the observed value. Both courses are logically equiv- 
alent, but one is sometimes more convenient than the other. 

Mercury Compounds.—Braune and Linke (Z. physikal. Chem., 1935, B, 31, 12) calculated 
mercury—halogen bond moments from P — Px, values, frequencies from Raman spectra, 
and interatomic distances from electron diffraction data for mercuric chloride, bromide, 
and iodide. They equated P — P, to the sum of the atom polarisations arising from the 
asymmetric linear vibration and from two-dimensional bending, and made limiting 
allowances for the former. The limits so obtained for yy.) were 2-33—2-66 D., and values 
of the same order were found for the Hg-Br and Hg-I bonds. At the time there were no 
data with which these values could be compared, but G. I. Jenkins has since found the 
moment of phenylmercuric chloride to be 3-14 D. and has concluded that pggo, is approx- 
imately 3 D. (private communication from Dr. G. I. Jenkins; data soon to be published) : 
in view of the probable reduction of bond moments by mutual induction in mercuric 
chloride this is good agreement, and it supports Braune and Linke’s assumption that 
P — Py, for these compounds is atom polarisation. On the other hand, it can readily be 
seen that the anomalous P — Pg values of diphenylmercury and its pp'-derivatives, observed 
in decalin solution by Hampson (Trans. Faraday Soc., 1934, 80, 877), cannot be explained 
away as atom polarisation if the force constant of bending therein is assumed equal to the 
average for the mercuric halides, for p; is smaller and P — Py larger, than for the latter. 
Hampson concluded that the phenyl-mercury bond moment is small, and has the negative 


end towards mercury ; the moment of the unit Cl Hg is therefore numerically 


less than that of chlorobenzene (1-60 pD. in hexane solution) and so, using a value 
V,( = V;) = 2-5 x 10° erg/radian®/molecule for the force constant, P, from bending is 
only about 2 c.c.* whereas P — Py is 19-7 c.c. The period of oscillation is about 1:5 x 
10-2 sec., which is hardly long enough for the molecule to gain additional polarisation 
by orienting as a dipole while bent. The ad hoc suggestion that the force constant is 

* The oscillator is assumed to be two-dimensional, like the mercuric halides, so that P, = 87Ny?/9V 4. 
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particularly small in these compounds receives no support from the fact that V,* for 
dimethylmercury is 4-7 x 10-12 erg/radian?/molecule, according to Thompson and Lin- 
nett’s assignment (Proc. Roy. Soc., 1937, A, 160, 539) of v. = 156 cm.*}. 

Dicyano-compounds.—Cyanogen contains two independent oscillators, each C=N 
bond relative to the central C-C bond, and each of these is two-dimensional; therefore 
P, = 16nNy?/9V,. According to Groves and Sugden (J., 1937, 1992) uw is about 3 D. 
(this also is roughly the moment of hydrogen cyanide, 2-88 D.) ; Sho-Chow Woo (Z. physikal. 
Chem., 1937, B, 37, 399) gives a value of 2-93 x 107? erg/radian?/molecule for Vg; P, is 
therefore 11-4 c.c. The observed value of P — Py is rather less, 8-3 c.c. Now, mutual 
induction between the C==N dipoles in cyanogen may be considerable because of their 
nearness, and if the effective moment of each were thereby reduced to 2-5 p., P, would 
be reduced to 8c.c. In p-dicyanobenzene, which otherwise is essentially the same system, 
even to the possibilities of resonance structures, the mutual induction between the widely 
separated dipoles would be small. The fact that P — Pg is greater for this substance 
(11-9 c.c.) than for cyanogen can thus be given a reasonable explanation. 

The moments of nitrobenzene and of benzonitrile are very nearly equal (Groves and 
Sugden, J., 1934, 1094), so the moments of the polar groups probably are so too (see Groves 
and Sugden, J., 1937, 1992); therefore, if also in p-dicyanobenzene, p-nitrocyanobenzene, 
and #-dinitrobenzene each group is a two-dimensional oscillator with about the same 
force constant, as is likely, the similarity of the P, values for these three substances can 
be understood. 

Tetrahalides.—No precise test of the hypothesis can be made with the data for the 
tetrahalides, for the bond moments are not accurately known and the force constants have 
not been evaluated. However, by using the best available values of the former it is possible 
to derive force constants and show that these are of a reasonable order of magnitude. 
It may be shown that for a tetrahedral molecule P, = 16nNyu?/9V 4, where V, applies to the 
bending of any one valency relative to another. From the ratio of the moments of 
fluoroform and methy] fluoride (see p. 1282) ugp in carbon tetrafluoride would appear to be 
about 1-5 p., whence, since Py = 2°86 c.c., Vy=2-66 x 10°? erg/radian*/molecule. 
The moment of triethyl stannichloride, (C,H,),SnCl, is 3-44 D.; mutual induction is smaller 
the farther apart the chlorine atoms are, so the bond moment in stannic chloride is probably 
about 3pD., whence, since Py, = 10:3 c.c., Vg = 2-95 x 10° erg/radian*/molecule. 
Similarly, from the moment of trimethyl stannibromide, (CH,),SnBr, 3-32 D., gape in 
stannic bromide can be assessed as 2:8 D., whence, from P, = 88 c.c., Vg =3-0 x 10°" 
erg/radian?/molecule. The consistency of these values, and their agreement with other 
force constants which were obtained spectroscopically, are points in support of the theory. 
Stannic iodide admittedly gives an anomalous result; this may be due to the effect of a 
combination frequency.t 


* Vo, as defined above, equals the kg used by Thompson and Linnett. 

t The results found by Birtles and Hampson (J., 1937, 10) indicate that this may not be exactly 
true of the nitro-group, but provide no measure of the departure. 

I Note, added August 20th, 1938.—Hélemann and Goldschmidt, in a paper which we overlooked 
(Z. physikal. Chem., 1934, B, 24, 199), report values for the molecular refractivities of the stannic halides 
in the vapour phase, for a variety of wave-lengths including that of the sodium D line (5893 a.) and 
infinity. In the following table their values for both of these wave-lengths are used, in order that 
comparisons may be made with the values in Table XIX for other tetrahalides. The new Pvap—Pe 
values, and the percentages which these are of the Pg values are also given. 





P vap.—P E- %: 

34-6 9-6 10-9 26-7 31-5 
47-7 5-4 7-9 10-8 16-6 
70-1 3-0 11-3 3-8 16-1 

On using the results for A = 5893, the values of Py, fall from chloride to iodide, as anticipated in the 
discussion, and so the anomaly noted on this page is removed. It persists, however, if the results for 
A = be used, and this rather suggests that the extrapolation to obtain Pg at infinite wave-length 
may not be altogether satisfactory. i 
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Acetylacetonates.—It is similarly impossible to treat the acetylacetonates exactly. 
The moment of an acetylacetonate chelate ring including a metal atom is not known, but 
from the moments of the ether and ketone co-ordination compounds with beryllium, 
aluminium, titanium, and tin halides (see Ulich and Nespital, Z. angew. Chem., 1931, 44, 
750; Nespital, Z. physikal. Chem., 1932, B, 16, 153; Ulich, Hertal, and Nespital, <did., 
1932, B, 17, 21), which range from 6—9 and average about 7-5 D., it appears likely that the 
moment required would be near this mean value. Accepting this value, using the data in 
Table XVII, and the appropriate atom polarisation formulz,* it may be shown that for 
the beryllium, chromium, aluminium, iron, thorium, and zirconium compounds V4 is 3-7, 
3-6, 3-6, 2-6, 2-6, and 3-1 x 107!" erg/radian?/molecule respectively. These apply to the 
bending of a chelate ring held to an atom by two bonds. Their magnitude is reasonable, 
and the variations are what might be expected. The relatively high polarisations of the 
ferric and thorium compounds indicate a large p, or a small Vy, both of which would follow 
from the bonds to the central atom being unusually polar in character. 

Diketones.—The last group of compounds to be discussed is that of the diones. Now 
that it is known that #-benzoquinone is non-polar and that there is no appreciable solvent 
effect on P — Py, it is clear that Cartwright and Errera’s results (Hammick, Hampson, and 
G. I. Jenkins, this vol., p. 1265) show the existence of an atom polarisation of at least 8 c.c. 
A striking point is that p-benzoquinone, its 2 : 5-dimethyl- and 2 : 5-dichloro-derivatives, 
tetramethylcyclobutanedione, and carbon suboxide all have approximately equal P — P, 
values, of 8—10c.c. Inconnection with the thermal bending, or flexibility moment theory, 
Hammick, Hampson, and G. I. Jenkins (loc. cit.) discussed the consequences of such bendings 
in the ring compounds as would involve the C—O groups moving perpendicularly to the 
plane of the normal ring. They pointed out that, quite apart from the question of whether 
or not the oscillation would be slow enough, the observed facts could not be accounted for 
by bendings in this mode because (1) the substitution of bromine atoms or methyl groups 
for hydrogen on the benzoquinone ring does not alter the polarisation and (2) the force 
constants of bending could not be expected to be even approximately equal in the six- 
membered, unsaturated, and the four-membered, saturated rings, yet the polarisations 
are the same. To these reasons may be added another: that the ring compounds, bending 
in this way, must be considered as single, one-dimensional oscillators, with P, = 4xNy?/9V 9, 

whereas carbon suboxide has two, independent, 
Fic. 3. one-dimensional oscillators, and thus has P, = 


+ 8xNu?/9V4. The reason for this is that, unless the 

classical stereochemistry of the latter is entirely 

CADE OO obliterated by the resonance (Pauling and Brock- 
way, Proc. Nat. Acad. Sci., 1933, 19, 860), the 


C = O groups have to oscillate in planes at right angles, owing to the anisotropic character 
of the double bonds; this is true whether the molecule bends about the middle carbon 
atom or the end ones, as may be seen from Fig. 3. 

Finally, as Hammick, Hampson, and Jenkins showed, the frequency of oscillation of 
p-benzoquinone, calculated for the above mode, disagrees with the absorption frequency 
observed by Cartwright and Errera. 

The objections to this mode apply with equal force whether it is considered in connection 
with thermal bending or atom polarisation. Now, it may readily be seen that if each C—O 
group bends relative to the ring, or the C—C bond, in a plane perpendicular to the plane 
of the double bond between carbon and oxygen, i.e., in the plane of the ring, all the com- 
pounds have two independent, one-dimensional oscillators. Thus, the polarisation 
equations, and the values of u and of V, are the same, or nearly so, in all the compounds, 
and the constancy of the atom polarisation is explained. This alternative mode is there- 
fore much the more probable one. Finally, if the period of vibration of #-benzoquinone 
in this mode be calculated, it is found to be 3-0 x 10718 sec., which is in good agreement with 
the observed value, 2-8 x 10748 sec. The atom polarisations of these diones seem, therefore, 
to be explained. 

* If the number of chelate rings be X, then Ps = 4%XNu?/9V 4, provided that each ring bends only 
perpendicular to its own plane. ; 
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These simple considerations break down when applied to carbon dioxide, for P — Py, is 
less than 1 c.c. (van Vleck, loc. cit.). This doubtless is because of the great importance of 
structures other than the double double-bonded one in the resonance hybrid, and of strong 
coupling between the oscillations. 

Effects of Anharmonicity.—The questions of anharmonicity and its possible effect on the 
temperature dependence of atom polarisation merit a brief discussion. It was mentioned 
that if the restoring force, in the vibrations set up by the combined thermal and electrical 
influences, be proportional to the extension from the normal of the unperturbed system, 
then P, is temperature-independent. Otherwise P, is temperature-dependent. A 
potential function with quartic terms being assumed, as on p. 1279, the same relation between 
P and T is found as for the other problem, Eqn. 1, although the initial integral * and the 
physical argument behind it are different. Now, the ratio of force constants, V/Vo, 
might reasonably be expected to be roughly independent of V, for bending movements in 
molecular systems; thus, the larger V, is the smaller V,/V,? is likely to be. If Vg is of the 
order 2—4 x 1071 erg/radian?/molecule, anharmonic symptoms are unlikely to be noticeable 
at temperatures of 250° or less, for the average amplitude of bend of one dipole relative to 
the other would be about 10—12°, and electric fields of ordinary strengths would change the 
angle further by only a very small fraction of 1°. These considerations are, adrhittedly, 
based on a classical treatment, but it is unlikely that a rigorous quantum-mechanical 
treatment would lead to a different conclusion. 

Summing-up.—It seems appropriate to give in conclusion some generalisations about 
atom polarisation which are derived from the foregoing discussion. 

(1) A molecule containing two or more groups of moment 2-5 D., or over, which 
may be bent relative to one another with average ease (force constant about 2—4 x 
10-2 erg/radian*/molecule) will have an atom polarisation of at least 5 c.c. 

(2) Since atom polarisation depends upon the presence of polar groups in the molecule, 
whereas electron polarisation does not, the former cannot be expected to be even 
approximately a constant fraction of the latter. 

(3) In general, atom polarisation is not additive, but it may be roughly so in particular 
series of compounds. Each polar group, in a molecule containing several such, may make 
an ‘‘ intra-group ’”’ contribution towards the total, and there is also an “‘ inter-group ”’ 
contribution from the relative bending of groups. If, for any reason, the latter is much 
smaller than the former, then the polarisation is proportional to the number of polar groups ; 
but this appears to be an unusual circumstance. In particular series such as the acetyl- 
acetonates, or the di-, tetra-, and hexa-halides, it can be shown that if » and Vy are constant 
the inter-group contribution is proportional to the number of polar rings, bonds, or groups; 
but, since » and Vy, must in fact vary in such series, exact proportionality cannot be 
expected. Compounds containing only one polar group would not fall into line, because 
in such there would be no inter-group contribution, only an intra-group one. 

(4) If several compounds contain essentially the same oscillating systems, they have 
nearly the same atom polarisations. 

(5) If the atom polarisation of a substance can be attributed to one vibration, or to 
several of the same kind, a relation between polarisation, moment, and force constant can 
be derived, and used to calculate any one of these three quantities if the values of the other 
two are known. 

If, further, the actual mode of vibration is known, the frequency may be calculated. 


These conclusions do not necessarily conflict with those of Groves and Sugden (J., 1937, 
1779) that the atom polarisation of aliphatic ethers and amines can be taken as 5% of the 
electron polarisation, for these compounds contain no highly polar groups or bonds. It 
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appears, however, that these particular cases can hardly provide an adequate basis for 
a general empirical rule concerning atom polarisation. By using the principles outlined 
in this paper it should frequently be possible to estimate atom polarisation with sufficient 
accuracy for dipole moment determinations. 


The authors wish to thank Prof. N. V. Sidgwick, F.R.S., and Prof. P. Debye for very helpful 


discussions, Imperial Chemical Industries, Ltd., and Magdalen College, Oxford, for grants to 
cover the cost of apparatus, and one of them (I. E. C.) thanks the Commissioners for the 1851 


Exhibition for an award. 
THE Dyson PeRRINS LABORATORY, OXFORD UNIVERSTIY. [Received, June 4th, 1938.] 





241. Polycyclic Aromatic Hydrocarbons. Part XVIII. A _ General 
Method for the Synthesis of 3: 4-Benzphenanthrene Derivatives. 
By C. L. HEwETT. 


3 : 4-Benzphenanthroic acid has been synthesised by the elimination of hydrogen 
bromide, by means of fused potassium hydroxide, from «a-2’-(1’-bromonaphthyl)- 
cinnamic acid. 6-, 7-, and 8-Methyl-3 : 4-benzphenanthrenes, 1: 2: 5 : 6-dibenzphenan- 
threne, and 1: 2-(1' : 2’-naphth)anthracene have been obtained from their correspond- 
ing carboxylic acids, prepared in a similar manner. 


THE introduction of a methyl group into the 2-position of the 3 : 4-benzphenanthrene 
molecule (Hewett, J., 1936, 596) has the effect of increasing the cancer-producing activity 
of the latter so that it approaches that of methylcholanthrene and 3: 4-benzpyrene 
(Bachmann et al., Proc. Roy. Soc., 1937, B, 128, 358). It is of interest, therefore, to determine 
if this considerable increase in the activity of 3 : 4-benzphenanthrene is due to substitution 
solely in position 2 or whether substitution in other parts of the molecule would produce 
a similar effect. 

There is no synthesis of 3: 4-benzphenanthrene in the literature which is readily 
adaptable to the production of a variety of alkyl derivatives, the existing methods either 
being limited to special cases (such as 8-methyl-2-tsopropyl-3 : 4-benzphenanthrene ; 
Adelson and Bogert, J. Amer. Chem. Soc., 1937, 59, 1776) or requiring so many stages 
as to restrict the practical importance of the method (Cook, J., 1931, 2524; Newman and 
Joshel, J. Amer. Chem. Soc., 1938, 60, 485; Fieser, Fieser, and Hershberg, ibid., 1936, 
58, 1463; Hewett, loc. cit.). 

The method now described is based on the production of 9-phenanthroic acid from 
a-0-chlorophenylcinnamic acid by refluxing in quinoline solution with caustic potash 
(I. G. Farbenindustrie, Brit. Pat. 459,108; Brit. Chem. Abs., 1937, B, 215), a reaction 
which has proved readily adaptable to the production of a variety of derivatives of 3 : 4- 
benz-10-phenanthroic acid. 


QF Qf 


1 
O,H 

a-2’-( iain acid (1; R = H) was obtained by a Perkin condens- 
ation between the easily accessible dew 1-bromo-2-naphthylacetate (Mayer and Sieglitz, 
Ber., 1922, 55, 1858) and benzaldehyde. Cyclisation of this acid to 3 : 4-benz-10-phen- 
anthroic acid (II; R = H) (yield, 60%) was effected by fusion with potassium hydroxide 
at 230—240°. 

By using o-, m-, and #-tolualdehyde in the Perkin reaction in place of benzaldehyde, 
the three corresponding «-2’-(1'-bromonaphthyl)-B-tolylacrylic acids were obtained. These 
acids on cyclisation by means of fused potassium hydroxide gave 8-, 7-, and 6-methyl- 
3 : 4-benz-10-phenanthroic acid respectively, in yields of about 40%. Decarboxylation to 
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the corresponding 8-, 7-, and 6-methyl-3 : 4-benzphenanthrenes with copper-bronze in boiling 
quinoline proceeded smoothly ; the hydrocarbons were purified through their picrates. 

The cyclisation of the acid (I; R = Me) resulted in a mixture from which a pure acid 
was isolated by sublimation and crystallisation. To this acid is assigned the structure 
7-methyl-3 : 4-benz-10-phenanthroic acid (II; R= Me), although there is no evidence 
that ring closure has not taken place in the alternative position to give 5-methyl-3 : 4- 
benz-10-phenanthroic acid. This structure is based on the assumption that cyclisation 
is unlikely to take place to any considerable extent in an o-position to a methyl group 
when a free #-position is available; also it would be expected that the formation of the 
5-methyl derivative would be very difficult on account of steric hindrance, a view which 
is supported by the failure of Haworth and Sheldrick (J., 1934, 1950) to obtain the similarly 
constituted 4 : 5-dimethylphenanthrene. 

Attempts are being made to obtain 2-substituted derivatives of 3 : 4-benzphenanthrene 
by the condensation of ethyl 1-bromo-2-naphthylacetate with phenyl alkyl ketones, and 
]-substituted alkyl derivatives by the condensation of ethyl phenylacetate with 1-bromo- 
2-acylnaphthalene. 

The two pentacyclic aromatic hydrocarbons which have not yet been described are both 
derivatives of 3 : 4-benzphenanthrene and since 1 : 2: 3 : 4-dibenzphenanthrene (Hewett, 
this vol., p. 193) has proved to have carcinogenic activity (private communication from 
Professor E. L. Kennaway) interest in these two compounds has been stimulated. They 
have now been prepared by an extension of the foregoing method. «-2-(1-Bromonaphthyl)- 
8-1’-naphthylacrylic acid (III), obtained from sodium 1-bromo-2-naphthylacetate and 
l-naphthaldehyde, underwent cyclisation by means of fused caustic potash to give 
1: 2:5: 6-dibenz-9-phenanthroic acid (IV; R= CO,H), decarboxylation of which gave 
1:2:5:6-dibenzphenanthrene (IV; R= H): this did not depress the melting point of 
the same hydrocarbon synthesised by Bergmann by another method (following paper). 

For the synthesis of 1: 2-(1’: 2’-naphth)anthracene (VII) 1:2:3: 4-tetrahydro-6- 
naphthaldehyde was necessary in order to promote ring closure in the $-position of the 
naphthalene nucleus. The methods recorded in the literature (Moldaenke, Dirlam, and 
Gruber, Ber., 1922, 55, 1708; Fleischer and Feldmeier, ibid., p. 3290) are not suitable for 
preparing the aldehyde in quantity and a new method has been devised. 6-Acetyltetralin 
(Scharwin, Ber., 1902, 35, 2511; Barbot, Bull. Soc. chim., 1930, 47, 1314) was oxidised to 
1: 2:3: 4-tetrahydro-6-naphthoic acid in good yield by means of sodium hypochlorite 
solution. The anilide of this acid was converted by means of phosphorus trichloride 
into the iminochloride, which was reduced with stannous chloride in an ethereal solution 
of hydrogen chloride. The resulting stannichloride complex of the anil gave on hydrolysis 
1:2:3:4-tetrahydro-6-naphthaldehyde. The Perkin condensation between this aldehyde 
and sodium 1-bromo-2-naphthylacetate yielded «-2-(1-bromonaphthyl)-B-6'-(1’ : 2’ : 3’ : 4’- 
tetrahydronaphthyl)acrylic acid (V). 
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Cyclisation of this acid gave a resinous acid which, on trituration with benzene, sub- 
limation, and crystallisation from xylene, gave a small amount of 3: 4-benz-5 : 6-tetra- 
methylene-10-phenanthroic acid (VIII), m. p. 280°. The main bulk of the acid, recovered 
from the xylene liquor, was 5:6: 7 : 8-tetrahydro-1 : 2-(1’ : 2'-naphtha)-3-anthroic acid 
(VI), m. p. 238—240°. 

Dehydrogenation of the acid (VI) with sulphur yielded 1 : 2-(1’ : 2’-naphtha)-3-anthroic 
acid; this on decarboxylation gave 1 : 2-(1’ : 2’-naphth)anthracene (VII). Oxidation of 
(VII) with sodium dichromate in acetic acid solution led to a quinone which gave the 
Liebermann anthraquinol reaction with zinc dust and caustic soda, thus establishing the 
presence of an anthracene system in the hydrocarbon. 

Dehydrogenation of the acid (VIII) with sulphur in quinoline solution resulted in the 
loss of 6 hydrogen atoms, giving 1 : 12-benzperylene-1'-carboxylic acid (IX), the decarboxy- 
lation of which yielded 1 : 12-benzperylene, the properties of which agreed with those 
recorded by Clar (Ber., 1932, 65, 857), who obtained this hydrocarbon by decarboxylation- 
dehydrogenation of the adduct of perylene and maleic anhydride. 


EXPERIMENTAL. 


a-2'-(1'-Bromonaphthyl)cinnamonitrile.—1-Bromo-2-naphthylacetonitrile (11-5 g.) was added 
to a solution of sodium (0-3 g.) in ethyl alcohol (4 c.c.), and benzaldehyde (5-5 g.) slowly added. 
The whole, heated on a water-bath, with stirring, for a few minutes, became clear and then 
gelatinous. After cooling, water was added, and the product extracted with ether, washed, 
dried, and distilled, b. p. 235—245°/0-8 mm. (12 g.). The mitrile crystallised from alcohol 
in long, silky, colourless needles, m. p. 105—105-5° (Found: C, 68-8; H, 40. C,,H,,NBr 
requires C, 68:25; H, 3-6%). Hydrolysis with boiling 50% sulphuric acid (10 parts) for 5 
hours or with alcoholic potassium hydroxide gave poor yields of «-2'-(1’-bromonaphthy))- 
cinnamic acid (I), identical with the acid described later. 

The nitrile (5 g.) was slowly added to fused potassium hydroxide (25 g.) at 250—260°; 
after 5 minutes the mixture was cooled and extracted with water. The tarry product could 
not be crystallised or distilled. A similar product was obtained by using quinoline as a solvent. 

The general method for the synthesis of 3 : 4-benzphenanthrene derivatives is as follows: 

Perkin Condensation.—All the Perkin condensations were carried out under similar condi- 
tions. Sodium 1l-bromo-2-naphthylacetate (1 mol.) (which separated in fine needles when a 
solution of 1 atom of sodium in alcohol was added to a solution of 1 mol. of the acid in hot 
alcohol), the appropriate aldehyde (1 mol.), and acetic anhydride (15 mols.) were heated at 
130—140° for 7 hours and then poured into a large volume of water. After 18 hours the clear 
aqueous layer was decanted, and the resinous residue digested several times with n/2-sodium 
carbonate. The combined alkaline extracts were boiled with charcoal, filtered, and acidified. 
The acids thus obtained were crystallised from acetic acid. The product obtained by using 
a-naphthaldehyde gave a very sparingly soluble sodium salt and was worked up in a different 
manner. 

Ring closure. In each case the acid from the Perkin condensation (1 part) was added to fused 
potassium hydroxide (5 parts) at-230—240° and stirred for 5 minutes; a vigorous reaction 
then set in and the potassium salt separated as a black oil. After cooling slightly, the still 
molten potassium hydroxide was poured off from the potassium salt, which was extracted 
with water (charcoal), the solution filtered and acidified, and the crude acid collected. 

Decarboxylation. The 3: 4-benz-10-phenanthroic acid derivative (1 part) was dissolved 
in quinoline (10 parts) and heated in an oil-bath at 250—260° for 1 hour with copper bronze 
(0-5 part). The cooled solution was diluted with ether, filtered, washed with dilute hydrochloric 
acid and dilute sodium carbonate solution, dried, and evaporated, giving the hydrocarbon in a 
crude state. 

a-2'-(1'-Bromonaphthyl)cinnamic acid (1; R = H), prepared from benzaldehyde and sodium 
1-bromo-2-naphthylacetate, separated from acetic.acid in colourless needles, m. p. 206—207° 
(Found: C, 64:8; H, 3-9. C,sH,;0,Br requires C, 64:6; H, 3-7%). Yield, 34%. 

3 : 4-Benz-10-phenanthroic acid (II, R = H) was obtained in 60% yield by cyclisation of the 
foregoing acid with fused potassium hydroxide. After purification through the sparingly 
soluble sodium salt and crystallisation from acetic acid, it formed light yellow needles, m. p. 
244—245°, not depressed by an authentic specimen. 

a-2’-(1'-Bromonaphthyl)-8-p-tolylacrylic acid, prepared from p-tolualdehyde, crystallised 
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from acetic acid in fine colqurless needles, m. p. 234—235° (Found : C, 65-1; H, 4:2. C,,H,,O,Br 
requires C, 65-4; H, 4:1%). Yield, 33%. 

6-Methyl-3 : 4-benz-10-phenanthroic acid. A solution of the crude acid, obtained by cyclis- 
ation of the foregoing acid, in acetic acid, was boiled with charcoal, filtered, and concentrated. 
The acid, which separated on cooling, was sublimed at 250°/0-5 mm.; it then crystallised from 
acetic acid in bright yellow needles, m. p. 274—275° (Found: C, 83-7; H, 5:0. C, H,,0, 
requires C, 83-9; H, 49%). Yield, 35%. 

6-Methyl-3 : 4-benzphenanthrene. The crude hydrocarbon obtained from the above acid 
(2-4 g.) was distilled from an air-bath at 200°/0-4 mm., forming a yellow glass (1-65 g.) which 
easily solidified. The picrate separated from methyl alcohol in vermilion needles, m. p. 118— 
118-5° (Found: C, 63-7; H, 3-7. CygH44,CsH,;O,N, requires C, 63-7; H, 3-6%). Pure 6- 
methyl-3 : 4-benzphenanthrene, regenerated from the picrate, separated from ethyl alcohol in 
colourless plates, m. p. 80—81° (Found: C, 94:3; H, 5-8. Cy, 9H,, requires C, 94-0; H, 6:0%). 

a-2’-(1’-Bromonaphthyl)-8-m-tolylacrylic acid (I; R = Me) was obtained from m-tolualdehyde 
as a sticky solid which, after trituration with and crystallisation from acetic acid, formed 
small colourless tablets, m. p. 204—205° (Found: C, 65-3; H, 4:2%). Yield, 39%. 

7-Methyl-3 : 4-benz-10-phenanthroic acid (I1; R = Me) obtained by cyclisation was purified 
in the same way as the 6-methyl compound; it formed pale yellow needles, m. p. 243—244° 
(Found: C, 83-8; H, 5-0%). Yield, 28-5%. 

7-Methyl-3 : 4-benzphenanthrene. Decarboxylation of the foregoing acid (1 g.) gave a 
gum, which was distilled from an air-bath at 180°/0-2 mm., giving a colourless viscous oil 
(0-8 g.). The picrate separated from ethyl alcohol in vermilion needles, m. p. 134—134-5° 
(Found: C, 63-9; H, 3:8%). 7-Methyl-3 : 4-benzphenanthrene, regenerated from the picrate, 
crystallised from ethyl alcohol in slender silky needles, m. p. 54—54-5° (Found: C, 94:1; 
H, 6-1%). 

a-2’-(1’-Bromonaphthyl)-B-o-tolylacrylic acid, prepared from o-tolualdehyde, separated from 
acetic acid as a microcrystalline powder, m. p. 233—-235° (Found: C, 65-1; H, 4:1%). 

8-Methyl-3 : 4-benz-10-phenanthroic acid, obtained by cyclisation, formed a sparingly soluble 
sodium salt, which separated from water in colourless plates. The pure acid, regenerated from 
the salt, crystallised from acetic acid in pale yellow needles, m. p. 269—270° (Found: C, 83-7; 
H, ‘4:9%). Yield, 38%. 

8-Methyl-3 : 4-benzphenanthrene. The distilled hydrocarbon (0-95 g.) obtained from the 
foregoing acid (1-3 g.) was converted into the picrate, which separated from ethyl alcohol in 
long, bright red needles, m. p. 107—108° (Found: C, 63-8; H, 3-7%). Pure 8-methyl-3 : 4- 
benzphenanthrene, recovered from the picrate and distilled from an air-bath at 200°/0-3 mm., 
crystallised from alcohol in colourless plates, m. p. 65—66° (Found: C, 94:2; H, 59%). 

a-2-(1-Bromonaphthyl)-B-1'-naphthylacrylic acid (III). The resin arising from the Perkin 
condensation with a-naphthaldehyde was dissolved in ether and filtered from an insoluble 
neutral substance, which separated from acetic acid in long colourless needles, m. p. 187—188° 
(Found: C, 58-9; H, 36%). This substance has not yet been identified; it was recovered 
unchanged after boiling for 5 hours with alcoholic potassium hydroxide solution and also after 
fusion with potassium hydroxide at 230—240°. The ethereal solution was shaken with sodium 
carbonate solution; the very sparingly soluble sodium salt of the acid then separated. The 
regenerated acid crystallised from acetic acid, in which it was very sparingly soluble, in yellow 
tablets, m. p. 267—268° (Found: C, 68-3; H, 3°85. C,;H,,O,Br requires C, 68-5; H, 3-75%). 
Yield, 24%. 

1: 2:5: 6-Dibenz-9-phenanthroic acid (IV; R= CO,H). The crude acid from the cyclis- 
ation of the foregoing acid was sublimed at 300°/0-4 mm. and crystallised from acetic acid, the 
pure acid separating in light yellow needles, m. p. 309—310° (Found : C, 85-2; H, 4-4. C,3;H,,O, 
requires C, 85-3; H, 45%). Yield, 46%. 

1: 2:5: 6-Dibenzphenanthrene. The crude hydrocarbon from the decarboxylation was 
distilled (yield, 1-5 g. from 1-9 g. of the acid) and converted into the picrate, which after two 
crystallisations from acetic acid containing picric acid formed reddish-orange needles, m. p. 
126-5—127° (Found: C, 66-3; H, 3-5. C,3H,,,CgH,0,N, requires C, 66-25; H, 3-4%). The 
picrate dissociated when dissolved in 80% acetic acid and the hydrocarbon separated in colourless 
needles which, after a further crystallisation from glacial acetic acid, had m. p. 126—127° 
(Found: C, 94:8; H, 5-3. C,,H,, requires C, 94:9; H, 5-1%). 

1: 2:3: 4-Tetrahydro-6-naphthaldehyde. 6-Acetyltetralin (Scharwin, loc. cit.) (38-2 g.) 
was boiled for 6 hours with a solution of sodium hypochlorite prepared from sodium hydroxide 
(110 g.) in water (1-5 1.) and chlorine (from 78 g. of potassium permanganate). After cooling, 
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unchanged acetyltetralin was extracted with ether, and the alkaline solution acidified. The 
unchanged material was again treated with sodium hypochlorite, and a further amount of acid 
obtained. Combined yield, 74%. The acid chloride (126 g.), obtained by refluxing the acid 
(115-5 g.) with thionyl chloride (300 c.c.), was converted, by treatment with aniline (126 g.) 
in chloroform (450 c.c.), into the anilide (153 g.) which formed colourless needles (from methyl 
alcohol), m. p. 146—147° (Scharwin, loc. cit., p. 2902, gives m. p. 141°) (Found: C, 81-3; 
H, 7:2. Calc. for C,,H,,ON: C, 81:2; H, 68%). 

The anilide (75 g.) was converted into the iminochloride by heating with phosphorus penta- 
chloride (109-5 g.) in tetrachloroethane (330 c.c.) at 150° for} hour. After removal of phosphorus 
oxychloride and the solvent, the residue was dissolved in a little tetrachloroethane and added 
to a solution of stannous chloride (240 g.) in a saturated solution of hydrogen chloride in ether 
(1-5 1.), cooled in ice. After remaining for 4 hours in ice and for 16 hours at the ordinary tem- 
perature, the ether and tetrachloroethane were removed with steam, and the residue hydrolysed 
with dilute hydrochloric acid. The crude aldehyde was extracted with ether, purified through 
its bisulphite compound, and steam-distilled; b. p. 150°/13 mm. (29-2 g.). Its semicarbazone, 
m. p. 228° (lit., 223°), separated from ethyl alcohol, in which it was sparingly soluble, in small 
needles, 

a-2-(1-Bromonaphthyl)-B8-6'-(1' : 2’ : 3’ : 4’-tetrahydronaphthyl)acrylic acid (V). The acid aris- 
ing from the Perkin condensation with the foregoing aldehyde formed a white microcrystalline 
powder, m. p. 206—207°, after crystallisation from acetic acid (Found: C, 67:8; H, 4:7. 
C,,;H,,0,Br requires C, 67-8; H, 4:7%). Yield, 22%. 

Ring closure. The crude acid arising from the ring closure of the foregoing acid (16 g.) 
was dissolved in hot aqueous sodium carbonate, the solution filtered and cooled, and the sodium 
salt, which separated as a brown, almost gelatinous mass, collected. This was dissolved in water 
(charcoal), the filtered solution acidified, and the precipitate extracted with ether. The washed 
and dried extract was evaporated to dryness, the residue triturated with benzene, and the solid 
which separated filtered off and sublimed at 260°/3 mm. (4-3 g.). Crystallisation from xylene 
gave 0-6 g. of light yellow needles, m. p. 286—287°, which were shown to be 3: 4-benz-5: 6- 
tetramethylene-10-phenanthroic acid (VIII) (Found: C, 83-9; H, 5-4. C,,H,,O0, requires C, 
84-6; H, 5-6%). The xylene liquor of this acid was evaporated to dryness, and the residue 
crystallised once from acetic acid; m. p. 238—240°, clear at 243° (3-5 g.). Repeated crystal- 
lisation from acetic acid failed toimprove them. p. This was shown to be essentially 5 : 6: 7: 8- 
tetrvahydro-1 : 2-(1' : 2'-naphtha)-3-anthroic acid (VI) (Found: C, 849; H, 5-5. C,3;H,,0, 
requires C, 84-6; H, 5-6%). 

1: 2-(1' : 2’-Naphth)anthracene (VII). 5:6:7: 8-Tetrahydro-1 : 2-(1’ : 2’-naphtha)-3-an- 
throic acid (2-6 g.) was dehydrogenated with sulphur (0-6 g.) at 270° for 14 hours. The cooled 
mass was dissolved in warm dilute aqueous sodium carbonate, the filtered solution acidified, 
and the crude acid collected and dried. After sublimation at 300°/0-2 mm. and crystallisation 
from xylene the acid formed bright yellow needles (0-7 g.), m. p. 284—285° (Found : C, 85-45; 
H, 4:3. C,,;H,,O, requires C, 85-3; H, 45%). 

Decarboxylation gave a solid crude hydrocarbon, which was distilled at 200—210°/0-2 
mm. (0-5 g.) and converted into the dipicrate, m. p. 147—-148°, in acetic acid, from which the 
hydrocarbon, m. p. 135—136°, was regenerated. Oxidation of the hydrocarbon (50 mg.) 
with sodium dichromate (100 mg.) in boiling acetic acid (2 c.c.) (1 hour) gave a quinone, which 
was purified by reduction with zinc and boiling dilute sodium hydroxide solution to a deep red 
vat, from which the quinone was regenerated by shaking with air. 1: 2-(1' : 2’-Naphth)anthra- 
quinone was sublimed at 250°/0-3 mm.; it then crystallised from xylene in yellow needles, m. p. 
273—274° (Found: C, 85-4; H, 40. C,,H,,O, requires C, 85-7; H, 3-8%). The pure quinone 
was reduced by the two-stage method of Cook (J., 1932, 468) to 1: 2-(1’ : 2’-naphth) anthracene, 
which separated from acetic acid in long, slightly yellow needles, m. p. 137—138° (Found: 
C, 95-0; H, 5-0. C,y,H,, requires C, 94-9; H, 5-1%). The pure dipicrate separated from acetic 
acid in deep purplish-red needles, m. p. 148—149° (Found : C, 55:7; H, 2-9. C,,H44,2C,H,O,N, 
requires C, 55-4; H, 2-75%). 

3 : 4-Benz-5 : 6-tetramethylene-10-phenanthroic acid (0-4 g.) was dehydrogenated with 
sulphur (0-1 g.) in quinoline (1 c.c.) at 240° for 3hours. The cooled solution was boiled with dilute 
hydrochloric acid and filtered, the product boiled with dilute sodium carbonate solution, and 
the very sparingly soluble sodium salt, which was the main product, collected. The regenerated 
acid was sublimed at 300°/0-3 mm., a trace of material which came off at 250°/0-2 mm. being 
rejected. The sublimate was boiled with xylene to remove colquring matter and then formed 
a yellow powder (0-13 g.). 30 Mg., recrystallised from 200 c.c. of acetic acid, formed yellow 
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microscopic needles, m. p. 357—358° (Found: C, 85-5; H, 4-0. C,,;H,,O, requires C, 86-2; 
H, 38%), of 1: 12-benzperylene-1'-carboxylic acid (IX). Decarboxylation of the acid yielded 
1: 12-benzperylene; this separated from benzene in yellow plates, m. p. 269—270°, which gave 
an emerald-green colour with concentrated sulphuric acid (cf. Clar, Joc. cit.). Its picrate 
separated from benzene in purplish needles, m. p. 266—267° (Found: C, 66-8; H, 3-0. Calc. : 
C, 66-5; H, 30%). Clar gives m. p. 267°. 

The author is indebted to the British Empire Cancer Campaign for a grant to the hospital 
which has assisted this investigation. 
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242. 1:2:5: 6-Dibenzphenanthrene. 
By ERNsT BERGMANN. 


1: 2:5: 6-Dibenzphenanthrene (III), one of the missing pentacyclic aromatic hydrocarbons, 
has now been prepared, the essential step being the cyclisation of 4-6-phenylethyl-1 : 2- 
dihydrophenanthrene (1), which was obtained by interaction between 4-keto-l : 2:3: 4- 
tetrahydrophenanthrene and §-phenylethylmagnesium chloride. On dehydrogenation, 
the oily cyclisation preduct yielded only partly the desired 1 : 2 : 5 : 6-dibenzphenanthrene 
(III) and therefore consisted only partly of the “ normal ”’ substance (II). A A#ydrocarbon, 
CygH,,, was also obtained, for which we tentatively suggest the spiran formula (IV), which 
would account for the resistance to the dehydrogenating action of selenium; obviously, 
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the hydrocarbon may also result from incomplete dehydrogenation, although in this case 
a substance C,,H,, would be expected (leaving one hydrogenated ring). The yields were 
poor and a more suitable method was being sought when Prof. J. W. Cook kindly informed 
us that a smooth method for the synthesis of (III) has been worked out by Dr. C. L. Hewett 
(preceding paper). While this paper was in the press, Weidlich reported that he also had 
obtained 1: 2:5: 6-dibenzphenanthrene (Ber., 1938, 71, 1203). 


EXPERIMENTAL. 


4-8-Phenylethyl-1 : 2-dihydrophenanthrene (I).—4-Keto-1 : 2: 3: 4-tetrahydrophenanthrene 
(Haworth, J., 1932, 1125) (12-5 g.) was added to the Grignard solution prepared from magnesium 
turnings (4-5 g.) and $-phenylethyl chloride (24 c.c.) ; to complete the reaction, it was necessary 
to add toluene (100 c.c.), distil off the ether, and boil the remaining mixture for 3 hours. The 
mass was decomposed, the solvent evaporated, and the residue heated with potassium hydrogen 
sulphate (15 g.) at 140° for 1 hour. The product, worked up in the usual way, was fractionated 
under 0-01 mm. pressure, giving a considerable head fraction, followed by the desired 
compound (1). After repeated distillation this was obtained as a yellow oil, b. p. 180°/0-01 mm., 
n® 1-6510 (Found: C, 92-8; H, 7-1. CygHyq requires C, 92-9; H, 7-1%). 

Cyclisation. The foregoing hydrocarbon (6-5 g.) was dissolved in ice-cold carbon disulphide 
(65 c.c.) and, after addition of powdered aluminium chloride (13 g.), kept at 0° for 12 hours, 
The mass was poured into a mixture of ice and concentrated hydrochloric acid, and the product 
isolated by vacuum distillation as a viscous yellowish oil, b. p. 190°/0-03 mm. The analysis is 
satisfactory, but in view of the results of the dehydrogenation experiment reported below, 
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the product may be non-homogeneous (Found: C, 92-5; H, 6-9. (C,,H,. requires C, 92-9; 
H, 71%). Yield, 4 g. 

Dehydrogenation. ‘The above cyclisation product (2 g.) was heated with selenium (4 g.) at 
325—330° for 24 hours (sealed tube); charring occurred to a considerable extent. The product 
was isolated by means of benzene—ethyl acetate and purified by distillation in a high vacuum 
(0-01 mm.). The distillate solidified spontaneously and was recrystallised from glacial acetic 
acid. Fractionation gave (a) 1: 2:5: 6-dibenzphenanthrene (III), which formed prisms, m. p. 
128°, from propyl alcohol (Found: C, 95-2; H, 5-3. C,,H,, requires C, 95-0; H, 5-0%), and 
(b) a hydrocarbon, C,,H,, (IV ?), separating from glacial acetic acid in clusters of needles, m. p. 
98—100°, which sublimed easily (Found: C, 93-4; H, 6-6. C,,H,, requires C, 93-6; H, 6-4%). 
The yield of these substances amounted to 20 mg. each. The m. p. of the former was not 
depressed on admixture with a specimen prepared by Dr. Hewett. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, June 16th, 1938.] 





243. Pyrido(l’:2':1:2)benziminazoles and Allied Compounds 
(Cyclic 1 : 3-Diazalines). 


By Sir GILBERT MorRGAN and JESSIE STEWART. 


The a-amino-derivatives of pyridine, quinoline, and isoquinoline readily obtainable 
from these bases by the sodamide condensation (Tschitschibabin’s reaction) are 
favourable starting materials in the preparation of substances having a pyridinic or 
quinolinic structure likely to be of interest as either colour intermediates or therapeutic 
agents. 

When condensed with 1-chloro-2 : 4-dinitrobenzene, these «-amino-compounds yield 
sparingly soluble dinitroamines which when suitably solubilised have tinctorial 
properties towards acetate rayon similar to the Dispersol yellows. 

The condensation products with 1-chloro-2 : 4: 6-trinitrobenzene (picryl chloride). 
readily lose the elements of nitrous acid to furnish dinitro-derivatives of a new group 
of hydroaromatic bases—the pyrido(1’ : 2’ : 1 : 2)benziminazoles (cyclic 1 : 3-diazalines). 
Successive reduction and diazotisation lead to elimination of the nitro-substituents 
with formation of the parent diamines, of which pyrido(1’ : 2’: 1: 2)benzimin- 
azole (1 : 2-pyrido-4 : 5-benz-1 : 3-diazaline) is the simplest member. This condens- 
ation with picryl chloride has been generalised by application to 2-amino-3-methylpyri- 
dine, 2-aminoquinoline, l-aminoisoquinoline, and 9-aminophenanthridine, giving rise to 
increasingly complex 1 : 3-diazalines with three, four, and five rings respectively. The 
various amino-derivatives of this group of 1 : 3-diazalines are convenient starting points 
for the synthesis of more complicated heterocyclic bases suitable for trials in 
chemotherapy. 


In an attempt to prepare new bases of the pyridine series utilisable in the production of 
chemotherapeutic substances, 2-aminopyridine and 5-amino-2: 2'-dipyridylamine (I), 
prepared by catalytic reduction of the corresponding nitro-compound, are each condensed 


“Oh : 
NO, (NH;) 
NONNHONT SN’NNH— NO, xol ro Who) 


(NH, (NH) © (NH) 
ae (II.) (III) 


with 1-chloro-2 : 4-dinitrobenzene and with 1-chloro-2 : 4 : 6-trinitrobenzene (picry] chloride) 
to form the corresponding N-2’ : 4’-dinitrophenyl (II and III) and N-2’ : 4’ : 6’-trinitrophenyl 
derivatives (IV and V) of the respective primary amines. 
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A method is worked out for the nitration of 2 : 2’-dipyridylamine to give a mononitro- 
derivative, the identity of which as 5(or 8’)-nitro-2 : 2’-dipyridylamine is established by 
comparison with the known £-nitro-compound synthesised by Tschitschibabin and Preo- 
brashensky (Ber., 1928, 61, 199) from 2-aminopyridine and 2-chloro-5-nitropyridine and first 
prepared by these authors in small quantities by direct nitration of 2 : 2'-dipyridylamine. 
N-2' : 4'-Dinitrophenyl-2-aminopyridine (II) and N-2” : 4”- -dinitrophenyl-5-amino-2 : 2’- 
dipyridylamine (III) are reduced catalytically in alcoholic suspension with hydrogen under 
pressure to N-2’ : 4’-diaminophenyl-2-aminopyridine (II) and N-2” : 4’”-diaminophenyl-5- 
amino-2 : 2'-dipyridylamine (III). 

By treatment with methyl iodide N-2’ : 4’ : 6’-trinitrophenyl-2-aminopyridine (IV) is 
converted in alcoholic caustic potash solution into a N-methyl derivative, but under com- 
parable conditions N-2’ : 4’-dinitrophenyl-2-aminopyridine (II) remains unattacked by 
methyl iodide. 

(I) Ring Closure with Picryl Derivatives.—N-2’ : 4’ : 6’-Trinitrophenyl-2-aminopyridine 
(IV) loses the elements of nitrous acid with very great ease, and is converted thereby into a 
dinitro-compound, differing in this respect too from the extremely stable N-2’ : 4’-dinitro- 
phenyl-2-aminopyridine (II). 

N-Picryl-2-aminopyridine may be represented in the tautomeric forms (VIa and VI8) on 
the supposition that the hydrogen atom of the picramido-group migrates to the adjacent 


NO, NO 


ON 
TR aes Narwoi vo, 


a 


nitrogen atom of the pyridine ring. A dinitro-«-carboline (VII) would result from the loss of 
nitrous acid from a picryl compound of the former structure (VIa), the hydrogen atom 
withdrawn being from position 3 of the pyridine ring. Ring closure of a picryl compound of 


NO 


: NO, 
OO: GO CO 
(VII.) (VIII.) (Ix.) NO, 


the alternative constitution (VIb) would involve the hydrogen attached to the nuclear 
nitrogen atom of the pyridine ring and a nitro-group in the o-position of the benzene ring, 
giving rise to an isomeric dinitro-compound represented by structure (VIII), to which the 
designation pyrido(1’ : 2’ : 1 : 2)benziminazole (cyclic 1 : 3-diazaline *) is assigned. 

(II) Cyclic 1: 3-Diazalines. Pyridine Series.—Ring closure of N-picryl-2-aminopyri- 
dine is of the latter type, for the dinitro-compound, 4 : 6-dinitropyrido(1’ : 2’ : 1 : 2)benzi- 
minazole (1 : 2-pyrido-7 : 9-dinitro-4 : 5-benz-1 : 3-diazaline) (VIII), into which it passes is 
reduced catalytically in alcoholic solution with hydrogen under pressure in presence of 
platinic oxide to the corresponding primary diamine (X), and either simultaneous removal of 
both amino-groups from this diamine, by the method of diazotisation devised by Schoutissen 
(J. Amer. Chem. Soc., 1933, 55, 4535), and decomposition of the solid diazonium salt with 
alcohol, or partial reduction of the dinitro-compound in acetone suspension with aqueous 


* When the compound is named as a cyclic 1 : 3-diazaline, the numbering of the ring is as follows: 


oyC? ¥ 8 
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sodium sulphide and sulphur to the nitroamino-derivative (XI), followed by successive 
removal of substituent groups, leads to a base ws m. p. 178—179°, which is not identical 


NO,(NH,) 
mo, 2\7% 
“COO mit 
| 
ene" bis OO 


(X.) (XIV.) 


but isomeric with the known a-carboline (XV), m. p. 210°, prepared by Lawson, Perkin, and 
Robinson (J., 1924, 125, 626) by eg of  epecs 


OO A ae 


(XV.) *(XVI. ) * (XVII) 


Solutions of the former base, pyrido(1’ : 2’: 1: 2)benziminazole (1 : 2-pyrido-4 : 5-benz- 
1 : 3-diazaline) (XIV)—the first of a series of colourless cyclic 1 : 3-diazalines prepared from 
the appropriate picryl derivatives of bases containing cyclic nitrogen and amino-groups in 
adjacent positions as in 2-aminopyridine—lack the intense blue fluorescence exhibited by 
solutions of «-carboline in neutral solvents. Characteristic also of a-carboline is the 
magenta coloration, turning to deep blue, produced when this base (XV) is reduced with 
sodium and tsoamyl alcohol and treated with p-dimethylaminobenzaldehyde in presence of 
alcohol and dilute hydrochloric acid. Reduction of the diazaline (XIV)-under comparable 
conditions does not lead to the development of a blue colour with #-dimethylaminobenz- 
aldehyde. 

Another possible alternative with regard to the formation of N-picryl-2-aminopyridine is 
dismissed as less probable, since it involves the assumption that the picryl residue attaches 
itself to the nuclear rather than to the substituent nitrogen atom of 2-aminopyridine, the 
latter reacting in the imino-form. Withdrawal of the elements of nitrous acid from picryl- 
2-aminopyridine if it were formed in this way (VIc) would give a dinitrodiazaline (IX), 
isomeric with the 7 : 9-dinitro-compound (VIII) but differing from it only in the positions 
(6: 8) of the nitro-groups, so that this isomerism would disappear on removal of the 
substituent groups from the respective structures (VIII) and (IX). 

The molecular weight of the parent diazaline (XIV) determined by the Rast and 
Beckmann methods is in agreement with the unimolecular structure formulated above and 
accords with the view that ring closure of picryl-2-aminopyridine with loss of nitrous acid is 
a unimolecular and not a bimolecular reaction. The latter chemical change would give a 


Cyan NO, 
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(XVIII) 


substance of a type indicated by the complex structure (XVIII). 4: 6-Dinitro- 
pyrido(l’ : 2’ : 1 : 2)benziminazole [1 : 2-Pyrido-7 : 9-dinitro-4 : 5-benz-1 : 3-diazaline] 


‘ 





[1938] and Allied Compounds (Cyclic 1 : 3-Diazalines). 1295 


(VIII) is reduced catalytically in alcoholic solution with hydrogen under pressure to a 
tetrahydro-primary diamine (XVI), elimination of the amino-groups from the latter diamine 
resulting in a colourless base, m. p. 107°, believed to be 3’: 4’ : 5’ : 6’-tetrahydropyrido- 
(1’:2’:1:2)benziminazole 3’: 4’: 5’ : 6’-tetrahydro-1 : 2-pyrido-4 : 5-benz-1 : 3-diazaline] 
(XVII). The preparation of the respective bis-triazo-compounds from the diamine and the 
tetrahydro-diamine supports the view that the double bonds of the pyridine ring become 
saturated while that at positions 2 and 3 remains unaffected. Were the latter double bond 
saturated with production of an imino-group at position 3, adjacent to an amino-group at 
position 4, in all probability ring closure across the 3 and 4 positions would occur on diazo- 
tisation. This evidence is admissible only if one amino-group is in position 4. No com- 
parable ring closure would take place in the case of a tetrahydro-5 : 7-diamine, even with an 
imino-group at position 3. 

(III) Cyclic 1: 3-Diazalines. 6-Picoline Series.—Zeide (Ber., 1924, 57, 1802; compare 
Philips, Annalen, 1895, 288, 264) has shown that the base (b. p. 95°/8 mm.) prepared by the 
direct action of sodamide on 6-picoline is 2-amino-3-methylpyridine and not 6-amino-3- 
methylpyridine. 

N-2’ : 4’ : 6’-Trinitrophenyl-2-amino-3-methylpyridine (XIX) is the picryl derivative of a 
base, the structure of which precludes the formation of a substituted a-carboline. Never- 
theless it loses the elements of nitrous acid with great facility and undergoes ring closure in a 
precisely similar manner to that of piety cea to the 4: nae ae 


NO,(NH,) 
— HNO, Tm 


Ma Vi 
io NO,(NH,) ¢4 at 


(XX.) “ (Xxt. ) 


pyrido(l’ : 2’ : 1 : 2)benziminazole [3’-methyl-1 : 2-pyrido-7 : 9-dinitro-4 : 5-benz-1 : 3- 
diazaline] (XX). This is converted by catalytic reduction into the corresponding diamine 
(XX) and by milder reduction with sodium sulphide and sulphur into the nitroamino- 
diazaline. 3'-Methylpyrido(l’ : 2’: 1 : 2)benziminazole [3’-methyl-1 : 2-pyrido-4 : 5-benz- 
1 : 3-diazaline| (XXI) is prepared both by reduction of the bis-diazonium salt from the 
primary diamine and by successive elimination of substituents from the nitroamino- 
diazaline. 

(IV) Cyclic 1:3-Diazalines. Quinoline Series —N-Picryl-2-aminoquinoline, like N- 
picryl-2-aminopyridine, offers the possibility of ring closure of «-carboline type as well as of 
diazaline type, the position adjacent to the aes of 2-aminoquinoline carrying an 


NO,(NH,) 
ANS a a oe 
NANO, NO, _, A N—\_NO,(NH,) 
(XXII) (X XIII.) (XXIV.) 


available hydrogen atom. Gabriel and Eschenbach (Ber., 1897, 30, 3020) and Lawson, 
Perkin, and Robinson (J., 1924, 125, 627) have prepared quinindoline (XXII), a benzo-a- 
carboline crystallising in yellow leaflets, m. p. 346°, the former investigators by reduction 
and simultaneous ring closure of 2 : 2’-dinitrocyanodibenzyl, the latter 

(\o by pyrolysis of 1-a«-quinolylbenztriazole. Ring closure of N-picryl-2- 
aminoquinoline (XXIII) by loss of the elements of nitrous acid furnishes 

a dinitro-compound (XXIV) of diazaline type. Qwuinolo(1’ : 2’: 1: 2)- 
benziminazole(1 : 2-quinolo-4 : 5-benz-1 :3-diazaline) (X XV), the colourless 


(= 

(XXV.) cyclic 1: S diazalice isomeric with quinindoline (XXII), is obtainable 
either directly from the corresponding diamine (XXIV), which results from catalytic 
reduction of the dinitro-compound (XXIV); or in successive stages from the nitro- 
aminodiazaline. 
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(V) Cyclic 1:3-Diazalines. isoQuinoline Series.—N-2' : 4’ : 6’-Trinitrophenyl-1-amino- 
isoquinoline (XXVI, tautomeric form) resembles N-2’ : 4’ : 6’-trinitrophenyl-2-amino-3- 
methylpyridine (XIX) in that it is derived from a base, the structure of which permits loss of 
the elements of nitrous acid from the corresponding picryl compound with ring closure of 
diazaline type but precludes «-carboline formation, and, like the latter picryl compound, it 
undergoes with great facility transformation to a dinitro-diazaline (XXVII). 





NO,(NH,) 

N\A. 100, Os ji 
cris NO, \ N—\_)No,(NH,) e 
(XXVI.) (XXVIL.) (XXVIII) 


Catalytic reduction of an alcoholic suspension of 4 : 6-dinitroisoquinolo(2’ : 1’ : 1 : 2)- 
benziminazole [1 : 2(2’ : 1’)isoguinolo-7’ : 9-dinitro-4 : 5-benz-1 : 3-diazaline] (X XVII) to the 
corresponding primary diamine (X XVII) and subsequent removal of the substituent amino- 
groups from the latter give the parent base of the series, isoguinolo(2’ : 1’ : 1 : 2)benzimin- 
azole [1 : 2(2’ : 1’)isoguinolo-4 : 5-benz-1 : 3-diazaline] (XXVIII). 

In the course of this investigation it has been found that coal-tar quinoline, however 
carefully purified, contains appreciable quantities of isoquinoline, and the presence of the 
latter base makes it extremely difficult to prepare from coal-tar quinoline by the method of 
Tschitschibabin and Zeide (J. Russ. Phys. Chem. Soc., 1914, 46, 1216; Tschitschibabin and 
Zacepina, ibid., 1920, 50, 553) 2-aminoquinoline of m. p. 129-5° free from 1-amino#soquino- 
line of m. p. 124—125°. At an early stage of the investigation (Chem. and Ind., 1937, 56, 
670) it was thought that two forms of 2-aminoquinoline had been isolated, the one (m. p. 
129-5°) giving an insoluble yellow picryl derivative which did not melt below 280°, the other 
(the m. p. of which was raised u.amately to 124—125°) giving a readily soluble, brick-red 
picryl compound, m. p. 154—156°. The latter isomeride is now identified as N-picryl-1- 
amino#soquinoline, for there has been prepared from it a cyclic 1 : 3-diazaline, m. p. 129°, 
identical with the diazaline (XXVIII) obtained from authentic l-aminoisoquinoline pre- 
pared directly from isoquinoline. The primary amine from which the diazaline was 
derived is established as 1-aminoisoquinoline (compare Tschitschibabin and Oparina, /. 
Russ. Phys. Chem. Soc., 1920, 50, 543). 

(VI) Cyclic 1: 3-Diazalines. Phenanthridine Series —N-2' : 4’ : 6'-Trinitrophenyl-9- 
aminophenanthridine (X XIX) is derived from a base in which the hydrogen required for 
«-carboline formation is already replaced by a benzenoid residue of the phenanthridine 
molecule. Nevertheless this picryl compound, like those of 2-amino-3-methylpyridine and 
l-aminoisoquinoline, loses the elements of nitrous acid with great facility. The dinitro- 
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derivative into which it is transformed is the corresponding 4 : 6-dinitrophenanthrido- 
(10’ : 9’ : 1 : 2)benziminazole [1 : 2(10’ : 9’)-phenanthrido-7 : 9-dinitro-4 : 5-benz-1 : 3-diaz- 
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aline] (XXX). Catalytic reduction of the latter compound to the diamino-diazaline (XXX), 
followed by diazotisation of this base’ and reduction of the resulting bis-diazonium salt, 
gives the parent diazaline of the phenanthridine series, phenanthrido(10’ : 9’ : 1 : 2)benz- 


)— 


5 























































r iminazole [1 : 2(10’ : 9')-phenanthrido-4 : 5-benz-1 : 3-diazaline] (XXXI). 

t Morgan and Walls (J., 1932, 2227) record anomalies in the behaviour of 9-aminophen- 
anthridine which suggest that the base may not be a true primary amine but an internal 
amidine. In accordance with this hypothesis, N-picryl-9-aminophenanthridine does not 
exist as represented by structure (X XI Xa), but in a form which is capable of ring closure to 
a dinitro-diazaline without prior tautomeric change. Even if it were incorrect in con- 
sequence to disregard entirely in this instance the possibility of attachment of the picryl 

| residue to the nuclear nitrogen atom of the heterocyclic ring of the phenanthridine molecule, 
the question of «-carboline formation does not arise. The only possible isomerism on with- 
drawal of the elements of nitrous acid is that of (7 : 9) or (6 : 8) substitution in the resulting 

)- dinitro-diazaline, and such isomerism disappears on removal of substituent groups from 

e the diamino-diazaline into which the dinitro-diazaline is converted by catalytic reduction. 

)- The values found by the Rast method for the molecular weights of tetrahydropyrido- 

1- benziminazole [tetrahydro-1 : 2-pyrido-4 : 5-benz-1 : 3-diazaline] (XVII) and of diamino- 
and parent diazalines of the 8-picoline, quinoline, soquinoline,and phenanthridine series are 

or all in agreement with the unimolecular structures formulated above and assigned to these 

1e series of substances (compare p. 1294, formula XVIII). 

of 

id EXPERIMENTAL, 

> 5-Nitro-2 : 2'-dipyridylamine.—2 : 2’-Dipyridylamine was obtained in 55% yield, calculated 

6, on the weight of 2-aminopyridine actually condensed, by refluxing equimolecular amounts of 

p- 2-aminopyridine and 2-aminopyridine hydrochloride at 250—280° for 6—7 hours. Longer 

er periods were detrimental to the yield and purity of the product (compare Tschitschibabin and 

d Vorobiev, J. Russ. Phys. Chem. Soc., 1920, 50, 519; Tschitschibabin and Preobrashensky, Ber., 

1- 1928, 61, 199). 5-Nitro-2 : 2’-dipyridylamine was prepared in 58—60% yield by gradual addi- 

- tion, with stirring and cooling to 10°, of nitric acid (49 g., d 1-5) in sulphuric acid (300 c.c., d 

e- 1-84) to 2: 2’-dipyridylamine (60 g.) in sulphuric acid (600 c.c., d 1-84) (cf. Tschi-. 

as tschibabin and Preobrashensky, Joc. cit.). After three days at room temperature the 

J. mixture was poured into water, made almost neutral to Congo-red with 6N-sodium hydroxide, 
filtered from precipitated dinitro-derivatives, the mononitro-compound separated from 

9- the filtrate by further addition of sodium hydroxide, collected, and crystallised from alcohol. 

a There was no depression of m. p. (198°) on admixture of authentic mononitro-derivative from 
the condensation of 2-aminopyridine with 2-chloro-5-nitropyridine (cf. Tschitschibabin and 

4" Preobrashensky, Joc. cit.). 

id 5-Amino-2 : 2'-dipyridylamine (I).—The foregoing mononitro-compound, suspended in 

dl absolute alcohol (6 1.), was reduced at 50° in the presence of platinic oxide (3 g.) or Nuchar 


charcoal (10 g.) containing colloidal palladium equivalent to palladium chloride (1 g.) with 
hydrogen under pressure maintained between 15 and 10 atm. until this gas was no longer 
absorbed. The filtrate from suspended catalyst was distilled to small bulk, the base in the 
liquid residue precipitated by successive addition of ether and hydrochloric acid (d 1-16), and the 
hydrochloride crystallised from the minimum amount of hot water, deposition of solid being 
completed by addition of alcohol or alcohol-ether. The colourless base, regenerated by precipit- 
ation with sodium hydroxide (50%) from a cold aqueous solution of the hydrochloride, was 
crystallised from benzene-light petroleum (b. p. 40—60°); m. p. 91° (Found: C, 64-6; H, 5-7; 
N, 29-8. CygH N, requires C, 64-5; H, 5-4; N, 30-1%). } 
N-2’ : 4'-Dinitrophenyl-2-aminopyndine (II).—An intimate mixture of 2-aminopyridine 
(18 g.) and 1-chloro-2 : 4-dinitrobenzene (40 g.) was heated in an oil-bath to 105°, raised gradually 
to 120° as the reaction subsided, and maintained at 120° for 2 hours. The mass was extracted 
successively with water and alcohol until all tarry matter was removed; the residue of N-2’ : 4’- 
dinitrophenyl-2-aminopyridine (II) crystallised from toluene in golden needles, m. p. 156—157° 
(Found : C, 50-9; H, 3-2; N, 21-8. C,,H,O,N, requires C, 50-8; H, 3-1; N, 215%). Larger 
batches of the reagents reacted with such violence that the condensation was repeated in toluene 
solution as described for the preparation of the analogous trinitro-compound. 
lo- N-2” : 4"-Dinitrophenyl-5-amino-2 : 2'-dipyridylamine (III).—A solution of the base (I) (36 g.) 
in absolute alcohol (500 c.c.) was boiled under reflux for 3 hours with 1-chloro-2 : 4-dinitro- 
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benzene (40 g.). The red crystalline product (31 g., m. p. 196°) was collected from the hot reaction 


mixture. A further deposit (4 g.) of the yellow hydrochloride of the latter substance separated 
slowly from the cooled filtrate, and from this hydrochloride the red dinitro-derivative (3-3 g., 
m. p. 194°) was regenerated. Crystallisation from toluene raised the m. p. to 198° (Found: C, 
54-8; H, 3-4; N, 24-1. C,,H,,0,N, requires C, 54-6; H, 3-4; N, 23-9%). 

The dinitroamines (II) and (III) were tested as dyes for acetate rayon by the Dyestuffs 
Group of Imperial Chemical Industries and found to possess tinctorial properties in common 
with Dispersol Fast Yellow AS and Dispersol Yellow 3GS. 

N-2’ : 4'-Diaminophenyl-2-aminopyridine (II).—The corresponding dinitro-compound (II) 
(10 g.), suspended in absolute alcohol (300 c.c.) at 50°, was reduced in the presence of platinic 
oxide (0-5 g.) or palladium-charcoal (4 g.) by hydrogen at 5—3 atms. until absorption was com- 
plete. The filtrate from suspended catalyst was concentrated under reduced pressure, the newly 
formed base separating from the concentrate in minute crystals, m. p. 150° (Found: C, 66-0; 
H, 6-3; N, 27-7. C,,H,,N, requires C, 66-0; H, 6-0; N, 28-0%). 

N-2” : 4’’-Diaminophenyl-5-amino-2 : 2'-dipyridylamine (III).—The corresponding dinitro- 
compound (III) was reduced catalytically in alcoholic suspension to the primary diamine (m. p. 
187°) in a manner similar to that described for the reduction of the analogous dinitropheny]l-2- 
aminopyridine (Found: C, 65-0; H, 5-4; N, 28-4. C,,H,,N, requires C, 65-75; H, 5-5; N, 
28-8%). 

N-2’ : 4’ : 6’-Trinitrophenyl-2-aminopyridine (IV).—A solution of picryl chloride (48 g.; 1 
mol.) in benzene (150 c.c.) was added gradually to 2-aminopyridine (36 g.; 2 mols.) dissolved in 
benzene (150 c.c.), and boiled under reflux for 1 hour. The benzene solution of N-picryl-2- 
aminopyridine was decanted at room temperature from aminopyridine hydrochloride precipi- 
tated during condensation, and crystallisation was promoted by concentration and finally by 
precipitation with light petroleum (b. p. 40—60°). Recrystallised from benzene solution, the 
picryl compound formed large rhombic crystals, m. p. 135° (Found: C, 43-4; H, 2-5; N, 23-0. 
C,,H,O,N, requires C, 43:3; H, 2:3; N, 22-95%). A concentrated aqueous solution of that 
portion of the original base recovered as hydrochloride was precipitated with solid sodium 
hydroxide, and the aminopyridine purified by crystallisation from benzene and distillation under 
reduced pressure. 

N-2” : 4” : 6’'-Trinitrophenyl-5-amino-2 : 2'-dipyridylamine (V).—Solutions of picryl chloride 
(2-5 g.) and 5-amino-2 : 2’-dipyridylamine (I) (3-7 g.) each in dry toluene (50 c.c.) were mixed and 
boiled for 4 hour. The picryl compound (V), which separated from the hot filtrate in ruby-red 
plates, was recrystallised from toluene; m. p. 224° (Found: C, 48-45; H, 2-7; N, 23-5, 23-0. 
CyeH10—Ny requires C, 48-4; H, 2-8; N, 24-7%). 

N-2’ : 4’ : 6'-Trinitrophenyl-N-methyl-2-aminopyridine. —Methyl iodide (4-5 c.c.) was added to 
the deep red solution of picryl-2-aminopyridine (IV) (10 g.) in absolute alcohol (260 c.c.) contain- 
ing potassium hydroxide (2 g.). Methylation took place readily on warming with precipitation 
of bright red needles, but a further addition of methyl iodide was made after 2 hours to ensure 
completion of this reaction. The crude product (8-3 g.) was washed with alcohol, crystallised 
from nitrobenzene and finally from alcohol; m. p. 243° (Found: C, 45-1; H, 3-0; N, 21-8. 
C,,H,O,N, requires C, 45-1; H, 2-8; N, 21-95%). 

Pyrido(1’ : 2’: 1: 2)benziminazoles. 

4 : 6-Dinitropyrido(1’ : 2’ : 1 : 2)benziminazole (VIII).—A solution of picryl-2-aminopyridine 
(VIa or VIb) (50 g.) in dimethylaniline (100 c.c.) was boiled under reflux for 2—2} hours, 
oxides of nitrogen being evolved. The dinitro-diazaline crystallised almost quantitatively from 
the boiling mixture and after being washed successively with dimethylaniline and alcohol and 
recrystallised from nitrobenzene, formed bright yellow needles (35 g.), m. p. > 300° (Found: C, 
61-4; H, 2-7; N, 21-7. C,,H,O,N, requires C, 51-2; H, 2-3; N, 21-7%). Dimethylaniline in 
nitrobenzene, phenol in nitrobenzene, and phenol alone were equally effective reagents for the 
withdrawal of the elements of nitrous acid from the picryl compound. 

Loss of nitrous fumes and formation of a product identical with the foregoing dinitro-diazaline 
(VIII) occurred when picryl-2-aminopyridine (7 g.) was heated gradually to its m. p. (135°) in an 
air-oven, maintained at that temperature till frothing had ceased and the mass resolidified, then 
gradually raised to 200—220°. The solid (m. p. > 300°) was crystallised from nitrobenzene 
(Found: C, 51-7; H, 2-95; N, 21-4%). 

When benzene was replaced by toluene as solvent in the foregoing condensation between 
picryl chloride and 2-aminopyridine, oxides of nitrogen were evolved and the aminopyridine 
hydrochloride which separated was admixed with appreciable quantities of the dinitro-diazaline 
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(VIII); the latter was purified by aqueous extraction of aminopyridine hydrochloride and 
crystallised from nitrobenzene (Found : C, 51-8; H, 2-8; N, 21-05%). 

4: 6-Diaminopyrido(l’ : 2’: 1: 2)benziminazole (X).—A suspension of the foregoing 
dinitro-diazaline (VIII) (10 g. in absolute alcohol, 2 1.) was preheated to the b. p. and then 
allowed to absorb hydrogen in presence of platinic oxide (0-45g.) in an autoclave (working capacity, 
2} 1.) until the pressure had fallen from 5 to 1 atm. After filtration from suspended catalyst 
the solution was concentrated to small bulk and the newly formed diamine, which separated 
rapidly on cooling, was collected, washed repeatedly with light petroleum (b. p. 40—60°), 
crystallised from xylene, in which it was sparingly soluble, and finally from absolute alcohol, 
forming yellow needles, m. p. 204—205° [Found: C, 66-44; H, 4:8; N, 28-47 (total, 99-71). 
C,,H,)N, requires C, 66-66; H, 5-05; N, 28-28% (total, 99-99)]. 

4:6(or 6: 4)-Nitroaminopyrido(l' : 2’: 1: 2)benziminazole (XI).—A solution of sodium 
sulphide (24 g.) in boiling water (100 c.c.) containing flowers of sulphur (12 g.) was added slowly 
to a hot suspension of finely powdered dinitro-diazaline (VIII) (20 g.) in acetone (100 c.c.), and the 
mixture boiled under reflux for 2 hours. A red solid, collected after removal of acetone, was 
washed with water, dissolved in 4n-sulphuric acid, and reprecipitated with 4n-ammonia. When 
crystallised from nitrobenzene, the resulting base (13 g.) separated in dark red needles, m. p. 
> 280° (Found: C, 58-3; H, 3-7; N, 22-8. C,,H,O,N, requires C, 57-9; H, 3-5; N, 246%). 
This nitroamine was used without further purification for elimination of the amino-group. 

4(or 6)-Nitropyrido(1’ : 2’: 1: 2)benziminazole (XII).—This nitro-diazaline was prepared 
originally by boiling the foregoing finely powdered nitroamino-diazaline (32.g.) with hydro- 
chloric acid (40 c.c., d 1-16) and water (100 c.c.) and, after rapid cooling and addition of ice (100 
g.), diazotising the salt by the rapid introduction of sodium nitrite (12 g.) in water (100 c.c.). 
The excess of sodium nitrite was destroyed with urea and the yellow solution of the diazonium 
chloride was reduced by warming with absolute alcohol (400 c.c.), filtered from suspended brown 
solid, and rendered alkaline with 2n-ammonia. Bright yellow mononitro-diazaline was dissolved 
out from the resulting crude material (25—26 g.) by repeated extraction with toluene (Found : 
C, 62-0; H, 3-4; N, 19-8. C,,H,O,N; requires C, 62-0; H, 3-3; N, 19-7%). Later it was found 
advantageous to employ the method of diazotisation devised by Schoutissen (loc. cit.) and 
accordingly solutions at — 10° of the nitroamino-diazaline (13-8 g.) and sodium nitrite (6 g.), 
each in sulphuric acid (60 c.c., d 1-84), were mixed and added dropwise with stirring to well- 
cooled phosphoric acid (180 c.c., d 1-75), the temperature not being allowed to exceed + 5°. The 
yellow diazonium salt, precipitated by addition of the diazotised solution to a well-cooled 
mixture of alcohol and ether, was reduced by boiling with alcohol—water (50%), and the solution 
left overnight to allow of complete separation of coloured material, and filtered; the yellow 
mononitro-diazaline (11-5 g., m. p. 260—262°), precipitated at 60° by addition of 4n-ammonia, 
was recrystallised from pyridine. 

4(or 6)-Aminopyrido(l’ : 2’: 1: 2)benziminazole (XIII).—A suspension of finely powdered 
mononitro-diazaline (XII) (10 g.) in absolute alcohol (1600 c.c.) was reduced catalytically at 70° 
in presence of platinic oxide (0-45 g.) by hydrogen at 5—3 atms. until absorption of gas had 
ceased. The filtrate from suspended catalyst deposited the amine on concentration. The latter 
(7 g.), washed free from tarry matter with light petroleum (b. p. 40—60°) and crystallised from 
xylene, separated in lustrous yellow needles (5 g.), m. p. 229—230°. It has not yet been 
ascertained whether the colour is due entirely to superficial oxidation of the base, for it was not 
diminished appreciably by repeated washing with petroleum [Found: C, 72:3; H, 5-06; N, 
23-0 (total, 100-36). C,,H,N, requires C, 72-13; H, 4-92; N, 22-95%]. 

Pyrido(\’ : 2’: 1: 2)benziminazole (XIV).—This base, the parent diazaline of the pyridine 
series, was prepared originally by diazotising a paste of the monoamino-diazaline (XIII) (0-9 g.), 
hydrochloric acid (1 c.c., d 1-16), and water (1 c.c.) at — 5° with sodium nitrite (0-4 g.) in water 
(2 c.c.) and destroying the excess of nitrite with urea. The filtered solution of diazonium chloride 
was reduced by boiling with absolute alcohol in presence of aluminium powder, refiltered, made 
alkaline with 2N-sodium hydroxide, and evaporated to drynesss. The crude brown residue gave 
a blue fluorescence with alcohol, benzene, toluene or light petroleum, but colourless long slender 
needles of the diazaline (XIV), m. p. 178—179°, isolated by sublimation, dissolved sparingly in 
water, and in organic solvents to solutions which were practically non-fluorescent. The base was 
readily soluble in dilute mineral acids [Found: C, 78-37; H, 5-0; N, 16-36 (total, 99-73); M, 
201 (Rast method), 160 (Beckmann method). (C,,H,N, requires C, 78-57; H, 4:76; N, 16-66%; 
M, 168}. 

When it was found advantageous to diazotise amino-diazalines in presence of phosphoric 
acid (cf. Schoutissen, Joc. cit.), mixed solutions of monoamino-diazaline (XIII) (1-8 g.) and sodium 
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nitrite (1 g.), each in sulphuric acid (10 c.c., d 1-84), were added at — 10° to phosphoric acid (20 
c.c.), the temperature not being allowed to exceed + 5°. The white diazonium salt isolated by 
addition of the diazotised solution of the monoamine to well-cooled alcohol—ether, was dissolved 
in water and reduced with alcohol. Volatile organic liquids were removed by distillation, the 
residual liquid filtered from coloured material and concentrated to half the original volume, and 
the crude product precipitated with sodium hydroxide solution (50%). It was extracted in 
petroleum (b. p. 100—120°) and crystallised (1-2 g.) from light petroleum (b. p. 40—60°), and the 
crude diazaline (0-8 g.) purified by crystallisation from water, from light petroleum (b. p. 40— 
60°), and finally by sublimation to give colourless needles (m. p. 179°) identical with the base 
prepared by reduction of the diazonium chloride from the monoamine (XIII). 

‘The diazaline prepared by simultaneous removal of two substituent amino-groups from the 
diamine (X) by addition with constant stirring of mixed solutions of diamine (1 g.) in sulphuric 
acid (5 c.c., d 1-84) and sodium nitrite (0-7 g.) in sulphuric acid (7 c.c., d 1-84) to phosphoric acid 
(20 c.c.) initially at — 10°, the temperature not being allowed to exceed 0°, was identical with that 
obtained from the monoamine. For its isolation the diazonium solution, diluted by pouring on 
ice, was reduced by boiling with alcohol. Volatile solvents were distilled off, and the liquid made 
alkaline with aqueous ammonia (d 0-88) and extracted with ether. The residue after removal of 
ether was dissolved in 2n-hydrochloric acid, and the solution decolourised with wood charcoal 
and made alkaline with 2n-ammonia. The crude diazaline (m. p. 170°) purified by sublimation 
formed colourless needles, m. p. 178—179° either alone or admixed with the diazaline from the 
monoamine of the series. 

Pyrido(1’ : 2’ : 1 : 2)benziminazole (XIV) has been compared with a-carboline (XV) (Lawson, 
Perkin, and Robinson, Joc. cit.). The authors are indebted to Professor Robinson for a specimen 
of the latter base. The m. p. (178—179°) of the diazaline was depressed by admixture of «-carbo- 
line (m. p. 210°); that of the picrate prepared from the diazaline was depressed by admixture of 
the picrate from a-carboline. The vapour of the diazaline possessed a characteristic odour of 
aniseed type, that of a-carboline was odourless. Unlike a-carboline, the diazaline did not 
exhibit pronounced blue fluorescence when dissolved in neutral solvents, nor did it on reduction 
develop the characteristic deep blue coloration with p-dimethylaminobenzaldehyde. 

4: 6-Diamino-3' : 4’ : 5’ : 6'-tetrahydropyrido(l' : 2’: 1: 2)benziminazole (XVI).—A_ suspen- 
sion of the dinitro-diazaline (VIII) (30 g.) in absolute alcohol (400 c.c.) was reduced at 50° in 
presence of platinic oxide (0-6 g.) by hydrogen at 10—8 atms. until absorption of gas had ceased. 
The crude diamine (m. p. 193°), which possessed a light green-yellow superficial coloration, 
crystallised from pyridine in well-defined needles, m. p. 201—202°, depressed by admixture of 
the diamino-diazaline (X) (m. p. 205°), and dissolved in 2n-hydrochloric acid on warming to a 
sparingly soluble hydrochloride, separable from the cooled solution, in this respect differing from 
the hydrochloride of the diamine (X). Crude acetyl derivatives of the two diamines depressed 
one another in m. p. [Found : C, 65-03; H, 6-75; N, 28-2 (total, 99-98); M (Rast method), 287. 
C,,H,,N, requires C, 65°34; H, 6-93; N, 27-73%; M, 202]. 

Attempts to reduce the tetrahydrodiamino-diazaline (XVI) catalytically to the hexahydro- 
state by submitting it to pressures of 30, 40, 50, 70 atms. of hydrogen at 70° and finally 120 atms. 
at 100° were unsuccessful. At pressures up to 70 atms. the base became colourless, but under 
more intensive treatment a brown superficial coloration developed [Found : C, 65-85; H, 6-45; 
N, 27-8% (total, 100-10)). 

When submitted to an initial pressure of 120 atms. of hydrogen and raised to 200°, an alcoholic 
suspension of the dinitro-diazaline (VIII) was not reduced catalytically beyond the tetrahydro- 
diamino-state. 

3’: 4’: 5’ : 6'-Tetvahydropyrido(1’ : 2’ : 1: 2)benziminazole (X VII).—The tetrahydrodiamino- 
diazaline (XVI) (3 g.) in sulphuric acid (15 c.c., d 1-84) was diazotised at 0° by the method of 
Schoutissen (Joc. cit.) using sodium nitrite (2-8 g.) in sulphuric acid (28 c.c., d 1-84) and phosphoric 
acid (50 c.c.). The diazonium salt (originally yellow but rapidly turning red) precipitated by 
addition of the diazonium solution to alcohol-ether was reduced in aqueous solution by boiling 
withalcohol. Volatile organic liquids were distilled off, and the crude diazaline precipitated from 
the filtered solution by addition of ammonia, dried in a vacuum over sulphuric acid, and purified 
by extraction with petroleum (b. p. 100—120°) and finally by sublimation, to form white plates, 
m. p. 107°, depressed by admixture of the unreduced diazaline (XIV) [Found : C, 76-38; H, 6-85; 
N, 16-77 (total, 100-00); M (Rast method), 210. C,,H,,N, requires C, 76-74; H, 6-98; N, 
16-27%; M, 172]. 

4 : 6-Bistriazopyrido(l' : 2’: 1: 2)benziminazole-——The diamino-diazaline (X) (0-5 g.) in 
sulphuric acid (2-5 c.c., d 1-84) was diazotised at — 15° with sodium nitrite (0-4 g.) in sulphuric 
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acid (4 c.c., d 1-84) by addition of the mixed solutions to phosphoric acid (10 c.c.). After addi- 
tion of urea the diazonium solution was poured on ice, and an aqueous solution of sodium azide 
(0-35 g.) added; after evolution of nitrogen, addition of 4N-ammonia precipitated the colourless 
bistriazo-compound (decomp. 167°), which darkened rapidly and crystallised from petroleum 
(b. p. 80—100°) in needles, decomp. 167—170° [Found: C, 53-37; H, 3-04; N, 43-96 (total, 
100-37). C,,H,N, requires C, 52-8; H, 2-4; N, 44-8%]. 

4: 6-Bistriazo-3' : 4’ : 5’ : 6'-tetrahydropyridobenziminazole.—The tetrahydrodiamino-diazaline 
(XVI) (1 g.) in sulphuric acid (5 c.c., d 1-84) was converted similarly into the corresponding 
bistriazo-compound by sodium nitrite (0-8 g.) in sulphuric acid (8 c.c., d 1-84), phosphoric acid 
(20 c.c.), and sodium azide (0-7 g.) in aqueous solution. The crude product darkened on 
exposure, but crystallised from petroleum (b. p. 100—120°) in well-defined slender needles, 
m. p. 132°, depressed by admixture of the bistriazo-compound prepared from the diamino- 
diazaline (X) [Found : C, 52-86; H, 4-44; N, 42-7 (total, 100-00). C,,H,)N, requires C, 51-97; 
H, 3-93; N, 44-09%]. 


3’-Methylpyrido(1’ : 2’ : 1 : 2)benziminazoles. 


N-2’ : 4’ : 6’-Trinitrophenyl-2-amino-3-methylpyridine (XIX).—Solutions of 2-amino-3- 
methylpyridine (86 g.) and picryl chloride (100 g.), each in benzene (400 c.c.), were condensed in 
the usual manner, the yellow product N-picryl-2-amino-3-methylpyridine (XIX) (m. p. 142— 
143° and subsequent solidification at 180°) being separated from the final benzene concentrate by 
precipitation and repeated washing with light petroleum (b. p. 40—60°) and crystallised from 
benzene-light petroleum (b. p. 40—60°) (Found : C, 45-3; H, 2-7; N, 21-9. C,,H,O,N, requires 
C, 45-1; H, 2-8; N, 21-9%). 

4 : 6-Dinitro-3'-methylpyrido(1' : 2’: 1: 2)benziminazole (XX).—Picryl-2-amino-3-methyl- 
pyridine (XIX) (50 g.) was converted into the corresponding dinitvo-diazaline (XX) by the 
action of phenol (25 g.) in dry xylene (50c.c.). The reaction was less smooth than in the pyridine 
series. The crude material crystallised from nitrobenzene to give ultimately yellow needles, 
m. p. 256—260° (Found: C, 53-2; H, 3-0; N, 20-6. C,,H,O,N, requires C, 52-9; H, 2:9; N, 
20-6%). 

4: 6-Diamino-3'-methylpyrido(1’ : 2’ : 1: 2)benziminazole (XX).—A suspension of the dinitro- 
diazaline (XX) in absolute alcohol (2 1.) was reduced at 70° in presence of platinic oxide (0-45 g.) 
by hydrogen initially at 5 atms. to the corresponding diamino-diazaline (7-3 g.), a dark green- 
black base more difficult to purify than the diamino-diazalines of the pyridine, quinoline, and 
isoquinoline series. A sample was isolated as a yellow solid by extraction of the crude base (2 g.) 
with xylene and analysed after crystallisation from benzene (the m. p. was indefinite, but 
approximately 130°, the base darkening rapidly on heating) (Found: C, 67-8; H, 5-9; N, 24-7. 
C,,.H,,.N, requires C, 67-9; H, 5-7; N, 26-4%). The remainder was used without further 
purification for diazotisation and elimination of substituent groups. 

4: 6(or 6: 4)-Nitroamino-3'-methylpyrido(1’ : 2’: 1: 2)benziminazole-—The dinitro-diazaline 
(XX) (8 g.) in acetone (250 c.c.) was reduced with sodium sulphide (9 g.) and sulphur (4-5 g.) in 
boiling water (50 c.c.). The nitroamino-diazaline present in the red solid collected after distilla- 
tion of acetone was purified by precipitation with ammonia from a solution in 6N-sulphuric acid 
and used for conversion into nitro-diazaline. For analysis, a portion of the product (5-5 g. in all) 
was crystallised from pyridine and finally from xylene; m. p. 269—270° (Found: C, 59-5; 
H, 4:1; N, 22-4, 22-1. C,,H,,O,N, requires C, 59-5; H, 4-1; N, 23-1%). 

4(or 6)-Nitro-3’-methylpyrido(\' : 2’ : 1: 2)benziminazole.—For diazotisation, solutions of the 
foregoing nitroamino-diazaline (13-8 g.) and sodium nitrite (6 g.), each in sulphuric acid (60 c.c., 
d 1-84), were mixed at — 10°, added slowly to phosphoric acid (180 c.c.) cooled to — 5°, and 
poured into alcohol-ether to precipitate the yellow diazonium salt, an aqueous solution of which 
(300 c.c.) was reduced by boiling with alcohol (250 c.c.)._ The cooled filtrate from the reduction 
was made alkaline with 4n-ammonia, and the pale yellow nitro-diazaline (11-3 g.), m. p. 260— 
262°, crystallised from pyridine and finally—for analysis—from xylene (Found: N, 18-4, 18-9. 
C,,H,O,N, requires N, 18-5%). 

4(or 6)-Amino-3'-methylpyrido(1' : 2’: 1: 2)benziminazole-——The corresponding nitro-diaza- 
line (8 g.), suspended in boiling absolute alcohol (1600 c.c.), was reduced catalytically at 70° with 
hydrogen initially at 5 atms. and in presence of platinic oxide (0-4 g.). The crude yellow 
primary monoamine (5-5 g.), m. p. 185—187°, isolated by concentration of the filtrate from sus- 
pended catalyst, was crystallised from toluene (yielding 3-2 g.) for conversion into the parent 
diazaline (X XI) and again from petroleum (b. p. 100—120°) for analysis [Found: C, 73-33; 
H, 5-62; N, 20-54 (total, 99-49). C,,H,,N, requires C, 73-09; H, 5-58; N, 21-32%). 
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3'-Methylpyrido(l’ : 2’: 1: 2)benziminazole (XXI).—Solutions of the foregoing amino- 
diazaline (1-5 g.) in sulphuric acid (15 c.c., d 1-84) and sodium nitrite (0-8 g.) in sulphuric acid 
(8 c.c., d 1-84) were mixed at — 5° and added very slowly to phosphoric acid (20 c.c.), the tem- 
perature being kept between — 5° and + 5°. The white diazonium salt precipitated by addition 
of the diazonium solution to alcohol—ether rapidly turned yellow; it was dissolved in water to a 
yellow solution (50 c.c.) and reduced by boiling with alcohol (100 c.c.). After distillation of 
volatile organic liquids the cooled filtrate was made alkaline with aqueous ammonia (d 0-88) and 
the red-brown solid dried and extracted with petroleum (b. p. 80—100°), the extract depositing, 
after removal of solvent, almost colourless needles, m. p. 150°; repeated crystallisation from 
light petroleum (b. p. 40—60°) yielded finally colourless needles, m. p. 162°, of the parent 
diazaline (XXI) [Found: C, 79-14; H, 5-33; N, 15-45 (total, 99-92); MM (Rast method), 184. 
C,H, N, requires C, 79:12; H, 5-49; N, 15-38%; M, 182]. This diazaline was identical with 
the parent base [Found : C, 79-14; H, 5-63; N, 15-24%; M (Rast method), 200] isolated from 
the diamino-diazaline (XX) of the same series by diazotising the latter compound (2-1 g.) in 
sulphuric acid (10 c.c., d 1-84) with sodium nitrite (1-7 g.) in sulphuric acid (17 c.c., d 1-84) in 
presence of phosphoric acid (40 c.c.) at — 10° to + 10° and reducing an aqueous solution of the 
resulting bisdiazonium salt with alcohol. The slightly lower m. p. (158—159°) of the diazaline 
prepared directly from the diamino-diazaline (XX) was not depressed by admixture of that from 
the primary monoamine. 


Quinolo(l’ : 2’ : 1: 2)benziminazoles. 


N-2’ : 4’ : 6'-Trinitrophenyl-2-aminoquinoline (XXIII).—2-Aminoquinoline (m. p. 129-5°) 
was prepared from coal-tar quinoline by the direct action of sodamide (cf. Tschitschibabin and 
Zeide; Tschitschibabin and Zacepina; Jocc. cit.) and freed from admixed l-aminoisoquinoline by 
dissolving out the latter impurity in benzene at room temperature and crystallising the un- 
dissolved 2-aminoquinoline repeatedly from hot benzene (Found: C, 74:6; H, 6-0; N, 19-5, 
19-7. Calc. for C,H,N,: C, 75-0; H, 5-5; N, 194%). When the base (100 g.; 2 mols.) in 
boiling benzene solution (400 c.c.) was condensed with picryl chloride (85 g.; -1 mol.) in benzene 
(200 c.c.), picryl-2-aminoquinoline separated, together with 2-aminoquinoline hydrochloride. 
The latter was extracted with hot water and the remaining yellow picryl compound (XXIII) 
(m. p. > 280°) (Found: C, 52-0; H, 2-8; N, 18-5. C,,;H,O,N, requires C, 50-7; H, 2-5; N, 
19-7%) was used without further purification from possible traces of dinitro-diazaline (XXIV) 
for complete conversion into the latter dinitro-diazaline. 

4 : 6-Dinitroquinolo(1’ : 2’: 1: 2)benziminazole (XXIV).—Equal weights of picryl-2-amino- 
quinoline and phenol suspended in dry xylene, when heated together until evolution of oxides of 
nitrogen had ceased, passed into solution, the former to be reprecipitated as the sparingly soluble 
dinitvo-diazaline (XXIV), yellow needles when crystallised from nitrobenzene; m. p. > 300° 
(Found: C, 58-2; H, 2-5; N, 18-1. C,;H,O,N, requires C, 58-4; H, 2-6; N, 18-2%). 

4 : 6-Diaminoquinolo(1’ : 2’: 1: 2)benziminazole (XXIV).—A suspension of the dinitro- 
diazaline (XXIV) (8 g.) in absolute alcohol (1200 c.c.) was reduced catalytically at 70—80° in 
presence of platinic oxide (0-4 g.) by hydrogen initially at 31 atms. to a solution containing the 
corresponding primary diamine, which after filtration from suspended catalyst and concentra- 
tion to small bulk deposited yellow feathery needles, m. p. 273—274°, in 75% yield. A sample 
was crystallised from toluene for analysis (m. p. unchanged thereby) [Found: C, 72-64; H, 
4:89; N, 22-52 (total, 100-05). C,,;H,,N, requires C, 72-58; H, 4:84; N, 22-58%]. The main 
bulk was recrystallised from pyridine—light petroleum (b. p. 40—60°). 

4: 6(or 6: 4)-Nitroaminoquinolo(l’ : 2’ : 1: 2)benziminazole.—The dinitro-diazaline (XXIV) 
(9 g.) in acetone (250 c.c.) was reduced with sodium sulphide (9 g.) and sulphur (4-5 g.) in water 
(50 c.c.). The brick-red nitroamino-diazaline, m. p. > 300°, extracted with pyridine from the 
solid remaining after distillation of acetone was crystallised from pyridine, precipitation being 
completed by addition of water, and used without further purification for conversion into the 
mononitrodiazaline. 

4(or 6)-Nitroqguinolo(l' : 2’: 1: 2)benziminazole——Solutions of the nitroamino-diazaline 
(5-5 g.) in sulphuric acid (25 c.c., d 1-84) and sodium nitrite (1-6 g.) in sulphuric acid (16 c.c., d 
1-84), mixed and added at — 10° to phosphoric acid (100 c.c.), yielded a diazo-solution which, 
when poured gradually (after addition of urea) into alcohol-ether, yielded the yellow diazonium 
salt. This was reduced with alcohol—water (50%). The mononitro-diazaline (3-8 g.), collected 
and crystallised from toluene, absolute alcohol, and finally toluene, formed yellow needles (3-0 g.), 
m. p. 242—243° (Found: C, 67-7; H, 3-6; N, 16-3. C,;H,O,N, requires C, 68-4; H, 3-4; 
N, 16-0%). ° 
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4(or 6)-Aminoquinolo(1' : 2’: 1: 2)benziminazole—The foregoing mononitro-diazaline (6-3 
g.) was reduced catalytically at 70° in absolute alcohol suspension (2 1.) in presence of platinic 
oxide (0-4 g.) with hydrogen initially at 31 atms. The filtered solution was concentrated to 
25 c.c. without separation of the diamine. Addition of ether gave a small yellow-brown solid, 
but the main fraction (4:7 g.) was precipitated by introduction of 2N-sodium hydroxide. 
Crystallisation from toluene formed needles, m. p. 220—223°, darker in colour than the crude 
material. Solution in 2n-hydrochloric acid at room temperature and precipitation with 2n- 
sodium hydroxide restored the pale yellow colour but lowered the m. p. to 130°, a change sugges- 
tive of possible hydrate formation, reversed by crystallisation of the dried material from toluene, 
absolute alcohol, or dry pyridine to yield yellow-green needles, m.p. 223° [Found: C, 76-9; 
H, 5-0; N, 17-8 (total, 99-7). C,;H,,N, requires C, 77-25; H, 4-7; N, 18-0%]. 

Quinolo(1’ : 2’: 1: 2)benziminazole (XXV).—The parent diazaline (XXV) of this series was 
best prepared by diazotising the foregoing monoamine (1-15 g.) in sulphuric acid (6 c.c., d 1-84) 
at — 15° with sodium nitrite (0-5 g.) in sulphuric acid (5 c.c., d 1-84) in presence of phosphoric 
acid (20 c.c.), precipitating the white diazonium salt by addition of the diazo-solution to alcohol— 
ether, and reducing the latter solid with alcohol-water (50%). The colourless diazaline (XXV) 
precipitated from the filtrate after distillation of volatile liquids, and purified by repeated 
crystallisation from light petroleum (b. p. 40—60°) to give a product (0-55 g.) of m. p. 92°, 
followed by crystallisation from 50% alcohol—water (and decolourisation with wood charcoal), 
yielded colourless needles, m. p. 102° [Found: C, 82-5; H, 4:5; N, 12-4; M (Rast method), 
238. C,,H,)N, requires C, 82-6; H, 4:6; N, 128%; M, 218], depressed by admixture with 
quinindoline (XXII) (for which sample, yellow leaflets, m. p. 346°, the authors are indebted to 
Professor Robinson), the benzo-«-carboline with which this diazaline of the quinoline series is 
isomeric. 

The identical diazaline (X XV) was also obtained in small yield directly from the diamino- 
diazaline (X XIV) by elimination of both amino-groups by diazotisation of the latter base (1-24 g.) 
in sulphuric acid (8 c.c., d 1-84) at — 10° to 0° with sodium nitrite (0-8 g.) in sulphuric acid 
(8 c.c., d 1-84) in presence of phosphoric acid (20 c.c.) and decomposition of the diazonium salt 
with 50% alcohol-water. This diazaline becomes faintly yellow on exposure to light and air. 

: isoQuinolo(2’ : 1’ : 1 : 2)benziminazole. 

N-2’ : 4’ : 6'-Trinitrophenyl-1-aminoisoquinoline (XXVI).—Solutions of 1-aminoisoquinoline 
(m. p. 123°), prepared by the direct action of sodamide on isoquinoline (Tschitschibabin and 
Oparina, J. Russ. Phys. Chem. Soc., 1920, 50, 543) (100 g.; 2 mols.), and picryl chloride (85 g. ; 
1 mol.), each in benzene (400 c.c.), were condensed to give aminoisoquinoline hydrochloride and 
a solution from which red rhombic crystals of picryl-l-aminoisoquinoline (KXVI), m. p. 156°, 
separated (Found: C, 51-5; H, 2-8; N, 19-4. C,;H,O,N;, requires C, 50-7; H, 2-5; N, 19-7%). 

4 : 6-Dinitroisoquinolo(2’ : 1’ : 1 : 2)benziminazole (XXVII), prepared by withdrawal of the 
elements of nitrous acid from the foregoing picryl compound (XXVI) suspended in xylene in 
presence of phenol, crystallised from nitrobenzene in golden flattened needles, m. p. > 280° 
(Found: C, 58-95; H, 2-8; N, 18-0. C,;H,O,N, requires C, 58-4; H, 2-6; N, 18-2%). 

4 : 6-Diaminoisoguinolo(2’ : 1': 1: 2)benziminazole (XXVII).—The corresponding dinitro- 
diazaline (X XVII) (30 g.) in absolute alcohol suspension (400 c.c.) was reduced catalytically at 
70° in 80% yield by hydrogen initially at 15 atms. The main portion of the diamine crystallised 
from solution admixed with catalyst, from which it was separated in colourless needles, m. p. 
249—250°, by crystallisation from pyridine. The remainder was isolated by concentration of 
the alcoholic filtrate [Found : C, 72-86; H, 4-6; N, 22-7 (total, 100-16); M (Rast method), 252. 
C,;H,,N, requires C, 72-58; H, 4-84; N, 22-58%; M, 248). 

isoQuinolo(2’ : 1’: 1: 2)benziminazole (XXVIII).—The diaminodiazaline (X XVII) (2-5 g.), 
dissolved in sulphuric acid (10 c.c., d 1-84), was diazotised with sodium nitrite (1-6 g.) in sulphuric 
acid (16 c.c., d 1-84) by gradual addition of the mixed solutions at — 10° to + 5° to phosphoric 
acid (40 c.c.), the diazo-solution added to alcohol-ether, and the precipitated diazonium salt 
dissolved in water and reduced with absolute alcohol (30 c.c.). The filtrate from distillation of 
volatile organic liquids was made alkaline with 2N-ammonia, and the precipitate extracted 
tepeatedly with petroleum (b. p. 80—100°). The residue (0-8 g., m. p. 105°) from petroleum 
solution was crystallised from the same solvent, from alcohol—-water (50%), and finally from light 
petroleum (b. p. 40—60°) to give the diazaline (XXVIII) in colourless needles, m. p. 129°, which 
acquired a faintly pink-buff coloration on exposure to light and air [Found : C, 82-85; H, 4-67; 
N, 12-67 (total, 100-19); M (Rast method), 269. C,,H, N, requires C, 82-57; H, 4:59; N, 
12-84%; M, 218). 
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In order to establish completely the identity of the primary monoamine (m. p. 123°) prepared 
from authentic isoquinoline with that (m. p. 124—125°. Found: C, 74-8; H, 5-6; N, 19-9. 
Calc. for C,H,N,: C, 75-0; H, 5-5; N, 19-4%) from coal-tar quinoline, the elements of nitrous 
acid were withdrawn from the picryl derivative (m. p. 156°. Found: C, 51-25; H, 2-5; N, 19-5. 
Calc. for C};H,O,N,: C, 50-7; H, 2-5; N, 19-7%) prepared from the latter base. The resulting 
dinitro-diazaline (Found: C, 58-6; H, 2-85; N, 18-5. Calc. for C,,H,O,N,: C, 58-4; H, 2-6; 
N, 18-2%) was reduced catalytically to diamino-diazaline [m. p. 246°. Found: C, 72-47; H, 4-65; 
N, 22-66 (total, 99-78). Calc. for C,;H,,.N,: C, 72-58; H, 4-84; N, 22-58%], from which the two 
substituent groups were removed, giving the colourless parent diazaline [m. p. 129°. Found: C, 
82-9; H, 4:6; N, 12-8; M (Rast method), 225. Calc. for Cj;H,gN,: C, 82-6; H, 4-6; N, 
128%; M, 218]. Not only was the m. p. (124—125°) of the primary monoamine from coal-tar 
quinoline not depressed by admixture of l-aminoisoquinoline (m. p. 123°) from authentic iso- 
quinoline, but that (246°) of the diamino-diazaline prepared from the former base caused no 
depression below 246° of the m. p. (249—250°)of 4: 6-diaminoisoquinolo(2’: 1’ :1:2)benziminazole ; 
and the respective unsubstituted diazalines derived from these diamino-diazalines melted at 
129° either alone or mixed the one with the other. 


Phenanthrido(10’ : 9’ : 1 : 2)benziminazoles. 

N-2’ : 4’ : 6’-Trinitrophenyl-9-aminophenanthridine (XXIX).—9-Aminophenanthridine (30 g. ; 
2 mols.) (Morgan and Walls, Joc. cit.), dissolved in boiling xylene (340 c.c.), was condensed 
with picryl chloride (18-7 g.; 1 mol.) in xylene (34 c.c.), the sparing solubility of the base in 
benzene necessitating the use of the higher-boiling solvent. The increased temperature of 
reaction resulted in spontaneous evolution of oxides of nitrogen. The major portion of the 
product separated from solution together with 9-aminophenanthridine hydrochloride (combined 
weight, 30 g.), from which it was purified by aqueous extraction of the latter hydrochloride. 
The remainder crystallised from the xylene filtrate from the foregoing mixed product when this 
solution was concentrated to crystallising point, more oxides of nitrogen being evolved, however, 
during the process. This crude picryl-9-aminophenanthridine was thus admixed with the 
corresponding dinitro-diazaline (XXX). It was used without further purification for complete 
conversion into the dinitro-diazaline (XXX). 

It was possible, however, to prepare the sparingly soluble, very infusible, deep yellow picryl- 
9-aminophenanthridine (XXIX) in small quantities, free from dinitro-diazaline (XXX). 9- 
Aminophenanthridine (4-4 g.) in xylene (50 c.c.) was condensed with picryl chloride (2-75 g.) in 
xylene (5 c.c.). The major portion of the product (5 g.) separated from solution during the 
condensation and consisted of picryl-9-aminophenanthridine together with 9-aminophenanthri- 
dine hydrochloride (Found after aqueous extraction of 9-aminophenanthridine hydrochloride : 
N, 16-8, 16-5. C,.H,,O,N, requires N, 17-3%). The remainder of the picryl derivative (1 g.) 
crystallised from the xylene filtrate at room temperature (Found: N, 17-1%). Crystallisation 
from nitrobenzene was detrimental, being accompanied by ring closure of the compound with 
loss of nitrous acid (Found after crystallisation: N, 16-6. C,.H,,O,N,; requires N, 17-3. 
C13H,9O,N, requires N, 15-6%). 

4 : 6-Dinitrophenanthrido(10’ : 9’ : 1: 2)benziminazole (XX X).—Picryl-9-aminophenanthridine 
(10 g.) containing some dinitro-diazaline (XXX) was boiled with dimethylaniline (25 c.c.) until 
oxides of nitrogen ceased to escape. The reaction proceeded sooothly. The dinitro-diazaline 
(XXX) (7 g.), which separated on cooling, crystallised from nitrobenzene in deep yellow needles, 
m. p. > 280° (Found: C, 63-9; H, 2-7; N, 15-9, 15-6. C, 9H,O,N, requires C, 63-7; H, 2-8; 
N, 15-6%). Dimethylaniline was distilled from the reaction mixture, and the concentrate left to 
deposit a second fraction of the dinitro-diazaline. 

4 : 6-Diaminophenanthrido(10’ : 9’ : 1 : 2)benziminazole (XK XX).—The foregoing dinitro-diaza- 
line (XXX) was reduced catalytically to the corresponding diamino-diazaline (XXX) by subject- 
ing a suspension of the dinitro-compound (8 g.) in boiling absolute alcohol (1600 c.c.) containing 
platinic oxide (0-8 g.) to the action of hydrogen initially at 31 atms. at 80—90°. The highly 
infusible diamine (XXX) (6-1 g.) crystallised from solution together with admixed catalyst, from 
which it was separated by solution in pyridine and precipitation with light petroleum (b. p. 
40—60°). It was purified from possible traces of unreduced dinitro-diazaline by solution in 
2n-hydrochloric acid and reprecipitation with 2N-ammonia, washed with hot water, in which it 
was not appreciably soluble, dried in a vacuum over sulphuric acid, and crystallised from pyri- 
dine; the resulting yellow needles were washed with water to remove all traces of solvent 
[Found : C, 76-7; H, 4:52; N, 18-5 (total, 99-72). C,,H,,N, requires C, 76-51; H, 4:7; N, 
18-78%]. 
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Phenanthrido(10' : 9’ : 1: 2)benziminazole (XXXI).—The diamino-diazaline (XXX) was 
diazotised by adding mixed solutions of the primary diamine (2 g.) in sulphuric acid (10 c.c., d 
1-84) and sodium nitrite (1-3 g.) in sulphuric acid (13 c.c., d 1-84), cooled to — 10°, very slowly to 
phosphoric acid (30 c.c.) at — 5° to + 5°. The dark yellow diazonium salt was precipitated by 
means of alcohol—ether and reduced in aqueous suspension with alcohol (175 c.c.), and the volatile 
alcohol and aldehyde distilled off. The cooled filtrate from coloured material was decolourised 
with wood charcoal at room temperature and made alkaline with 4n-ammonia, and the precipi- 
tated crude white diazaline (KXXI) (0-5 g.) extracted with light petroleum (b. p. 40—60°) to 
give, after removal of solvent, a colourless residue (0-35 g.), m. p. 148—150°, which was crystal- 
lised from petroleum and finally from alcohol-water. The parent diazaline of the phenanthri- 
dine series was prepared originally by using as starting material diamino-diazaline (XXX) 
derived from dinitro-diazaline (XXX) resulting from ring closure of that portion of the picryl 
compound which had separated from solution during condensation of 9-aminophenanthridine 
with picryl chloride and was then admixed with 9-aminophenanthridine hydrochloride, separable 
by aqueous extraction. The base (XXXI) crystallised in colourless needless, m. p. 153—154° 
[Found : C, 84-65; H, 4-77; N, 10-3 (total, 99-72); MM (Rast method), 306. C, .H,,N, requires 
C, 85-07; H, 4:48; N, 10-44%; M, 268]. Prepared in precisely similar manner from the 
diamino-diazaline (XXX) of the series derived from the dinitro-diazaline (KXX) obtained in 
turn by ring closure of that portion of picryl-9-aminophenanthridine which crystallised from 
xylene solution after filtration of the reaction mixture resulting from condensation of 9-amino- 
phenanthridine and picryl chloride, it melted at 155° [Found : C, 85-04; H, 4-54; N, 10-48% 
(total, 100-06); MM (Rast method), 286], and there was no depression of m. p. below 154—155° 
on mixing the two samples of the parent substance of the series. 


The work described above was carried out as part of the programme of the Chemistry 
Research Board and is published by permission of the Department of Scientific and Industrial 
Research. 


CHEMICAL RESEARCH LABORATORY, DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
TEDDINGTON, MIDDLESEX. [Received, June 8th, 1938.] 





244. Studies in Tar Hydrocarbons. Part II. Derivatives of 
2 : 3-Dimethylnaphthalene. 
By Epwarp A. COULSON. 


When 2 : 3-dimethylnaphthalene is hydrogenated at 350° with an active charcoal- 
ammonium molybdate-sulphur catalyst the chief product is 1: 2:3: 4-tetrahydro- 
6 : 7-dimethylnaphthalene, but the cis- and the tvans-form of 1: 2: 3: 4-tetrahydro- 
2: 3-dimethylnaphthalene are formed to a lesser degree, as well as decahydro- 
derivatives of 2 : 3-dimethylnaphthalene. 

Sulphonation of 2: 3-dimethylnaphthalene at low temperatures takes place with 
formation of 2: 3-dimethylnaphthalene-5-sulphonic acid. The sodium salt furnishes 
on caustic fusion 6: 7-dimethyl-l-naphthol of which the structure was proved by 
synthesis. 


It was recently shown (J., 1935, 77) that good yields of 1 : 2:3: 4-tetrahydro-2 : 6- and 
-2: 7-dimethylnaphthalenes, required for the production of certain homologues of 
naphthacene, could be obtained by the hydrogenation of 2:6- and 2: 7-dimethyl- 
naphthalene. In continuation of these studies of naphthalene homologues, the hydro- 
genation with an ammonium molybdate-sulphur-active carbon catalyst of 2 : 3-dimethyl- 
naphthalene was carried out under similar conditions, but the product was much less 
simple and merited fuller examination. The main constituent (50%) is 1: 2:3: 4-tetra- 
hydro-6 ; 7-dimethylnaphthalene (b. p. 248—256°), which has already been obtained 
synthetically (Barnett and Saunders, J., 1933, 434), but besides 6% of unchanged 2 : 3- 
dimethylnaphthalene there was about 44% of material, b. p. 210—246°, and this contained 
decahydro-derivatives and also the isomeric cis- and tvans-forms of 1 : 2: 3 : 4-tetrahydro- 
2 : 3-dimethylnaphthalene. 
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The separation of the two forms of this dimethyltetralin was effected by fractional 
distillation, three large fractions being obtained : (a) b. p. 222—224°, (b) b. p. 232—234°, 
and (c) b. p. > 250°. Fraction (a) consisted chiefly of dimethyldecalin. The dimethyl- 
tetralin present in this fraction, after removal as sulphonic acid, was recovered by 
desulphonation and shown by analysis and oxidation to consist of a cts- or trans-isomeride 
(A) of 1:2:3:4-tetrahydro-2 : 3-dimethylnaphthalene, b. p. 222—224°. Fraction (b) 
contained only a small proportion of decahydro-derivatives and consisted chiefly of the 
other cis- or trans-isomeride (B) of 1:2:3:4-tetrahydro-2 : 3-dimethylnaphthalene, 
b. p. 229—231°. The sodium dimethyltetralinsulphonates derived from both fractions (a) 
and (b) each gave the same two isomeric sulphonamides but in a different proportion ; 
the main constituent of the mixture from (a) melted at 210—211° (A), and that from (db) 
at 143° (B). 

It is unreasonable to suppose that in the sulphonation of cis- and trans-1 : 2:3: 4- 
tetrahydro-2 : 3-dimethylnaphthalene any more than insignificant amounts of the 5- 
derivatives are formed, since only the 6: 7-dimethyl-2-naphthol could be isolated after 
caustic fusion and dehydrogenation of the sulphonation products (cf. tetralin; Schroeter, 
Annalen, 1921, 426, 112). The two sulphonamides are not therefore merely position 
isomers, and the well-marked difference in m. p., coupled with the slight but quite definite 
differences in the b. p.’s of the hydrocarbons and of the corresponding tetralols, is sufficient 
to prove that the A and B forms are cis—trans-isomerides in each case. From the fact that 
both sulphonamides are obtained from each sodium sulphonate, although in very different 
proportions, it might appear that the two forms of the dimethyltetralin have not been 
completely separated, but it is suggested that to some extent interconversion occurs under 
the action of phosphorus pentachloride during the preparation of the sulphonamides. At 
present it is impossible to assign definitely to either form the cts- or the trans-structure. 

Synthesis of 6 : 7-Dimethyl-\-naphthol.—It was not possible to get either 1:2:3:4- 
tetrahydro-6 : 7-dimethyl-5-naphthol or 2: 3-dimethyl-l-naphthol, by caustic fusion of 
sodium 1: 2:3: 4-tetrahydro-6 : 7-dimethylnaphthalene-5-sulphonate. After fusion in 
an open pot there were isolated small amounts of 6 : 7-dimethyl-2-naphthol, m. p. 160° 
(identical with a specimen made by Kruber’s method, Ber., 1929, 62, 3044), and 6: 7- 
dimethyl-1-naphthol, m. p..140°. It is clear that these are products of secondary reactions. 

At first it was not suspected that the 6 : 7-dimethyl-l-naphthol was other than the 
unknown 2 : 3-dimethyl-l-naphthol, and in order to complete the series of the three di- 
methylnaphthols derived from 2 : 3-dimethylnaphthalene the synthesis of 6 : 7-dimethyl- 
l-naphthol was effected from 1-keto-l : 2:3: 4-tetrahydro-6 : 7-dimethylnaphthalene, 
prepared by ring closure from y-3 : 4-dimethylphenyl-n-butyric acid (Barnett and Saunders, 
J., 1933, 436; Krollpfeiffer and Schafer, Ber., 1923, 56, 620). The 2 : 4-dinitrophenyl- 
hydrazone of the ketone is a stable substance formed slowly when an alcoholic solution of 
the components is boiled, rapidly in boiling acetic acid. Prepared from the cyclisation 
product, m. p. 49°, it is obtained in quantitative yield as a homogeneous individual sub- 
stance; but if the ketone is boiled with phenylhydrazine in alcohol, the somewhat unstable 
phenylhydrazone first formed passes rapidly with loss of ammonia into 1 : 2-(4’ : 5’-di- 
methylbenz)-3 : 4-dihydrocarbazole. By controlled bromination of the ketone there was 
obtained 2-bromo-1-keto-1 : 2:3: 4-tetrahydro-6 : 7-dimethylnaphthalene, which lost 
hydrogen bromide and underwent rearrangement into the required 6: 7-dimethyl-l- 
naphthol, m. p. 140°, when a solution in diethylaniline was boiled. Comparison of this 
synthetical specimen with that obtained by caustic fusion of sodium 1 : 2: 3 : 4-tetra- 
hydro-6 : 7-dimethylnaphthalene-5-sulphonate proved the identity of the two. 

Sulphonation of 2:3-Dimethylnaphthalene—When 2: 3-dimethylnaphthalene is 
sulphonated at a high temperature, viz., 160°, the sulphonic group is introduced in the 
6-position (Kruber, Joc. cit.). It is now found that the hydrocarbon is quite readily 
sulphonated at lower temperatures when dissolved in an inert solvent, e.g., decalin or carbon 
tetrachloride. Either chlorosulphonic acid at 0—10° or concentrated sulphuric acid at 
40—50° introduced a sulphonic group in the 5-position, and good yields of the pure homo- 
geneous barium 2 : 3-dimethylnaphthalene-5-sulphonate were obtained by crystallisation of 
the crude barium salt of the sulphonation product from water. 6 : 7-Dimethyl-l-naphthol 
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is obtainable in good yield more conveniently by caustic fusion of sodium 2 : 3-dimethyl- 
naphthalene-5-sulphonate than by the-synthetic method. 


EXPERIMENTAL (with Eric C. Hott). 


Hydrogenation of 2 : 3-Dimethylnaphthalene.—500 G. of the hydrocarbon, when hydrogenated 
at 350—360° (J., 1935, 81), afforded 462 g. of liquid product. On fractionation in a 2’ Dufton 
column, this boiled between 210° and 265°, but a large fraction, consisting essentially of 
1: 2:3: 4-tetrahydro-6 : 7-dimethylnaphthalene (222-5 g.), boiled between 248° and 256°. 
Of the remainder, 25 g., b. p. 256—265°, crystallised as 2 : 3-dimethylnaphthalene; the rest, 
200 g., b. p. 210—246°, was refractionated 6 times, and 3 relatively large sub-fractions were 
collected : (a) b. p. 222—224°, 19-6 g. (59-9 g. boiled between 218° and 226°); (6) b. p. 232— 
234°, 37-0 g. (63-0 g. boiled between 230° and 236°); (c) b. p. > 250°, 20-0 g. 

If lower temperatures than 350—360° were used, other conditions being unchanged, relatively 
more dimethylnaphthalene escaped hydrogenation. When the reaction temperature was 390° 
and the time 2—3 hours, a relatively larger amount of the lower-boiling fraction (64 g., b. p. 
214—220°, from 250 g. of dimethylnaphthalene) was obtained and less of the 1: 2: 3: 4-tetra- 
hydro-6 : 7-dimethylnaphthalene fraction (45 g., b. p. 248—256°), while 51 g. of the hydro- 
carbon escaped unhydrogenated. 

1:2:3: 4-Tetrahydro-6 : 7-dimethylnaphthalene——When the crude dimethyltetralin, b. p. 
248—256°, was shaken with 1} times its weight of concentrated sulphuric acid with gentle 
heating below 60°, it was almost completely sulphonated in } hour. The deep red solution of 
sulphonic acid in excess of sulphuric acid was diluted, treated with barium carbonate, and the 
sparingly soluble barium 1:2: 3: 4-tetrahydro-6 : 7-dimethylnaphthalene-5-sulphonate purified 
by crystallisation from boiling water, from which it separates in minute colourless or pearly 
flakes [Found, after drying for 1 hour at 110°: S, 8-9. (C,,H,;SO;),Ba,6H,O requires S, 9- 0%); 
yield 50% of theoretical. The sodium salt, obtained by treating this with sodium sulphate, is 
moderately soluble in water and crystallises in pearly flakes (Found, after drying for 1 hour at 
110°: S, 8-3. C,,H,,SO,Na,7H,O requires S, 8-3%). 

The homogeneity and purity of the sodium salt and therefore of the barium salt was shown 
by conversion of the former into 1 : 2: 3 : 4-tetrahydro-6 : 7-dimethylnaphthalene-5-sulphonamide 
in almost quantitative yield by fusion with an equal weight of phosphorus pentachloride and 
boiling the crude viscid sulphony] chloride with concentrated ammonia solution. The sulphon- 
amide crystallised from aqueous alcohol in minute colourless needles or plates, m. p. 135° (Found : 
C, 59-8, 60-23; H, 7-1, 7-3; N, 6-0. C,,H,,O,NS requires C, 60-25; H, 7:1; N, 5-9%). 

A pure specimen of 1: 2:3: 4-tetrahydro-6 : 7-dimethylnaphthalene,. obtained by passing 
steam through a solution of the pure sodium salt in 50% sulphuric acid and extracting the 
aqueous distillate with petrol (b. p. 40—60°), and purified by distillation through an 8’’ Dufton 
column and over sodium, was a clear limpid oil (yield 81% of theor.), b. p. 244—246°. When 
cooled it set to a mass of colourless needles or prisms, m. p. 10° (Found: C, 90-3; H, 10-0. 
Ci,H,, requires C, 90:0; H, 100%). A ‘boiling aqueous suspension of 1-5 g. of purified 
1: 2:3: 4-tetrahydro-6 : 7-dimethylnaphthalene was treated with small portions of potassium 
permanganate until the latter was no longer decolorised after short boiling; sufficient alcohol 
was added to destroy the excess permanganate, and the filtered solution made acid, cooled, and 
thoroughly extracted with ether. Pyromellitic acid was recovered from the ethereal extract 
and purified by crystallisation from acetone—benzene; yield 0-5 g., m. p. 264° (decomp.). 

Caustic Fusion of Sodium 1:2:3: 4-Tetrahydro-6 : 1-dimethylnaphthalene-5-sulphonate.— 
The dry salt (20 g.) was added to a hot solution of 80 g. of potassium hydroxide in a few c.c. of 
water, and the temperature raised rapidly to 290°, below which no reaction occurs. After 
being kept at 300—330° for 10 minutes, the melt was cooled, diluted, made acid, and extracted 
with ether. The extract, after washing with sodium bicarbonate solution and water, was 
evaporated, affording a thick red phenolic oil. This was distilled in a vacuum, and the fraction 
of b. p. 140—148°/3 mm. (ca. 1-0 g.) set on cooling; when crystallised from benzene-—petrol 
(b. p. 40—60°), it yielded 0-2 g. of pure 6 : 7-dimethyl-1-naphthol, identical in appearance and 
m. p. with an authentic sample (see below). The mother-liquor contained a second phenolic 
substance which crystallised in tufts of fine needles, m. p. 160°, and was shown by analysis and 
comparison with an authentic specimen to be 6 : 7-dimethyl-2-naphthol. 

It was thought that carrying out the caustic fusion in a hydrogen atmosphere might prevent 
dehydrogenation. Accordingly, 88 g. of potassium hydroxide were dissolved in 200 c.c. of 
previously boiled water, 72 g. of the dry sodium sulphonate added, and the whole sealed in a 
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1-litre autoclave and the air displaced with hydrogen at 20 atm. After 3 hours’ heating at 350°, 
the products consisted chiefly of a neutral oil and elementary sulphur. When the fusion was 
repeated in nitrogen for 1 hour at 350°, the products consisted of 2 : 3-dimethylnaphthalene 
and 6: 7-dimethyl-2-naphthol. By using a lower temperature and a shorter time (320° for 
} hour), even more 2 : 3-dimethylnaphthalene was formed. 

1:2:3: 4-Tetvahydro-6 : 7-dimethyl-5-aminonaphthalene.—1 : 2 : 3: 4-Tetrahydro-6 : 7-di- 
methylnaphthalene (32 g., b. p. 244—246°) was cooled below 5°, and a nitration mixture 
(made by cooling 80 g. of acetic anhydride and gradually adding 20 g. of nitric acid, d 1-52) 
was added with stirring, the temperature being kept below 5°. The mixture was poured on 
crushed ice but the crude nitro-compound, which separated as a thick, golden-yellow, heavy 
oil (40 g.), could not be purified either by crystallisation (it did not set even when cooled to 
— 80°) or by distillation (appreciable decomposition took place during distillation at 1—2 mm., 
b. p. 128—132°, and became rapid at higher pressures and temperatures). It was suspended in 
400 g. of concentrated hydrochloric acid, and zinc dust (80 g.) added in small portions. The 
solution containing zinc chloride and the hydrochloride of the base was separated, made 
alkaline, and the precipitated zinc hydroxide filtered off and washed with ether to remove any 
base absorbed therein; the bulk of the base was obtained by ethereal extraction of the filtrate, 
Purified by fractional distillation in a vacuum, 5-amino-1: 2:3: 4-tetrahydro-6 : 7-dimethyl- 
naphthalene (7-0 g.) formed a slightly viscid oil, colourless at first but rapidly darkening on 
exposure to air, of piperidine-like odour and b. p. 126—128°/2 mm. or 154—156°/15 mm. 
(Found: C, 81-9; H, 9-8. C,,H,,N requires C, 82-3; H, 9-7%). The sulphate and hydro- 
chloride are slightly soluble in water. The acetyl derivative crystallised from aqueous alcohol in 
colourless needles or elongated plates, m. p. 125° (Found: C, 77-4; H, 8-7; N, 6-4. C,,H,,ON 
requires C, 77-4; H, 8-8; N, 65%). ; 

A solution of the base (4-0 g.) in dilute sulphuric acid (4-5 g. in 200 g. of water) was cooled 
to 0°, and sodium nitrite (2-0 g.) added; the solution was stirred and allowed to warm to room 
temperature very slowly, a colourless precipitate being formed, and finally brought to the boil, 
whereupon the precipitate passed into a thick dark red oil. Of the oil, only a small proportion 
was phenolic; the rest was neutral but more than half of the base remained undiazotised in the 
aqueous solution and was recovered. As a method of preparing 1: 2: 3: 4-tetrahydro-6 : 7- 
dimethy]-5-naphthol this was worthless. 

Derivatives of cis- and trans-1 : 2: 3: 4-Tetrahydro-2 : 3-dimethylnaphthalene.—The fraction 
(b), b. p. 232—-234°, of the hydrogenation product (p. 1307) consisted chiefly of one of the two 
forms of 1: 2:3: 4-tetrahydro-2 : 3-dimethylnaphthalene, designated as the B form. Most 
of it boiled steadily at 233° but it contained at least 17-6% of decahydro-derivatives (Found : 
C, 89-4; H, 10-6%). When oxidised with potassium permanganate in boiling aqueous 
suspension, it gave only phthalic acid. It was sulphonated rapidly when shaken with 14 times 
its weight of concentrated sulphuric acid, sufficient heat being evolved to raise the temperature 
to 40—50°. Barium 1: 2:3: 4-tetrahydro-2 : 3-dimethylnaphthalene-6-sulphonate (yield about 
70%) is quite soluble in water and separates from a warm solution in colourless plastic needles 
which coalesce to a semi-solid mass, and on standing and cooling crystallise in pearly flakes. 
These still contain about 25% of water of crystallisation and melt on the steam-bath. After 
being heated for several hours at 110° in a vacuum)-the barium salt formed a white micro- 
crystalline powder [Found: S, 10-3. (C,,H,,;SO;),Ba requires S, 10-4%]. The sodium salt is 
even more soluble in water than the barium salt, and is very difficult to dehydrate (Found, 
after several hours’ heating in a vacuum at 110°: S, 10-5. C,,H,,SO,Na requires S, 12-2%. 
C,,H,,;SO,Na,2H,O requires S, 10-7%). 

A pure specimen of the B form of 1: 2:3: 4-tetrahydro-2 : 3-dimethylnaphthalene was 
obtained by dissolving the steam-dried sodium sulphonate in 50% sulphuric acid, heating the 
solution to 140—160°, and then passing in steam. The dimethylitetralin was extracted from 
the aqueous distillate with petrol (b. p. 40—60°) and purified by fractional distillation It was 
a clear colourless liquid, b. p. 229—231°, which set on cooling to a mass of fan-like tufts of 
needles, m. p. 4—8° (Found: C, 89-9; H, 10:2. C,,H;, requires C, 90-0; H, 10-0%). 

When 20 g. of the sodium sulphonate (dried on the steam-bath) had been heated for 10 
minutes at 325—330° with 60 g. of potassium hydroxide, the product yielded, besides a very 
small and higher-boiling fraction which set on cooling and was recognised as the dehydrogenated 
6 : 7-dimethyl-2-naphthol, 4 g. of a phenolic substance. This was purified by fractional 
distillation and obtained as a colourless or pale yellow oil, b. p. 130—132°/2 mm. It did not 
crystallise on cooling to — 80°, but when heated for 2 days at 310° with excess of selenium it was 
quantitatively dehydrogenated to 6: 7-dimethyl-2-naphthol. There was no indication of 
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6 : 7-dimethyl-1l-naphthol in the dehydrogenation product, although this crystallises in very 
characteristic and recognisable large needles even when mixed with the 2-isomeride. The 
dimethyltetralol is therefore homogeneous and is either the cis- or the trans-form (corresponding 
to the B dimethyltetralin above) of 1: 2:3: 4-tetrahydro-2 : 3-dimethyl-6-naphthol (Found : 
C, 81-6; H, 91. C,,H,,O requires C, 81-8; H, 9-1%). 

By fusion of 2 g. of sodium 1: 2: 3: 4-tetrahydro-2 : 3-dimethylnaphthalene-6-sulphonate 
with 3 g. of phosphorus pentachloride there was obtained a sulphony] chloride which was treated 
at once with concentrated ammonia solution (d 0-880). The crude sulphonamide (quantitative 
yield) contained two isomeric individuals. The predominant constituent was the more soluble 
and lower-melting; it separated from alcohol or aqueous alcohol in clusters of well-formed 
colourless needles, m. p. 143° (Found: C, 60-4; H, 7-1; N, 5-7. C,,H,,O,NS requires C, 
60-25; H, 7-1; N, 59%). The other formed small colourless plates or needles, m. p. 210— 
211°, from alcohol (Found: C, 60-0; H, 7:2; N, 5-9%). These are considered to be the cis- 
and the tvans-form of 1: 2: 3: 4-tetvahydro-2 : 3-dimethylnaphthalene-6-sulphonamide, the lower- 
melting being assigned the B configuration. 

The fractions of hydrogenation product, b. p. 218—226°, contained 75% of material which 
was not dissolved by concentrated sulphuric acid. This unattacked hydrocarbon boiled over 
a narrow range (68% at 218—220°) but is probably not an individual dimethyldecalin (6 
stereoisomerides are possible) (Found: C, 86-5, 86-7; H, 13-5, 13-5. Calc. for C,,H,,: C, 
86-8; H, 13-2%). The sulphonated material, although clearly a cis- or trans-form of 1: 2: 3: 4- 
tetrahydro-2 : 3-dimethylnaphthalene, is sufficiently distinguishable from the B form to warrant 
the assignment to it of the alternative configuration (A). Barium 1:2: 3: 4-tetrahydro-2 : 3- 
dimethylnaphthalene-6-sulphonate (A) is similar to the B form in its solubility in and affinity for 
water and in its crystalline shape [Found, in material heated for several hours at 110° in a 
vacuum: S, 8-8. (C,,H,,;SO,;),Ba requires S, 10-4%. (C,,H,,;SO;),Ba,6H,O requires S, 
8-9%]. The sodium sulphonate resembles that derived from the B dimethyltetralin in its 
solubility and affinity for water. 

Pure cis- or trans-1 : 2: 3 : 4-tetrahydro-2 : 3-dimethylnaphthalene (A) (3-5 g.) was obtained 
by desulphonating the corresponding sodium sulphonate (10 g., dried on the steam-bath) under 
the same conditions as the B derivative. It is a colourless oil which boils at a slightly lower 
temperature, 222—-224°, than the B dimethyltetralin, crystallises in fine needles or plates when 
strongly cooled, and melts between — 8° and — 5° (Found: C, 89-8; H, 10-3. C,,H,, requires 
C, 90-0; H, 10-0%). A mixture of the two forms melted over the range — 8° to 3°. Upon 
oxidation with potassium permanganate in boiling aqueous suspension, the A dimethyltetralin 
furnished only phthalic acid. 

Caustic fusion of sodium cis- or trans-1: 2:3: 4-tetrahydro-2 : 3-dimethylnaphthalene-6- 
sulphonate (A) was effected without marked dehydrogenation under conditions identical with 
those applied to the B isomeride. 1: 2:3: 4-Tetyahydro-2 : 3-dimethyl-6-naphthol (A) (3-0 g. 
from 10 g. of the sodium sulphonate) is a pale yellow liquid, b. p. 122—124°/2 mm., with a 
phenolic smell; it does not set on strong cooling (Found: C, 81-6; H, 9-2. C,,H,,O requires 
C, 81:8; H, 91%). It was quantitatively dehydrogenated by 8 hours’ heating with selenium 
at 310°, and the product contained only 6 : 7-dimethyl-2-naphthol. 

The crude sulphonamide prepared from 2 g. of the sodium dimethyltetralinsulphonate (A) 
by fusion with phosphorus pentachloride (3 g.) and treatment of the melt with concentrated 
ammonia solution yielded on fractional crystallisation the same two individual sulphonamides 
as the B form but the relative proportions were reversed; the more plentiful (A) had m. p. 
210—211°. 

Synthesis of 2: 3-Dimethyl-5-naphthol.—6 : 7-Dimethyl-1-keto-1 : 2 : 3: 4-tetrahydro- 
naphthalene was purified by distillation in a vacuum, b. p. 138—140°/2 mm., 120—124°/1 mm., 
m. p. 49—51°. The phenylhydrazone, formed by boiling the ketone for 10 minutes in alcohol 
with phenylhydrazine, separated in cream needles, m. p. 120° (decomp.) (Found: C, 81-7; 
H, 7-9; N, 10-3. C,gH oN, requires C, 81-8; H, 7-6; N, 10-6%). If a solution in acetic acid 
is boiled for } hour, or if the ketone and phenylhydrazine are similarly heated in acetic acid, 
there results, by loss of ammonia and ring closure, 1 : 2-(4' : 5’-dimethylbenz)-3 : 4-dihydro- 
carbazole, which crystallises from alcohol in colourless flakes, m. p. 208° (Found: C, 88-0; H, 
7-2; N, 5-8. C,gH,,N requires C, 87-5; H, 6-9; N, 5-7%). The 2: 4-dinitrophenylhydrazone 
is formed in boiling acetic acid solution and crystallises from this solvent in sparingly soluble 
scarlet flakes, m. p. 286° (decomp.) (Found: C, 60-98; H, 5-01; N, 15-6. C,,H,,0,N, requires 
C, 61-02; H, 5-08; N, 15-82%). 

When bromine (18-0 g.; 1 mol.) dissolved in carbon disulphide was added at room 
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temperature to a solution containing the ketone (20 g.), a yellow solid was first precipitated, but 
this gradually redissolved to a clear solution containing 2-bromo-1-keto-6 : 7-dimethyl-1 : 2:3: 4- 
tetvahydronaphthalene. This (29 g.) remained after evaporation of carbon disulphide, and was 
purified by crystallisation from benzene—petrol (b. p. 40—60°), being obtained in fine colourless 
needles, m. p. 102-5° (Found: C, 56-8; H, 5-3; Br, 31-6. C,,H,,OBr requires C, 56-96; H, 
5-14; Br, 31-6%). If more than 1 mol. of bromine was used, the product contained 2: 2- 
dibromo-1-keto-6 : 7-dimethyl-1 : 2: 3: 4-tetrahydronaphthalene, readily obtained in good yield 
by treating the monobromo-derivative with excess of bromine. Purified by crystallisation 
from benzene—petrol (b. p. 40—60°), it forms long colourless needles, m. p. 135° (Found: C, 
43-4; H, 3-8; Br, 48-3. C,,H,,OBr, requires C, 43-4; H, 3-6; Br, 48-2%). 

When the monobromo-compound (20 g.) was boiled for 1 hour with 100 g. of freshly distilled 
anhydrous diethylaniline, the product, after removal of basic substances, furnished 3 g. of 
6: 7-dimethyl-l-naphthol. This, when purified by distillation and by crystallisation from 
benzene—petrol (b. p. 40—60°), had m. p. 140°. 

Sulphonation of 2: 3-Dimethylnaphthalene.—(i) At 0—10°. To 19 g. of 2: 3-dimethyl- 
naphthalene, dissolved in 150 c.c. of carbon tetrachloride and cooled to 0°, were slowly added 
14-5 g. of chlorosulphonic acid, and the whole was then poured on crushed ice. 6 G. of hydro- 
carbon escaped sulphonation, and from the aqueous solution of sulphonic acids there were 
obtained by treatment with barium carbonate 25 g. of crude barium sulphonates. This was 
fractionally crystallised from water and separated into (a) a very sparingly soluble fraction 
(2-0 g.), (b) the main bulk of homogeneous barium 2 : 3-dimethylnaphthalene-5-sulphonate (17-0 g. ; 
68%), and (c) the most soluble portion (6-0 g.). The principal salt crystallises from water 
in compact cream flakes [Found, after drying for 1 hour at 110° in a vacuum: §S, 10-5. 
(C,,H,,SO;),Ba requires S, 10-5%]. The sodium sulphonate is much more soluble in water 
and forms minute colourless pearly flakes (Found, after similar drying: S&S, 11-3. 
C,,H,,SO,Na,2H,O requires S, 116%). By gently warming 2 g. of the dry sodium sulphonate 
with 3 g. of phosphorus pentachloride till all was liquid, then adding the melt to 20 c.c. of 
ammonia solution (d 0-880), 2 : 3-dimethylnaphthalene-5-sulphonamide was obtained in almost 
quantitative yield. After recrystallisation from acetic acid, from which it separates in cream 
flakes, it melted at 208° (Found: C, 60-9; H, 5-6; N, 6-0. C,,H,,;0,NS requires C, 61-27; 
H, 5°53; N, 5-96%). The 2-0 g. of barium salt in fraction (a) were converted through the 
sodium salt into the corresponding sulphonamide, which melted at 227° and gave no depression 
when admixed with authentic 2: 3-dimethylnaphthalene-6-sulphonamide. 

(ii) At 40—50°. To the hydrocarbon (29 g.) dissolved in 500 c.c. of carbon tetrachloride 
were added 50 g. of concentrated sulphuric acid, and the whole was warmed to 40—50° and 
shaken. After 1 hour, the lower layer of sulphuric acid and sulphonation product was removed, 
and the warming and shaking repeated after addition of a further 25 g. of concentrated sulphuric 
acid. After a final treatment with another 25 g. of concentrated sulphuric acid, the sulphon- 
ation product was worked up as before, and the crude barium sulphonate (51 g.) was fractionally 
crystallised from water. The less soluble barium 2: 3-dimethylnaphthalene-5-sulphonate 
(28 g.; 55%) did not appear to be contaminated with any of the sparingly soluble 6-sulphonate. 

Caustic Fusion of Sodium 2: 3-Dimethylnaphthalene-5-sulphonate.—25 G. of the salt were 
added to 67 g. of fused potassium hydroxide containing 5 g. of water, the temperature raised 
to 290—310°, and maintained thereat for 10 minutes. After being cooled, diluted, and 
acidified, the solution was thoroughly extracted by ether, and the crude naphthol (14 g.), 
obtained after evaporation of ether, purified by distillation. 6: 7-Dimethyl-1-naphthol boiled 
at 240—244°/22 mm., set on cooling, and melted at 140°. It is soluble in benzene, sparingly 
soluble in petrol (b. p. 40—60°), and crystallises from mixtures of the two solvents in well- 
formed colourless or cream needles (Found: C, 83-8; H, 7:2. C,,H,,0 requires C, 83-7; H, 


70%). 


This work forms part of the programme of the Chemistry Research Board and is published 
by permission of Sir Gilbert Morgan, Director of Chemical Research, and the Department of 
Scientific and Industrial Research. Thanks are due to the Director for helpful criticism and 
advice. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. [Received, May 28th, 1938.] 
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245. The Cyclic Methyleneamines. Hydrolysis of Quaternary Com- 
pounds. Preparation of Aliphatic Secondary Amines. Part I. 


By JOHN GRAYMORE. 


The quaternary compounds formed from triethyltrimethylenetriamine (CH, : NEt), 
with methyl iodide and ethyl iodide are hydrolysed by water. The product in the 
presence of alkali gives a tetra-alkylmethylenediamine together with cyclic methylene- 
amines. It is possible to separate these by distillation, and from the former to prepare 
the corresponding secondary amine, The method is being further explored with a view 
to its general application. 


EINHORN and PRETTNER (Ber., 1902, 35, 2942; Amnmnalen, 1904, 334, 220) showed that the 
quaternary compounds obtained by the union of methyl iodide with triethyl- and 
trimethyl-trimethylenetriamine, when crystallised from cold alcoholic solution, gave 
hydriodides of the original cyclic bases; they further observed that isomeric hydriodides 
resulted on crystallisation from hot alcohol. As a preliminary to the examination of these 
isomers, it was decided to investigate the breakdown products of the quaternary compounds 
in aqueous solution. 

Triethyltrimethylenetriamine ethiodide (I) in aqueous solution is decomposed into 
formaldehyde and triethyltrimethylenetriamine hydriodide, whereas in acid solution it de- 
composes to give a mixture of the salts of diethylamine and ethylamine. It thus seemed 
probable that the quaternary compound is hydrolysed as follows : 


Net Po 
Ht, CH, hi, Bu 
(I.) | | {At + H,O —> 


ve: on: H nZ 
a , < 


and in acid solution the rails compounds would further react, NEt:-CH, + H,O > 
NH,Et + CH,0, so that salts of both the mono- and the di-ethylamine would be formed. 

In aqueous solution alone some of the triamine would be generated: 3NEt:CH, > 
(NEt:CH,);, with subsequent separation of the hydriodide. Consequently, addition of 
alkali should result, not only in the regeneration of this base, but in the formation of 
tetra-alkylmethylenediamine: 2NHR, + CH,O—> CH,(NR,),+H,O. In order to 
confirm this, triethyltrimethylenetriamine methiodide was hydrolysed in this way, and the 
mixture of bases, when separated and fractionated, gave as final products s.-dimethyl- 
diethylmethylenediamine, CH,(NMeEt),, and the original base. 

The formation of these quaternary compounds with subsequent hydrolysis by water 
appears similar. to the hydrolysis of the quaternary compounds formed from the conden- 
sation product of benzaldehyde with hydrazine, which was used by Thiele (Amnalen, 1910, 
376, 244) to prepare methylhydrazine. In this connection it is noteworthy that the Schiff 
bases form unstable quaternary compounds hydrolysing to alkylanilines (Decker and 
Becker, ibid., 1913, 395, 362). s.-Dimethyldiethylmethylenediamine, like the cyclic 
methyleneamines, decomposed slowly in moist air with liberation of formaldehyde. It is 
much less soluble in water than triethyltrimethylenetriamine but dissolves readily in 
hydrochloric acid. By warming this solution gently, formaldehyde is evolved. From 
the aqueous residue on further evaporation, the nitroso-derivative of methylethylamine 
was prepared in good yield. 

The yield of methiodide being 85—90% of the theoretical, that of tetra-alkylmethylene- 
diamine was about 75%. The yield of recovered triethyltrimethylenetriamine is also in 
the region of 75%. Further quantities can be recovered from the alkaline residues. There 
is considerable loss of cyclic base if it is not completely dried before distillation : resinifi- 
cation appears to take place. 
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EXPERIMENTAL. 


Triethylivimethylenetriamine Ethiodide.—To 1 mol. of the base, prepared from ethylamine 
and 40% formaldehyde (J., 1931, 1490) and carefully dried over barium oxide and redistilled 
immediately before use, 3 mols. of ethyl iodide, dried and redistilled, were added. The mixture, 
set aside for several hours, gradually deposited needles of the ethiodide. The mother-liquor was 
drained off, and the ethiodide rapidly dried between absorbent sheets; it melted at 95—100° 
(decomp.) (Found: I, 38-5. Calc. for C,,H,,N;,I: I, 388%). The mother-liquor slowly 
deposited a further small crop after a few hours. Slight decomposition takes place in moist air. 

Decomposition with water. The ethiodide dissolves slowly in water when added a little at a 
time, and when exposed to the air, triethyltrimethylenetriamine hydriodide is deposited, m. p. 
and mixed m. p. 124° (Einhorn and Prettner gave m. p. 121°). Formaldehyde was evolved and 
a smell of the base was evident, but no other product was detected. 

Decomposition with hydrochloric acid. An aqueous solution of the ethiodide (5 g.) was 
acidified with hydrochloric acid and evaporated to a syrup on the water-bath. Formaldehyde 
was copiously evolved, and the last traces of it were removed by heating in an air-oven at 70° 
for several hours. Benzenesulphonyl chloride was added in slight excess, followed by excess 
sodium hydroxide solution. Vigorous shaking afforded a white residue of benzenesulphon- 
diethylamide, 2-5 g., m. p. and mixed m. p. 42° on recrystallisation. The filtrate, acidified with 
hydrochloric acid, gave an oil which gradually solidified on standing and was identified as 
benzenesulphonethylamide (m. p. and mixed m. p.). 

Methiodide of the base. The dry, freshly distilled base (60 c.c.) was dissolved in dry ether 
(40 c.c.), and a solution of methyl] iodide (30 c.c.) in dry ether (30 c.c.) slowly added with shaking. 
Separation of the methiodide began at once. After 4 hours, the mass was almost solid. A 
portion removed and dried in absorbent sheets had m. p. 98—100° (Einhorn and Prettner 
gave 97°). 

Hydrolysis of the methiodide. An excess of water was added to the mass. This dissolved 
slowly, forming hard lumps at first. On complete solution, the ethereal layer was removed and 
freed from base by washing with hydrochloric acid. The washings were added to the aqueous 
layer, which was now treated with excess potassium hydroxide. The mixed bases separated 
as an oil, and after 48 hours’ standing, they were extracted with ether and dried over barium 
oxide. 

Separation of the bases. On distillation of the ether, a little amine also passed over. Some 
methylethylamine was recovered from the distillate by evaporation with hydrochloric acid and 
conversion into the nitrosoamine. When the ether had passed over, the temperature rose 
slowly to 80°, and a few c.c. of liquid (apparently ethyl isocyanide) then distilled. At 105° 
distillation recommenced, with slight discoloration of the liquid. Two fractions were collected : 
(2) b. p. 105—135°, (6) b. p. 185—210°, the latter with a slight yellow tinge. These were 
refractionated, (b) eventually giving triethyltrimethylenetriamine, b. p. 205—208°, as main 
product, and (a) affording a basic liquid, b. p. 128—133°. Further small amounts of the 
cyclic base could be recovered from the alkaline residues by steam distillation, evaporation of the 
distillate to small bulk after acidifying, and subsequent addition of formaldehyde followed by 
excess alkali. 

s.-Dimethyldiethylmethylenediamine, b. p. 131°, d}% 0-7888, was obtained from fraction (a) 
(Found : C, 64-5; H, 13-9; N, 21-7; V.D., 60. C,H,,N, requires C, 64-6; H, 13-8; N, 21:5%; 
V.D., 65). Itis slightly hydrolysed in moist air, giving formaldehyde. 

Nitrosomethylethylamine.—The foregoing diamine (14 c.c.) was acidified with concentrated 
hydrochloric acid and evaporated to a syrup on the water-bath. Formaldehyde was copiously 
evolved, and the last traces were driven off in an air-oven at 80°. Water (12-5 c.c.) was added, 
the liquid transferred to a distillation flask, and sodium nitrite (21 g. in 12-5 c.c. of hot water) 
slowly added. The distillate obtained by rapid heating of the mixture was redistilled with a 
little dilute sulphuric acid, and the nitrosoamine separated from the resultant aqueous solution 
by addition of excess potassium carbonate. Dehydrated over anhydrous potassium carbonate, 
it distilled as a pale yellow liquid with a characteristic nitrosoamine odour; b. p. 163°/747 mm., 
di’ 0-9448 (Found: C, 40-9; H, 9-1; N, 31-7. Calc. for C;SH,ON,: C, 40-9; H, 9-09; N, 
31-8%). 

Methylethylamine.—The nitrosoamine (9-5 g.) was refluxed with excess concentrated hydro- 
chloric acid for 5 hours. Evaporation on the water-bath removed the excess acid, and the 
hydrochloride of the base separated as a waxen solid, m. p. 124—125° (Found: Cl, 37-0. Calc. 
for Cs;H, ,NCl: Cl, 37:2%). To the solid hydrochloride in a distillation flask, cooled in ice- 
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salt and fitted with a condenser and ice-cooled receiver, a concentrated solution of potassium 
hydroxide was added slowly from a tap-funnel. The mixture was distilled, and the distillate 
redistilled over solid potassium hydroxide to give methylethylamine, b. p. 35—38° (5 g.). 
When a slight excess of this base was added to a saturated solution of 2 : 4-dinitrochlorobenzene 
in alcohol, the solution turned deep orange, and after 2 hours, on shaking, 2 : 4-dinitrvophenyl- 
methylethylamine separated in orange needles. Recrystallised from alcohol, it melted sharply 
at 55° (Found: C, 47-9; H, 4:9; N, 18:7. C,H,,0O,N, requires C, 48-0; H, 4:8; N, 18-7%). 

Methylethylamine in aqueous solution was shaken with a slight excess of p-toluenesulphonyl 
chloride in the presence of sodium hydroxide. The oil separating was washed alternately with 
sodium hydroxide and hydrochloric acid and then warmed with alcoholic soda. On removal 
of the alcohol, the oil was extracted with ether, and distilled; b. p. 210°/50 mm. (Found: N, 
6-7. Calc. for C,~)H,,O,NS: N, 6-6%); the thick oil could not be induced to crystallise. - 

It is hoped to examine the quaternary compounds of other trialkyltrimethylenetriamines 
with a view to test the general applicability of the method. 


STOCKPORT COLLEGE. ' [Received, June 15th, 1938.] 





246. The Triterpene Group. Part II. Observations on the Carbon 
Skeleton of the Triterpenes. ° 


By James C. E. Simpson. 


The compound C,,H,,OS obtained by mild dehydrogenation of f-amyrin with 
sulphur (Jacobs and Fleck, J. Biol. Chem., 1930, 88, 137) is shown to contain a benzenoid 
ring which is formed without loss of carbon atoms. This observation is irreconcilable 
with any skeleton formula hitherto advanced for the oleanolic acid group of triterpenes. 
The relationship between the thio-compound and two oxidation products derived from 
it (Jacobs and Fleck, loc. cit.) is elucidated. 


THE present status of triterpene chemistry finds expression in the structure (I, R = H), 
which represents the carbon skeleton of such triterpenes as yield 1 : 8-dimethylpicene 
(II) on dehydrogenation with selenium (Ruzicka, Goldberg, and Hofmann, Helv. Chim. 
Acta, 1937, 20, 325). This structure has been derived by combining the “ isoprene 
hypothesis” with (a) data obtained by the selenium dehydrogenation method and (6) 


Me Me 


ye CH, 


“e Nf» 
A B 


Hy 
Nal 


(II.) (III) 


evidence arising from degradations of the triterpene molecule carried out by various 
investigators, notably by Jacobs, Kitasato, and their co-workers. Whereas this latter 
evidence, so far as concerns the actual carbon skeleton, has been furnished solely by scission 
of rings A and B, with the result that the structure of these two rings is known with 
certainty to the extent represented by the partial structure (III) (for a summary of this 
evidence see Ruzicka, Hofmann, and Schellenberg, Helv. Chim. Acta, 1936, 19, 1391), 
yet the only chemical evidence relative to the nature of rings C—E, on the other hand, is 
the formation of sapotalin, 2: 7-dimethylnaphthalene, and 1 : 8-dimethylpicene during 
dehydrogenation. It is conceivable that these hydrocarbons might originate from a 
1 : 8-dimethylperhydropicene skeleton in which rings C—E carry methyl groups in positions 
other than those shown in (I, R = H), and in view of the known fallibility of the isoprene 
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rule in sterol chemistry the possibility of ascertaining the detailed structure of rings C—E 
by other methods merits examination. 

In this paper are described certain results bearing on this question which have been 
obtained by an extension of some earlier observations of Jacobs and Fleck. These authors 
showed (J. Biol. Chem., 1930, 88, 137, 153; 1932, 96, 341) that B-amyrin, hedraganic 
methyl ester, and oleanolic methyl ester, when heated with sulphur to about 230°, are 
converted into compounds in which, although six atoms of hydrogen have been re- 
moved with simultaneous introduction of one atom of sulphur, the entire triterpene 
skeleton has apparently been preserved. The sulphur atom was shown to be cyclic in 
nature by its stability towards lead acetate and alcoholic potash under reflux, but on 
treatment with permanganate at room temperature it was removed and two well-defined 
oxidation products were obtained. Thus treatment of §-amyrin, C3,H;,O0, with sulphur 
furnished an alcohol, C395H,,OS, oxidation of which (as the benzoate) produced a ketone, 
CypH4y,0 3, and a lactone, CsgH,,O,; the thio-compounds derived from hedraganic methyl 
ester and oleanolic methyl ester behaved analogously. The formation of these oxidation 
products, which are relatively simple derivatives of the parent thio-compounds, indicates 
the remarkable stability of that portion of the molecule from which six hydrogen atoms 
were removed during the production of the latter compounds. The aromatisation of 
a hydroaromatic ring would provide a reasonable explanation of this stability, and an 
investigation of the structure of the alcohol C39H,,OS from $-amyrin has accordingly been 
commenced in this laboratory. 

It appeared in the first place essential to determine accurately the molecular weight 
of this alcohol, because the analytical figures of Jacobs and Fleck (loc. cit.), although in 
good agreement with their suggested formula, do not definitely exclude the possibility 
that one, or even two, methyl groups may have been eliminated during the dehydro- 
genation. For this purpose the acetate, m. p. 197—198°, of the thio-compound was prepared 
and quantitatively saponified according to the method of Sandqvist and Gorton (Ber., 
1930, 63, 1935); the results obtained (see Experimental) clearly indicate that the whole 
of the original carbon skeleton is present in the thio-compound. 

The above-mentioned acetate was also employed, on account of its greater solubility 
in acetic acid, for the preparation of the Cy-ketone by permanganate oxidation. The 
ketone so obtained was invariably purer than the sample of Jacobs and Fleck, and gave 
analytical data indicating the formula C3)H,,0; in contrast to the formula C,,H,,0; favoured 
by the American workers. (A formula analogous to C3,H,,03 was also advanced by these 
authors for the ketonic compound from hedraganic methyl ester; their suggested formula 
for the corresponding substance from oleanolic methyl ester, however, contains two hydro- 
gen atoms relatively less, and therefore agrees with the formula advocated in this paper.) 
The formula C,,H,,0,; admits of a simple explanation of the formation of the ketone 
(V) (as acetate) from the acetate C,,.H,,0,S (IV) : 


> >t—oH >t_oH 
C >CH-OH >CO 
(IV.) (V.) 


A study of the ketone (V) has shown that it is unquestionably a saturated compound ; 
it gives negative reactions with tetranitromethane and the Liebermann—Burchard reagent, 
and is unaffectéd by prolonged treatment with perbenzoic acid. On the other hand, 
spectroscopic examination of it and of its parent thio-compound (for which the author is 
greatly indebted to Dr. R. A. Morton) reveals the presence of a strongly chromophoric 
grouping in these substances, which has apparently been produced by the removal of six 
atoms of hydrogen from $-amyrin. The compound (IV) shows maxima at 32104. 
(log « = 4-44) and 2570 A. (log « = 3-88), whereas the keto-acetate (V), in which the compli- 
cating effect of the sulphur atom is absent, shows a maximum at 2780 A. (log « = 4-08). 
The absorption spectrum of (V) is thus similar in position to, although greater in intensity 
than, those of meoergosterol (2680 A., loge = 2-5; Inhoffen, Annalen, 1932, 497, 130), 
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dihydrotrianhydrostrophanthidin (2680 and 2790 A., log « = 2:7; Elderfield and Rothen, 
J. Biol. Chem., 1934, 106, 71), and dehydroabietic acid (2680 and 2760 A., log « = 2-85; 
Fieser and Campbell, J. Amer. Chem. Soc., 1938, 60, 159). In the formation of these com- 
pounds aromatisation of an originally hydroaromatic ring has occurred; a similar aroma- 
tisation of B-amyrin to give (IV) and (V) provides the only adequate interpretation of the 
properties of the latter compound. 

Although the benzoate of the ketone (V; BzO instead of AcO) is stated by Jacobs and 
Fleck to be stable towards permanganate in acetic acid, the ketone must be regarded as an 
intermediate stage in the conversion of the thio-compound into the C,,-lactone, because 
the latter has now been isolated (as acetate) in good yield as the sole product of the chromic 
anhydride oxidation of (V). (This oxidation product and the related hydroxy-lactone 
were identified by comparison with authentic samples kindly supplied by Dr. W. A. 
Jacobs.) The extreme smoothness of the oxidation, which can be effected under conditions 
of considerable severity, provides further and convincing evidence of the presence of 
an aromatic nucleus in the ketone (and consequently in the parent thio-compound), for 
only on this hypothesis can the stability under such drastic oxidative conditions of the 
partially dehydrogenated molecule be explained. 

Of the four oxygen atoms in the C,)-lactone, three were characterised by Jacobs and 
Fleck as the lactone grouping and the original secondary hydroxyl group. The fourth 
oxygen atom, which these workers found to be unaffected by hydroxylamine and acylating 
agents, has now been shown to be ketonic, inasmuch as the acetate of the lactone has 
been converted by reduction with sodium and amyl alcohol into an unsaturated acid, 
Cs9H 590, (VII), m. p. 254°, which has been characterised by the preparation of its methyl 
ester diacetate, m. p. 219°. The formation of the latter compound (C;;H,,04) indicates the 
presence of two secondary hydroxyl groups and one carboxyl group in the acid C3,H590,, 
and consequently the production of this acid from the lactone must involve the reduction 
of a carbonyl group in the latter, together with saponification of the lactone ring, elimina- 
tion of the (tertiary) hydroxyl group thus liberated as water, and reduction of the aromatic 
nucleus. The mechanism of the formation of the Cg9-lactone from the ketone Cg9H,,O3 


is thus disclosed as a simple oxidation of the system >CH*CO— to >CO HO,C—, with 
subsequent lactonisation on the tertiary hydroxyl group originally present. It therefore 
follows that the lactone must be formulated as C35H,,.O, instead of Cs,H,,O, as given by 
Jacobs and Fleck, and that the partial structure (VI) may be assigned to it with a high 
degree of probability.* The acetate of (VI), as is to be anticipated from this structure, 
fails to zr colour reactions indicative of unsaturation. 


r fr ~=s CO—,H 


DG  cuoulh® ~ emo (08 


CyHy~OH}— CH € —> CyHpOH: —tay ¢ —> C,,H,,OH4— 
\ 
oa YIN VAIN 


. 1 . | 
(VI.) (VII) 

The foregoing observations demonstrate the ability of 8-amyrin to undergo aromatisa- 
tion in one ring without loss of carbon atoms. The structure (I, R = H) is clearly irrecon- 
cilable with this behaviour, and accordingly requires modification by the removal of 
one or more methyl groups from quaternary positions therein. Aromatisation of ring 
E becomes possible if the methyl group at C,, is shifted; in its new position, however, 
it must be non-quaternary, since all the available quaternary points are already occupied 
by four methyl groups, the ethenoid linkage (C,,—C,, in B-amyrin; Ruzicka and Schellen- 
berg, Helv. Chim. Acta, 1937, 20, 1553), and the hydrogen atom at C, (required to interpret 
degradations in rings A and B). If the aromatic nucleus be derived from rings C or D, 
an extra methyl group can now be accommodated in ring E [as shown in (I, R = Me)], 











* On the evidence at present available, the hydrogen atom eliminated in the production of (VII) 
from (VI) may be attached to the alternative carbon atom adjacent to the lactonised hydroxyl group. 
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but the removal of one or two methyl groups respectively to non-quaternary positions 
is still required. The only condition obviating removal of methyl groups to non-quaternary 
positions would be aromatisation of ring B, in which case the adoption of structure (I, 
R = Me) would account for one methyl group, and the remaining one could be attached 
to C,,. (This contingency is, however, regarded as remote, for reasons which will be 
considered in a future communication.) 

The above argument is based on the assumption that no wandering of methyl groups 
has occurred during the reaction between 8-amyrin and sulphur, which takes place under 
unusually mild conditions. This assumption must be regarded as not only justifiable 
in these circumstances, but necessary, for otherwise the diagnostic value of all dehydro- 
genation experiments would be seriously impaired. 

An alternative possibility (instead of the removal of methyl groups to non-quaternary 
positions) would be the attachment of higher alkyl radicals to one or more quaternary 
points; the isolation of possible new dehydrogenation products should prove of value 
in deciding between these two alternatives. 


EXPERIMENTAL. 
(Melting points are uncorrected.) 


Preparation of Thio-compound, C3,H,,OS.—$-Amyrin benzoate, in batches of 10 g., was 
heated with an equal weight of sulphur in a stream of nitrogen as described by Jacobs and 
Fleck (loc. cit.), but the method of working up the product was somewhat modified, as follows : 
The reaction mixture was extracted 5 or 6 times with boiling chloroform, and the extract 
filtered and concentrated to small bulk (about 50 c.c. per batch). The cold solution was then 
filtered from deposited sulphur, concentrated further, and the crude thio-compound pre- 
cipitated by addition of absolute alcohol (about 2 vols.). After one crystallisation from 
benzene~alcohol (1: 2) the still impure material was refluxed for 1} hours with 6% benzene— 
alcoholic sodium hydroxide solution (20 vols.). After concentration to half-bulk the hydro- 
lysed product was precipitated with water, filtered off, washed, and recrystallised from aqueous 
alcohol (charcoal). One further crystallisation (alcohol) yielded the practically pure thio- 
compound (usually in 55—60% yield) as soft, flat, colourless needles, m. p. 197-5—199°. Its 
solution in chloroform gave an intense brown colour with tetranitromethane, and with the 
Liebermann—Burchard reagent a deep brownish-red colour was produced. 

Preparation of Acetate, C3,H,,0,S.—The foregoing alcohol was dissolved in 1} times its 
weight of pyridine and heated for 2 hours on the steam-bath with its own weight of acetic 
anhydride. After standing overnight, the solution was poured into aqueous methanol (1: 1; 
2 vols.) and the precipitated material recrystallised from 95% alcohol containing a little ether. 
This acetate is obtainable in two crystalline forms; it usually separates in long brittle prismatic 
needles, m. p. 197-5—198-5° after sintering and resolidifying at 185°, but occasionally forms 
rosettes of soft dull needles, m. p. 201—202°. A mixture of the two forms gives no depression 
in m. p., but each gives a marked depression when mixed with the parent alcohol (Found : 
C, 77-6; H, 9-3; S, 6-6. C,,H,,O0,S requires C, 77-7; H, 9-4; S, 65%); [a]}® + 98°, [a]}?* + 103° 
(m. p. 201—202°); [aJ>° + 111° (m. p. 197-5—198-5°) (J = 1, c = 2-72, 0-695, 4-00, in 
chloroform). 

Quantitative Saponification of Acetate, C3,H,,O,S.—The acetate (different preparations, and 
dried either at 85° in high vacuum or at 100° in an air-oven) was refluxed with a large excess 
(40 c.c.) of approximately 0-1N-alcoholic potash, and the alkali consumption determined by 
the method of Sandqvist and Gorton (loc. cit.). Found: M, 491-2 (mean of 5 values). Calc. 
for C3,H,,0,S: M, 494-4. For cholesteryl acetate, M, 426-0 (mean of 3 values). Calc. for 
Cyp9H,,O,: M, 428-4. 

Preparation of the Ketone, Cs,H,,0,;.—Potassium permanganate (22-5 g.) in water (400 
c.c.) was added with mechanical stirring during 1} hours to a solution of the acetate, C,,H,,O,S 
(10 g.), in glacial acetic acid (300 c.c.) at 20° approx.; towards the end of the addition the 
solution acquired a permanent pink colour. After a further 1} hours the reaction mixture was 
clarified with sodium bisulphite and dilute sulphuric acid and poured into water (1100 c.c.). 
The solid product was filtered off, washed, and refluxed for 4 hours with a solution of sodium 
hydroxide (10 g.) in water (125 c.c.) and alcohol (250 c.c.). The solution was poured into 
water (1000 c.c.) and the crude neutral oxidation products were filtered off, washed, taken up 
in methyl alcohol, and decolorised with charcoal. The material obtained by concentration 
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and cooling was crystallised several times from aqueous methanol, but no evidence of the 
presence of the lactone, C;,H,,O, (isolated at this stage by Jacobs and Fleck) was obtained. 
Instead, the m. p. fell continuously from about 265° to roughly 220°. By combining and 
concentrating the filtrates from these crystallisations the ketone was obtained (in 25—30% 
yield) as long brittle needles, m. p. 282—283°. Jacobs and Fleck record m. p. 274—275° for 
this compound [a sample kindly supplied by Dr. Jacobs, however, melted at 277—-278° (as 
stated by him in a private communication), and gave no depression on admixture with the 
preparation, m. p. 282—283°] (Found: C, 79-6; H, 9-6. Calc. for Cs5H,,O,: C, 79-6; H, 
9-8%). Neither the ketone nor the crude mixture of neutral oxidation products gave a product 
on treatment with semicarbazide acetate. under reflux. 

Keto-acetate, Cs,H,,O,.—The ketone (1 part) was dissolved in pyridine (5 parts) and acetic 
anhydride (4 parts). The solution was maintained at 100° for 2 hours, water added, and the 
precipitate recrystallised from aqueous methyl alcohol. The acetate separated in heavy plates, 
m. p. 234—234-5° (Jacobs and Fleck give m. p. 231—232°) (Found: C, 77:8; H, 9-4. Calc. 
for C,,H,,0,: C, 77-7; H, 94%). Its solution in chloroform remained colourless on addition 
of tetranitromethane; the Liebermann—Burchard reagent produced a clear, light brownish- 
yellow solution. 

A solution of this acetate (50 mg.) in a large excess of an approximately 0-25n-solution of 
perbenzoic acid in chloroform was left at 5° for 14 days. The excess perbenzoic acid was 
then removed, and the product isolated in the customary manner; 40 mg., m. p. 230—232° 
(230—233° when mixed with the original acetate), were obtained after one crystallisation from 
aqueous methanol. This material was refluxed with 0-1n-alcoholic potash for 2 hours and 
yielded a product which separated from aqueous alcohol in needles, m. p. 285—286° both 
alone and on admixture with an authentic specimen of the ketone. 

Oxidation of the Keto-acetate, C3,H,,0,.—A solution of chromic anhydride (0-5 g.) in water 
(1 c.c.) and glacial acetic acid (14 c.c.) was added with stirring during 10—12 minutes to a solu- 
tion of the keto-acetate (0-5 g.) in glacial acetic acid (10 c.c.) at 90°. After a further half-hour 
at this temperature the crystalline reaction product was precipitated by addition of water, 
washed, and recrystallised from slightly aqueous methanol, from which the pure lactone acetate 
separated in large plates, m. p. 284—286° (274—277° when mixed with Jacobs’s lactone 
acetate of m. p. 269—271°); yield, 75%. The compound gave no colour with tetranitromethane 
in chloroform, and with the Liebermann—Burchard reagent a clear, very light red solution 
resulted (Found: C, 75:1; H, 9-1. Cale. for C;,H,,O,: C, 75-5; H, 8-7%). 

When heated under reflux for 2} hours with 0-1n-alcoholic potash the above acetate was 
quantitatively converted into the free hydroxy-lactone, which separated from aqueous alcohol 
in small, heavy prismatic needles, m. p. 309—310° (decomp.) (305—308° on mixing with 
Jacobs’s specimen of m. p. 302—303°) (Found: C, 76-6; H, 9-4. Calc. for Cy.H,.0,: C, 
77-2; H, 9-1%). 

Preparation of the Acid, Cs5Hs,0, (VII).—A solution of the acetate, C,,H,,O,; (100 mg.), 
in hot amyl alcohol (5 c.c.) was treated with sodium (1 g.), added in portions during 50 minutes 
with addition of two 5 c.c. portions of amyl alcohol at intervals of 20 minutes. After a total 
of 1 hour the mixture was diluted with water and the amy] alcohol removed by distillation. The 
residual suspension (insoluble sodium salt) was extracted with ether, then acidified to Congo-red 
and re-extracted (ether). The residue from evaporation of the latter extract was thrice crystal- 
lised from aqueous methanol—acetone and yielded the acid as fluffy prismatic needles, m. p. 
252—254° to a turbid liquid.which on further heating partly resolidified and cleared finally at 
280° (Found: C, 75-8; H, 10-6. C,,H;,O, requires C, 75-9; H, 10-6%). 

Treatment of the acid with diazomethane yielded an amorphous ester which could not be 
induced to crystallise; this was accordingly heated with acetic anhydride in pyridine at 100° 
for 2 hours, and the crystalline product obtained by cautious dilution of the mixture was re- 
crystallised from aqueous alcohol, from which the methyl ester diacetate separated in leaves, m. p. 
217—219° (Found: C, 73-3; H, 9-8; OMe, 5-0. C;,H;,O, requires C, 73-4; H, 9-8; OMe, 
5-4%). This ester gives an immediate yellow colour with tetranitromethane in chloroform, 
and with the Liebermann—Burchard test an intense, deep red coloration is immediately produced. 


UNIVERSITY OF LONDON, KING’s COLLEGE. [Received, June 17th, 1938.] 








Clemo, Cook, and Raper: 


247. The norLupinane—Octahydropyridocoline Relationship. Part III. 
By G. R. CLEmo, J. G. Cook, and R. RAPER. 


In an endeavour to prepare solid isomers of the norlupinane—octahydropyridocoline 
types, 5: 6-benzo-1:2:3:4:7: 8-hexahydropyridocoline (I, Rzg=H,) and 5: 6- 
benzododecahydropyridocoline (II, R, = H,) have been prepared, but all are oils. 


In an attempt to obtain further evidence on the nature of the norlupinane—-octahydro- 
pyridocoline relationship (J., 1931, 437; 1936, 1429) we were led to prepare 1-keto-5 : 6- 
benzo-1 :2:3:4:7:8-hexahydro- and 1-keto-5 : 6-benzododecahydro-pyridocolines (I 
and II; R, =O) in the hope of obtaining, by the Wolff and Clemmensen reductions, 


OO 
I. \ ; 
(I.) \ x ye C} R; (I1.) 


solid isomers of the morlupinane and octahydropyridocoline types. These were prepared 
respectively by condensation of methyl tetra- and deca-hydroquinaldinate with y-bromo- 
butyronitrile and subsequent hydrolysis and ring-closure by the Dieckmann method, but, 
although both ketones gave ‘ A’ and ‘ B’ type bases on reduction, these were all unstable 
oils. In the case of the dodecahydro-compound, eight bases might have been expected, 
and the occurrence of only two suggests that the catalytic reduction of the methyl 
quinaldinate has led to only one of the two theoretically possible racemic forms, and that 
the Dieckmann ring-closure has again only taken place in one of the possible ways, the 
ketone (II) only giving one picrolonate and being therefore homogeneous. This is probably 
the trans-form (compare Hiickel, Annalen, 1925, 441, 1). 


EXPERIMENTAL. 


Methyl Deca- and Tetra-hydroquinoline-2-carboxylates.—Methy] quinoline-2-carboxylate (H. 
Meyer, Ber., 1905, 38, 2490) (25 g.) in glacial acetic acid (100 c.c.) was shaken for 24 hours with 
platinum oxide (0-15 g.) in hydrogen at 7 atm. pressure. The solution was filtered, the acetic 
acid removed, the residual gum basified (saturated potassium carbonate solution), and the 
yellow oil extracted with ether, dried, and distilled, giving the decahydro-ester (7-0 g., b. p. 
110—115°/1 mm.) (Found: C, 67-3; H, 9-3. C,,H,,O,N requires C, 67-0; H, 9-6%), 
picrolonate, pale yellow prisms, m. p. 221—222° from alcohol (Found: C, 55-1; H, 5-9. 
C,,H,,0,N,C,,H,O,;N, requires C, 54-7; H, 5-9%), and the tetrahydro-ester (16-5 g., b. p. 135°/1 
mm.) (Found: C, 69-2; H, 66. C,,H,,;0,N requires C, 69-1; H, 69%), picrolonate, yellow 
prisms, m. p. 172° (Found: C, 55-6; H, 4-9. C,,H,;0,N,C,,H,O,N, requires C, 55-4; H, 4-6%). 

Methyl 1-(y-Cyanopropyl)decahydroquinoline-2-carboxylate——Methyl decahydroquinoline-2- 
carboxylate (1-25 g.), y-bromobutyronitrile (1 g.), and potassium carbonate (1 g.) were heated 
on a water-bath for 6 hours with frequent stirring. The mixture became light yellow; water 
(5 c.c.) was added, and the yellow oi! extracted with ether, dried, and distilled, giving unchanged 
reactants (0°85 g., b. p. 100—120°/1 mm.) and methyl 1-(y-cyanopropyl)decahydroquinoline-2- 
carboxylate (0-9 g., b. p. 170—180°/1 mm.) as a thick oil (Found: C, 67-8; H,88. C,;H,,O,N, 
requires C, 68:2; H, 9-0%). 

Methyl Decahydroquinoline-2-carboxylate-1-(y-butyrate).—The above nitrile (0-86 g.) in methyl 
alcohol (20 c.c.) was cooled in ice and saturated with hydrogen chloride. The solution was 
kept for 18 hours, refluxed for 2 hours, and the alcohol removed. The residue was basified 
(saturated potassium carbonate solution) and ether-extracted, and the extract dried and distilled, 
giving the dimethyl ester as a yellow oil (0-8 g., b. p. 160—170°/1 mm.) (Found: C, 64:3; H, 
9-3. C,,H,,0O,N requires C, 64-6; H, 9-1%). 

1-Ketododecahydro-5 : 6-benzopyridocoline.—The diester (1-2 g.) in toluene (4 c.c.) was added 
to powdered potassium (0-25 g.) in toluene (25 c.c.) and heated for 1 hour on the water-bath. 
Alcohol (1 c.c.) and concentrated hydrochloric acid (15 c.c.) were added, and the solution similarly 
heated for a further 6 hours. The solvents were removed under reduced pressure, and the 


residue basified (40% sodium hydroxide) and ether-extracted. The extract was dried and 
distilled, giving 1-ketododecahydro-5 : 6-benzopyridocoline as a light yellow oil (0-53 g., b. p. 
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130°/1 mm.) (Found: C, 75-7; H, 10-0. C,;H,,ON requires C, 75-4; H, 10-1%). The 
picrolonate crystallised from alcohol in‘light yellow prisms, m. p. 216° (Found: C, 59-2; H, 
6-4. C,,;H,,ON,C,,H,O,N, requires C, 59-6; H, 62%). 

5 : 6-Benzododecahydropyridocoline ‘B’ prepared by the Clemmensen Reduction.—This 
reduction was carried out in the manner usually adopted in this series, the ketone (0-5 g.) giving 
5 : 6-benzododecahydropyridocoline ‘B’ as a pale yellow mobile oil (0-25 g., b. p. 100—110°/1 
mm.) (Found: C, 80-4; H, 12-0. C,,H,,N requires C, 80-8; H, 119%). The picrate crystal- 
lised from alcohol in pale yellow prisms, m. p. 128—130° (Found: C, 53-9; H, 6-5. 
C,3;H,,;N,C,H,O,N, requires C, 54-0; H, 6-2%). 

5 : 6-Benzododecahydropyridocoline ‘A’ prepared by the Wolff Reduction.—This reduction was 
again carried out in the usual way, the ketone (0-5 g.) giving 5 : 6-benzododecahydropyridocoline 
‘A’ as a mobile yellow oil (0-2 g., b. p. 100—110°/1 mm.) (Found: C, 80-5; H, 12-2%). 
The picrate crystallised from alcohol in pale yellow prisms, m. p. 148° (Found: C, 53-7; H, 6-3%). 

Methyl 1-(y-Cyanopropyl)tetrahydroquinoline-2-carboxylate.—Methyl tetrahydroquinoline-2- 
carboxylate (1-25 g.), y-bromobutyronitrile (1 g.), and potassium carbonate (1 g.) were heated 
on the water-bath for 18 hours with frequent stirring, and worked up as for the decahydro- 
compound, giving unchanged reactants (0-45 g., b. p. 100—140°/1 mm.) and a thick oil (0-9 g., 
b. p. 190—205°/1 mm.) (Found: C, 69-3; H, 7-2. C,,;H,,0,N, requires C, 69-8; H, 7-:0%). 

Tetrahydroquinoline-2-carboxylate-1-(y-butyrate)—The above nitrile (2-1 g.) was dissolved 
in methyl alcohol (20 c.c.), cooled in ice and saturated with hydrogen chloride, and treated in 
the same way as the decahydro-compound. On being worked up, the dimethyl ester (1-8 g., 
b. p. 180—185°/1 mm.) was obtained as a viscous yellow oil (Found: C, 66-7; H, 7:3. 
C,.H,,0,N requires C, 66-0; H, 7-2%). 

1-Keto-5 : 6-benzo-1: 2:3:4: 17: 8-hexahydropyridocoline.—The diester (2-8 g.) was dissolved 
in xylene (6 c.c.) and added to powdered potassium (0-6 g.) in xylene (10 c.c.). A vigorous 
reaction took place and a yellow solid was deposited; this was heated for 1 hour on the water- 
bath, concentrated hydrochloric acid (20 c.c.) added, and the heating continued for a further 6 
hours. The solvents were removed by distillation under reduced pressure, and the residue was 
basified (saturated potassium carbonate solution) and ether-extracted. The extract was dried 
and distilled, yielding 1 keto-5 : 6-benzo-1:2:3:4:17: 8 hexahydropyridocoline as a deep yellow, 
unstable oil (0-57 g., b. p. 160°/1 mm.) (Found: C 76-9; H, 7-7. C,3H,,ON requires C, 77-6; 
H, 7-5%). 

5 : 6-Benzo-1:2:3:4:17: 8-hexahydropyridocoline ‘A’ prepared by the Wolff Reduction.— 
The above ketone (0-28 g.) was treated in the usual manner and gave a mobile yellow oil (0-1 g., 
b. p. 120°/1 mm.) which decomposed rapidly on standing (Found: N, 7:8. C,;H,,N requires 
N, 76%). The picrate crystallised from alcohol in yellow needles, m. p. 174° (Found : C, 54-7; 
H, 4:4. C,,;H,,N,C,H,O,N, requires C, 54-8; H, 4:8%). 

5 : 6-Benzo-1:2:3:4:7:8-hexahydropyridocoline ‘B’ prepared by the Clemmensen 
Reduction.—1-Keto-5 : 6-benzo-1 : 2: 3: 4: 7: 8-hexahydropyridocoline (1-0 g.) was dissolved 
in concentrated hydrochloric acid (10 c.c.), amalgamated zinc (5-0 g.) added, and the whole 
refluxed for 18 hours; more concentrated hydrochloric acid: (5 c.c.) and amalgamated 
zinc (2-0 g.) were added and the mixture refluxed for a further 3 hours. The solution was 
worked up as usual, giving 5: 6-benzo-1:2:3:4:17: 8-hexahydropyridocoline ‘B’ as a pale 
yellow unstable oil (0-35 g., b. p. 120°/1 mm.) (Found: C, 83-5; H, 8-9; N, 7-5. (C,3H,,N 
requires'C, 83-3; H, 9-1; N, 7-6%). The picrate crystallised from alcohol in yellow prisms, 
m. p. 142° (Found: C, 54-4; H, 44%), and the picrolonate in brownish-yellow prisms, m. p. 
175° (Found: C, 60-3; H, 5-8. C,;H,,N,C,9H,O,N, requires C, 60-9; H, 59%). 

Attempted Interconversion of ‘A’ and ‘ B’.—5: 6-Benzo-1:2:3:4:7: 8-hexahydro- 
pyridocoline ‘A’ (0-2 g.), obtained from the Wolff reduction of the 1-keto-compound, was 
dissolved in concentrated hydrochloric acid (5 c.c.) and refluxed for 6 hours, but was recovered 
unchanged (0-1 g.; picrate, m. p. alone or mixed with that of the original base, 174°). 

The base ‘ B’ obtained from the Clemmensen reduction (0-15 g.) was dissolved in alcohol 
(2 c.c.) and heated in a sealed tube at 180° with sodium ethoxide (3 g.) for 4 hours. On working 


‘the product up as usual, the original base (0-1 g.) was obtained, giving a picrate, m. p. 142° 


alone or mixed with that of the original base. 


One of us (J. G. C.) thanks the Council of King’s College for a Postgraduate Studentship. 
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248. Chalkones. Condensation of Aromatic Aldehydes with 
Resacetophenone. Part II. 


By D. R. NADKARNI and T. S. WHEELER. 


In continuation of previous work, the direct synthesis of the corresponding 
polyhydroxychalkones from resacetophenone and -anisaldehyde or p-hydroxy- 
benzaldehyde has been examined; the possibility of passing directly from such 
chalkones to flavones, flavanones, and flavonols has also been investigated, and 
modified methods for the preparation of pratol, resokaempferide, and liquiritigenin 
are described. 


In continuation of Part I (J., 1937, 1737), Shinoda’s statement (J. Pharm. Soc. Japan, 
1928, 48, 214; Chem. Abs., 1928, 22, 2947) that resacetophenone condenses with 
p-anisaldehyde in presence of alkali to give 2 : 4-dihydroxyphenyl 4-methoxystyryl ketone 
(I) has been confirmed, but our product has a higher m. p. This ketone yields pratol 
(7-hydroxy-4’-methoxyflavone) with selenium dioxide (cf. Mahal, Rai, and Venkataraman, 
J., 1935, 866) and resokaempferide (7-hydroxy-4’-methoxyflavonol) with alkaline hydrogen 
peroxide (cf. Algar and Flynn, Proc. Roy. Irish Acad., 1934, 42, B,1). It is believed that 
this is the first occasion on which these methods have been applied to the direct production 
of, respectively, a hydroxyflavone and hydroxyflavonol. 


CO CO 


\cH Br \CHBr 
HO JOH CH-C,H,OMe H OH CHBr-C,H,OMe 


r 
(I.) (II.) 


The flavanone corresponding to (I) (7-hydroxy-4’-methoxyflavanone) could not be 
obtained pure by treatment of (I) with dilute alkali (L6wenbein, Ber., 1924, 57, 1515); the 
product always gave a coloration with ferric chloride. The application of Kostanecki’s 
chalkone dibromide method for the production of flavones to polyhydroxychalkones does 
not appear to have been examined; work has been confined to alkoxy- and acetoxy- - 
derivatives (cf. Tambor, Ber., 1916, 49, 1704). Bromination of (I) yielded 3 : 5-dibromo- 
2: 4-dihydroxyphenyl «B-dibromo-8-p-anisylethyl ketone (II). The position of the bromine 
atoms is assigned by analogy with the results of work on alkoxy-derivatives of 2-hydroxy- 
phenyl styryl ketone (see Cullinane and Philpott, J., 1929, 1763; Nadkarni and Wheeler, 
J. University Bombay, 1937, 6, 107); the directive influences of hydroxyl and alkoxyl are 
similar. On treatment with alkali and acetone in the cold, (II) gave 6 : 8-dibromo-7- 
hydroxy-4’-methoxyflavone (see Nadkarni ¢e al., J., 1937, 1800), which was also obtained 
by boiling with acetone alone. 

Tambor (loc. cit., p. 1708) synthesised 2:4-dihydroxyphenyl 4’-hydroxystyryl 
ketone (m. p. 187—188°; 2H,O) from resacetophenone and #-hydroxybenzaldehyde with 
50% potassium hydroxide at the b. p. Shinoda and Ueeda (Ber., 1934, 67, 439) found that a 
similar product, m. p. 185—187°, obtained by condensation of p-carbethoxycinnamoyl 
chloride and resacetophenone, was contaminated with traces of colourless flavanone. 
Repetition of Tambor’s method and also of a modification which involved working in the 
cold gave the chalkone free from flavanone; the crystals, m. p. 202—204°, were the 
monohydrate. The corresponding flavanone, liquiritigenin (7 : 4’-dihydroxyflavanone), 
which had been obtained from the chalkone by the acid method in an impure state by 
Tambor (loc. cit.; m. p. 182—183°; diacetyl derivative, m. p. 175—176°) and in a pure 
state by the Japanese workers (loc. cit.; m.p. 207°; diacetyl derivative, m. p. 184°) was 
readily obtained free from the chalkone with dilute alkali. Hydrolysis of the chalkone 
triacetate with potassium hydroxide solution gave a mixture of chalkone and flavanone ; 
this result indicates that the method of preparing hydroxychalkones by the alkaline 
hydrolysis of the benzoyl derivatives (Russell and Todd, J., 1937, 421) may yield a mixture 
of the chalkone and flavanone. 
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EXPERIMENTAL. 


Condensation of p-Anisaldehyde with Resacetophenone: 2: 4-Dihydroxyphenyl 4-Methoxystyryl 
Ketone (1).—A solution of potassium hydroxide (50 g.) in water (35 c.c.) was gradually added at 
0° to a mixture of p-anisaldehyde (4-3 g.), resacetophenone (5 g.), and alcohol (10 c.c.), which 
was then kept at room temperature out of contact with air for two days, diluted with an equal 
volume of water, and acidified, with cooling, with dilute hydrochloric acid. The resulting 
precipitate (4-5 g.) crystallised from alcohol in orange-red needles, m. p. 194° (lit.; 186°), giving 
a dark violet coloration with alcoholic ferric chloride (Found : C, 71-1; H, 5-1. Calc. for 
C,.H,,0,: C, 71-1; H, 52%). 

Preparation of 7-Hydroxy-4'-methoxyflavone (Pratol)—A mixture of (I) (3 g.), selenium 
dioxide (2 g.), and amyl alcohol (25 c.c.) was heated at 150° under reflux for 12 hours. After 
filtration, amyl alcohol was evaporated in steam. The residue (0-4 g.) crystallised from alcohol 
in colourless needles, m. p. 260—261° (lit., 262°); these gave a green fluorescence, turning blue 
on keeping, with concentrated sulphuric acid. The acetyl derivative had m. p. 174—176° 
(lit., two isomers, 166° and 176°) (Found: C, 69-2; H, 4-8. Calc. for C,,H,,0,: C, 69-7; 
H, 45%). 

1-Hydroxy-4'-methoxyflavonol (Resokaempferide).—A mixture of (I) (2 g.), alcohol (15 c.c.), 
and n/2-alcoholic potash (15 c.c.) was gradually treated with hydrogen peroxide (30%, 6 c.c.) 
with shaking, and kept until the orange colour of the mixture had changed to pale yellow (3 
hours). The whole was diluted with water and acidified with dilute sulphuric acid. The 
precipitated flavonol (0-4 g.) crystallised from alcohol in greenish-yellow needles, m. p. 286—- 
288° (lit., 284°). It gave a green fluorescence with concentrated sulphuric acid, and a violet 
coloration with alcoholic ferric chloride (Found: C, 67-2; H, 4-5. Calc. for C,,H,,0,;: C, 
67-6; H, 42%). 

3 : 5-Dibromo-2 : 4-dihydroxyphenyl a®-Dibromo-B-p-anisylethyl Ketone (II).—This ketone 
(1-4 g.) separated from a solution of bromine (4 g.) and (I) (2 g.) in chloroform (50 c.c.). It 
crystallised from benzene in pale yellow shining needles, m. p. 182—184° (Found: Br, 54-7. 
C,.H,,0,Br, requires Br, 54:4%). 

6 : 8-Dibromo-71-hydroxy-4'-methoxyflavone.—Aqueous potassium hydroxide (20%; 10 c.c.) 
was added at room temperature gradually with shaking to a suspension of the above dibromide 
(1 g.) in acetone (20. c.c.). The whole was kept for $ hour, then diluted with water and acidified 
with dilute sulphuric acid. The precipitate crystallised from alcohol in yellow needles, m. p. 
194°, not depressed when mixed with the compound obtained by boiling the above chalkone 
dibromide with acetone (Found: C, 45-0; H, 2-8; Br, 37-5. C, ,H,,O,Br, requires C, 45-1; 
H, 2-4; Br, 37-6%). 

Condensation of p-Hydroxybenzaldehyde with Resacetophenone. 2:4-Dihydroxyphenyl 4'- 
Hydroxystyryl Ketone——A mixture of ~-hydroxybenzaldehyde (5 g.) and resacetophenone 
(6-25 g.) in alcohol (12 c.c.) which had been treated at 0° with aqueous potassium hydroxide 
(50 g. in 35 c.c. of water) and then kept at room temperature out of contact with air for 3 days 
was diluted with an equal volume of water and acidified, under cooling, with dilute hydrochloric 
acid. The resulting precipitate (2-8 g.) crystallised from dilute alcohol in yellow needles of the 
monohydrate, m. p. 202—204° (lit., ca. 187°) (Found : C, 65-7; H, 5-2; H,O, 6-2. C,;H,,0,,H,O 
requires C, 65-7; H, 5-1; H,O, 6-6%), and gave a dark violet coloration with alcoholic ferric 
chloride; with magnesium powder and hydrochloric acid, it gave a similar colour, which dis- 
appeared in presence of excess of the acid. The acetyl derivative had m. p. 122° (lit., 123°). 
Repetition of Tambor’s method (loc. cit.) gave the above chalkone with m. p. 201—203° 
(monohydrate). 

Preparation of Liquirvitigenin (7 : 4'-Dihydroxyflavanone) from the Corresponding Chalkone.— 
A mixture of aqueous sodium hydroxide (25 c.c.; 2-5%) and the above chalkone (1 g.) in alcohol 
(6 c.c.) which had been heated under reflux for 6 hours was diluted with water and acidified 
with dilute hydrochloric acid. The resulting precipitate separated from dilute alcohol in 
colourless shining plates, m. p. 207—-208° (1H,O) (lit., 182—183°; 207°; 1H,O), and gave a 
violet coloration with magnesium powder and excess of hydrochloric acid; it gave no coloration 
with alcoholic ferric chloride (Found: C, 65-2; H, 5-1; H,O, 6-4. Calc. for C,;H,,0,,H,O : C, 
65:7; H, 51; H,O, 66%). The diacetyl derivative had m. p. 185° (lit., 175—176°; 
184°). 

Hydrolysis of 2: 4-Diacetoxyphenyl 4'-Acetoxystyryl Ketone: Formation of Flavanone and 
Chalkone.—The chalkone triacetate (1 g.) dissolved in alcohol (6 c.c.) was boiled with aqueous 
potassium hydroxide (15 c.c.; 4%) in an atmosphere of coal-gas for 2 hours, and the cooled 
solution was diluted with water and acidified with dilute hydrochloric acid. The resulting 
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precipitate on fractional crystallisation gave both the less soluble 7 : 4’-dihydroxyflavanone 
(m. p. 207—208°) and the more soluble 2: 4-dihydroxyphenyl 4’-«-hydroxystyryl ketone 
(m. p. 202—204°), the identity of both products being confirmed by mixed m. p. determinations 
with authentic specimens. 


Roya INsTITUTE OF SCIENCE, BomBay. [Received, June 28th, 1938.] 





249. Mixed Laterally-halogenated Toluenes. 
By L. S. HEBLE, D. R. NADKARNI, and T. S. WHEELER. 


The preparation of benzylidene chloridebromide, benzodichloridebromide, and benzo- 
chloridedibromide is described. Chlorine and bromine can each displace the other 
from the toluene side chain under suitable conditions. 


BROMINATION of benzyl chloride at 100° gives benzyl bromide, benzylidene chloridebromide, 
and benzylidene bromide; benzylidene chloride with bromine at 120—140° yields benzodi- 
chloridebromide and benzochloridedibromide. Bromination of benzyl bromide at 135° 
gives benzylidene bromide and eventually at 160° benzotribromide; the former product, 
though long known, does not appear previously to have been prepared by the direct action 
of bromine, and the latter has been obtained by heating carbon tetrabromide with benzyl 
or benzylidene bromide (Hunter and Edgar, J. Amer. Chem. Soc., 1932, 54, 2028). 

Chlorination of benzyl bromide at 110° gives benzylidene chloridebromide; at 150— 
160° benzodichloridebromide and benzotrichloride are obtained. It will be observed that 
chlorine and bromine can each displace the other from the toluene. side chain under 
suitable conditions. 

Control of fractionation subsequent to halogenation is facilitated by the observation 
that anhydrous formic acid reacts on heating with di- and tri-w-halogenated toluenes to 
give, respectively, benzaldehyde and benzoic acid, hydrogen halide and carbon monoxide 
being evolved. This reaction can be used as the basis of a convenient method for the 
estimation of side-chain halogen in simple aromatic compounds [Gavankar, Heble, and 
Wheeler, J. Univ. Bombay, 1937, 6 (2), 112]. 


EXPERIMENTAL. 


Side-chain halogen was estimated by the method described by Gavankar, Heble, and 
Wheeler (Joc. cit.), and total halogen by the Carius method. 

Bromination of Benzyl Chloride.—Bromine (250 g.) was slowly added to the halide (200 g.), 
which was heated under reflux in a round flask at 100°; initially reaction was vigorous. When 
bromine fumes had disappeared, heating was continued under water-pump vacuum to remove 
hydrogen bromide, and the liquid was then repeatedly fractionated at 2—3 mm. Fraction- 
ation was facilitated by approximate density determinations, by observation of whether heating 
with formic acid gave benzaldehyde or not, and by qualitative tests for chlorine and bromine. 
There were finally isolated : benzyl bromide (Found: side-chain halogen, 46-5; total halogen, 
47-1. Calc.: side-chain and total halogen, 46-8%); benzylidene chloridebromide, b. p. 92— 
95°/2—3 mm. (Found: side-chain halogen, 55-9; total halogen, 56-3. C,H,ClBr requires 
side-chain and total halogen, 56-2%); and benzylidene bromide (Found: side-chain halogen, 
63-5. Calc.: 640%). The last two compounds gave benzaldehyde (phenylhydrazone con- 
firmation) on being boiled with formic acid. Benzylidene chloridebromide is colourless when 
pure, but rapidly clouds when exposed to air. It irritates the skin, has a pungent smell and 
is lachrymatory. 

Bromination of Benzylidene Chloride——The chloride (100 g.) when treated with bromine 
(100 g.) at 120—140° gave benzodichloridebromide, b. p. 88—94°/1 mm. (Found : side-chain halo- 
gen, 62-7; total halogen, 62-3. C,H,Cl,Br requires side-chain and total halogen, 62-9%), 
and benzochloridedibromide, b. p. 98—103°/1 mm. (Found: side-chain halogen, 68-5; total 
halogen, 68-5, 68-9. C,H,ClBr, requires side-chain and total halogen, 68-7%). Both compounds 
possess a pungent smell and fume when exposed to air; they give benzoic acid with formic 
acid. 

Bromination of Benzyl Bromide.—Benzyl bromide (85 g.) was slowly treated with bromine 
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(80 g.) at 135°. After the mixture had been heated under reflux for 6 hours, samples gave 
benzaldehyde with formic acid and yielded benzylidene bromide on fractionation. A further 
quantity of bromine (80 g.) was added, and after the mixture had been heated at 160° for six 
hours, a sample gave benzoic acid with formic acid. The fraction of b. p. 130—140°/2—3 mm. 
solidified, and after crystallisation from light petroleum had m. p. 60° (Hunter and Edgar, 
loc. cit., give 56—57°) [Found : side-chain halogen, 72-9, 72-6; total halogen, 73-3; M (cryo- 
scopic in benzene), 328, 336. Calc. for C,H,Br,: side-chain and total halogen, 73:0%; M, 
329]. 
ee of Benzyl Bromide at 110°.—Bromine fumes were evolved on passing chlorine into 
the bromide; after 4 hours the liquid was fractionated, and benzylidene chloridebromide 
(properties described above) was isolated (Found : side-chain halogen, 55-9%). When chlorin- 
ation was performed at 150° for 7 hours, the liquid still gave benzaldehyde with formic acid. 
After chlorination had been continued for a further 4 hours at 160°, a sample gave benzoic 
acid with formic acid. Fractionation then yielded benzotrichloride (Found : side-chain halogen, 
54-0. Calc.: 54-5%) (confirmed by b. p., by formation of benzoic acid with formic acid, by 
qualitative absence of bromine, and by density) and benzodichloridebromide (Found: total 


halogen, 63-1%). 
The authors’ thanks are due to Miss K. D. Gavankar for assistance with analyses. 


Roya INSTITUTE OF SCIENCE, BoMBAY. [Received, June 28th, 1938]. 
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cycloPentane, cycloHexane, cycloHeptane, and some Derivatives. 
The Multiplanar Structure of the Methyleyclohexane Ring. 


By ARTHUR I. VOGEL. 


The surface tensions and densities over a range of temperatures, and the refractive 
indices for the C, D, F, and G lines at 20° have been measured for pure cyclopentane, 
methylcyclopentane, cyclohexane, methylcyclohexane, cycloheptane, and the related. 
ketones, alcohols, and unsaturated hydrocarbons, together with a number of methylene 
compounds. The parachors, molecular refractivities, dispersions, and molecular 
refraction coefficients have been evaluated. Several forms of methylcyclohexane have 
been isolated; this provides evidence for the multiplanar structure of the simple 
cyclohexane ring. 


In continuation of the work described in Parts I and II (J., 1934, 333, 1758), the above 
physical properties have been measured for the compounds enumerated. The comparison 
of the observed with the theoretical values must await new data now being obtained, for 
there is some uncertainty in the values for the structural and atomic parachors and possibly 
in those for the refractivities. For example, for CH,, C, and H respectively the recorded 
parachors are: 39-0, 4-8, and 17-1 (Sugden, J., 1924, 125, 1180); 40-0, 9-2, and 15-4 (Mum- 
ford and Phillips, J., 1929, 2112); 40-3, 11-5, and 14-4 (Vogel, Part II, loc. cit.). 

The method adopted for the preparation of the pure hydrocarbons consisted in reducing 
the pure ketone to the secondary alcohol by means of sodium and moist ether, dehydrating 
the alcohol with phosphoric oxide, and reducing the resultant unsaturated hydrocarbon 
with Adams’s platinum catalyst and hydrogen. The constitutions of the unsaturated 
hydrocarbons from cyclopentanol, methylcyclopentanol, and cyclohexanol thus prepared 
are unambiguous, but, contrary to the statement of Harries and:Tank (Ber., 1908, 41, 1709), 
cycloheptanol yielded a mixture of cycloheptene and a methyleyclohexene (see Experi- 
mental). Pure cycloheptane was ultimately prepared according to the scheme : 


cycloHeptanol R.»..% cycloheptyl bromide shown 8 cycloheptene a cycloheptane 


The dehydration with phosphoric oxide of 2-, 3-, and 4-methyleyclohexanols gave largely 
two methylcyclohexenes, almost identical products being obtained from the 3- and the 


4R 
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4-methyl compound. These two differed from 1-methyl-Al-cyclohexene produced by the 
facile dehydration of 1-methyleyclohexanol with a little iodine. It would therefore appear 
that 2-methyleyclohexanol yields chiefly the A*-compound, but 3- and 4-methylcyclo- 
hexanols yield largely the A*-compound. There is some uncertainty in the literature 
concerning the pure A*-compound, but the physical properties (density and refractive index) 
of the pure A!-compound (compare Wallach, Annalen, 1908, 359, 298; v. Auwers, ibid., 
1915, 410, 300; Nametkin and Jarzew, Ber., 1923, 56, 1803) and of the A*-hydrocarbon 
(Nametkin and Brussov, ibid., p. 1807) appear to be well established. The ready isomeris- 
ation of the methylcyclohexenes in the presence of the various dehydrating agents employed 
by other workers doubtless accounts for the diverse boiling points, densities, and refractive 
indices recorded (v. Auwers, Joc. cit.). It would seem that, if appreciable isomerisation 
occurred in the presence of phosphoric oxide, then the same mixture should be obtained in 
every dehydration with this reagent; this, however, was not the case. Experiments are in 
progress with a view to prepare the pure unsaturated hydrocarbons by the method used for 
cycloheptene, and also to establish their constitution and homogeneity by ozonolysis and 
other means. 

cycloPentene, methyleyclopentene, cyclohexene, and cycloheptene were readily reduced 
in alcoholic solution with Adams’s platinum catalyst and hydrogen, although the velocity 
of hydrogenation varied with the compound (cf. Godchot, Bull. Soc. chim., 1934, 1, 
1157). With the methyleyclohexenes from 2-, 3-, and 4-methylcyclohexanols, 60—80% 
reduction occurred in about 30 hours, after which the reaction became extremely slow; 
to obtain complete reduction it was necessary to remove the alcohol and continue the 
reduction in the absence of a solvent. Satisfactory reduction of 1-methyl-A!-cyclohexene 
could only be carried out in the absence of a solvent and was complete after 84 hours. 

The most remarkable results were obtained with the methylcyclohexenes. The same 
methyleyclohexane was produced from the A!-compound and from the dehydration products 
of 3- and 4-methylcyclohexanols; for the first-named, which was undoubtedly homo- 
geneous, the methyleyclohexane (A) had dj® 0-7704, ng 1-42167, n>” 1-42410, np” 
1-42915, ng" 1-43301. The methylcyclohexane (B) from 2-methylcyclohexanol had dj** 
0-7679, nz 1-42081, n>” 1-42306, n° 1-42839, nz 1-43230; upon standing at room 
temperature for several days, or more rapidly upon warming for a short time at 40—60°, 
this yielded an apparently stable form (B’) with d?” 0-7694, n?”® 1-42093, n? 1-42316, 
n° 1-42846, n2°* 1-43250. The existence of two seemingly stable, (A) and (B’), and 
one unstable form (B), of the methylcyclohexane ring provides definite experimental 
evidence for the multiplanar structure of the ring. The problem as to which of these 
represents the “ chair’”’ or “ Z,’’ “‘ boat’ or ‘“‘C”’ forms, or mixtures of these two will 
be discussed when experiments now in progress have been completed. Meanwhile, it is 
necessary to point out that these physical properties differ considerably from those of 
ethylcyclopentane for which Eisenlohr (Fortschr. Chem. Physik, 1925, 18, Heft 9, p. 23) 
gives b. p. 100-5—101-0°/756 mm., d@ 0-7610, nZ 1-41612, ng 1-41840, nz” 1-42332, 
n> 1-42798. Furthermore, Cohen (Proc. Roy. Acad. Amsterdam, 1934, 37, 532), on the 
basis of geometrical analysis, has suggested two configurations for cyclohexane, one 
“ fixed,” represented by the “‘Z”’ modification, and the other “ mobile,” having an 
infinite number of modifications, of which the “ C ” form is one. 

Qudrat-i-Khuda’s claim (J. Indian Chem. Soc., 1931, 8, 277; Nature, 1935, 136, 301) 
that 4-methylcyclohexane-1-acetic-2-carboxylic acid could be obtained in four forms was 
not confirmed by Goldschmidt and Grafinger (Ber., 1935, 68, 279), and Dey and Linstead (J., 
1935, 1063) have shown that his second form of $$-dimethylcyclohexanone (Nature, 1933, 
132, 210) is in reality 2 : 4: 4-trimethylcyclopentanone, a molecular rearrangement. having 
taken place in the Clemmensen reduction of the dimethyldihydroresorcinol. It seems very 
probable that one of the alleged acetylcyclohexanes obtained by Zelinsky and Tarassowa 
(Annalen, 1934, 508, 115) by the action of aluminium chloride or bromide and acetyl 
chloride upon cyclohexane, followed by catalytic reduction with platinum-black in methyl- 
alcoholic solution, contains or is a methylacetylcyclopentane for the following reasons : 
(i) cycloHexane when heated with aluminium chloride at 80° passes into methylcyclopentane 
(Zelinsky and Turowa-Pollak, Ber., 1932, 65, 1171). (ii) The physical properties do not 
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differ markedly from those of 1-acetyl-2-methylcyclopentane, as can be seen from the 
following table : 


: a M. p. of 
Substance. B. p. ay : nv é semicarbazone. 
Acetylcyclohexane (form A) ...........++++ 63°/13 mm. 0-9012 1-4438 150—151° 
Acetylcyclohexane (form B) ............++. 76—76-5/27 mm. 0-9117 1-4470 171—172 
1-Acetyl-2-methylcyclopentane ......... 59-8—60/15 mm. 0-8983 1-4420 162 


(iii) No evidence is presented as to the source or homogeneity of the cyclohexane employed. 

Furthermore, Miller and Adams (J. Amer. Chem. Soc., 1936, 58, 787) were unable to 
isolate more than one form of 4 : 4-dimethyleyclohexane-1 : 1-diacetic or -1-carboxylic-1- 
acetic acid or 4-methylcyclohexane-1 : 1-diacetic acid in spite of an exhaustive search. 
It would therefore appear that the author’s results supply the first direct experimental 
evidence for the existence of the simple cyclohexane ring in multiplanar forms. Mention 
must be made of the fact that the dipole moment of cyclohexa-1 : 4-dione, determined in 
benzene solution, has been found to be 1-6 D. by Hassel and Naeshagen (Tids. Kjemi Berg., 
1930, No. 7) and 1:3. by Le Févre and Le Févre (J., 1935, 1696). According to the 
calculations of the latter authors, these results indicate that in benzene solution an equili- 
brium exists between the “‘ cis-’’ and the “ trans-”’ strainless form, and that the proportion 
of the “‘ cis-’’ form is 9—15%. No separation of the two forms was, however, effected. 
The literature reveals variations in the physical properties of methylcyclohexane prepared 
by different methods : 


Method.* B. p. Density. Refractive index. 

1 101° ad” 0-7693 = np" 11-4243 

2 103°/760 mm. ae 0-7662 nb’™ 1-41705 

3 101°/757 mm, dx" 0-7695 np 1-4230 

4 100°/770 mm. ad 0-7736 = na" 1-42365, nite 1-42590, ng” 1-41320, n>” 1-43651 
5 99-5—100-0°/759 mm. 0:7708 m2” 1-42175, ng. 1-42390, ng” 1-42931, ne” 1.43367 
6 100°/770 mm. 0-7725 2°” 1-42265, nize 1-42500, np 1-43040, ny" 1-43470 
7 100°/780 mm. 0-7735 n2’” 1-42355, nz. 1-42590, np ” 1-43130, ny” 1-43561 
5 101-2° d’™ 0-77340 na’ 1-42305, np 1-42535, nye 1-42550, ni 1-43072 


d°™ 0-76030 ny” 1-43510 


* (1) From iodo-3-methylcyclohexane and HI (Zelinsky, Ber., 1897, 30, 1538). (2) From bromo- 
methyleyclohexane with zinc dust and HOAc (Knoevenagel, Annalen, 1897, 297, 159). (3) From 
3-methylcyclohexanonehydrazone and solid KOH (Kishner, Centr., 1911, ii, 363). (4) From pure 
toluene with Pt-black and H, in HOAc (Eisenlohr, /oc. cit.). (5) From cyclohexanone and Mel, etc. 
(idem, ibid.). (6) From p-methylcyclohexanonesemicarbazone and NaOEt (idem, ibid.). (7) From 
o-methylcyclohexanonesemicarbazone and NaOEt (idem, ibid.). (8) Source not stated (Timmermans 
and Martin, J. Chim. physique, 1926, 28, 761). 


It is possible that a partial explanation of the differences is to be found in the preponderance 
of one or other of the multiplanar forms. 


EXPERIMENTAL. 


Details of the preparation of the various pure compounds are given below. All operations 
were conducted in Pyrex vessels, and the final distillations were carried out in all-Pyrex apparatus 
fitted with interchangeable ground-glass joints. Middle constant-boiling fractions were separ- 
ately collected for the physical measurements, and kept in Pyrex test-tubes which had been 
thoroughly cleaned with chromic acid mixture, washed with distilled water, and dried at 120°. 

The refractive indices and dispersions at 20-0° and also the surface tensions and densities 
over a range of temperatures were measured as described in Part II (/oc. cit.) ; for a temperature 
of ca. 41° redistilled methylene chloride was used. Three surface-tension apparatus, A, B, and C, 
were employed, the constants of which, when determined with pure benzene, were 1-8725, 
2-3449, and 2-4827, respectively. 

In the tabulated results, ¢ is the temperature, h the observed difference in height (in mm.) 
in the two arms of the U-tube, H the corrected value, dj. the density (calculated from the 
observed densities by assuming a linear variation with temperature), y the surface tension 
(dynes/cm.) computed from the equation y = KHd, P the parachor, M the molecular weight, 
and Mn? the molecular refraction coefficient. The parachor was calculated in the usual way, 
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allowance for the density of the vapour being made when the temperature of measurement was 
within 60° of the b. p.; the density of the vapour was evaluated by Sugden’s method (J., 1925, 
127, 1540). The number in parenthesis following the value of +9. is the temperature coefficient 
of the surface tension. All measurements of the refractive indices were carried out at 20-0° + 
0-05°. The following abbreviations are employed: di’ for d?*"; Mn? for Mn?’; Ro, Rp, 
Ry, Rg, for [Rz]c, [Rz)p, [Rz)r, and [R,)q respectively. 

Assistance in the preparations and measurements marked with an asterisk was given by 
Mr. R. J. Tudor, M.Sc., A.I.C. The new values for the surface tensions, densities, and parachors 
for some of the various ketones replace those previously published (Vogel, J., 1928, 2029; Vogel 
and Oommen, J., 1930, 770; Vogel, J., 1931, 1801); greater care was taken with the purification, 
and the final distillation was conducted in an all-Pyrex glass apparatus. Godchot (collected 
results in Bull. Soc. chim., 1934, 1, 1153) determined, inter alia, di$3:, niga, Mp > Yisee for a 
number of unsaturated and saturated alicyclic hydrocarbons, but did not give full details of the 
purity of the starting materials; his parachor was computed from one determination at 13-5°. 

* cycloPentanone.—This was prepared from adipic acid, m. p. 151—152° (Vogel, J., 1929, 
727), and purified through the semicarbazone, m. p. 206° (ex alcohol), from which the ketone 
was regenerated in this and the following cases with oxalic acid. M = 84-11; b. p. 129°/756 
Mmm.; M% 1-43452, mp 1-43680, np, 1-44243, ng 1-44652; Ro 23:20, Rp 23-31, Rp 23-56, Rg, 
23-75; Rg_o 0:55, Rp_o 0°36; Mn?’ 120-85. Densities determined: 42° 0-9450, d$** 0-9075, 
a? * 0-8857. 

Yoo = 33°31 (0-11). Apparatus A. 
t. h. H. de. y: P. t. h. H. die. y. P. 
23-0° 18-93 18-69 0-9423 32-98 213-9 86-5° 15-91 15-67 0-8865 26-01 214-2 
64-1 17°05 16-81 0-9078 28-57 214-2 Mean 214-1 


(Wallach, Annalen, 1907, 358, 331, gives b. p. 129°, d®” 0-948, n3” 1-4366; v. Auwers, 
Hinterseber, and Treppmann, ibid., 1915, 410, 281, give b. p. 130-0—130-4°, di7® 0-9513, ni7®* 
1-43535, ni7®* 1-43757, ny 1-44340, n’”* 1-44820; Vogel, J., 1928, 2030, gives b. p. 129-5°/ 
761-5 mm., dif 0-9524, ni**" 1-4383, P 214-2.) 

* 3-Methylcyclopentanone.—The ketone, b. p. 143—144°, from pure $-methyladipic acid 
(cf. Part II, Joc. cit.) was purified through the semicarbazone, m. p. 185—186° (ex alcohol) ; 
b. p. 144°/770 mm.; M = 98-14; mg 1-43153, mp 1-43360, ny 1-43941, ng 1-44353; Ro 27-86, 
Ry 27-97, Rp 28-30, Ry, 28-53; Rg_o 0-67, Rp_o 0-44; Mn 140-69. Densities determined : 
ad’ 0-9129, df? 0-8751, df 0-8524. 

Yo = 29-72 (0-10). Apparatus A. 
t h. H. de. y. P. t. h. H. de. y. P 


21-3° 17-67 17-33 00-9117 29-59 251-1 87-0° 14-77 1453 08529 23-21 251-4 
62-2 15:89 15-65 0-8754 25-65 252-3 Mean 251-6 


(Wallach, Annalen, 1912, 394, 371, gives b. p. 144—144-5°, d® 0-913, mp 1-4329; Vogel, J., 
1931, 1800, gives b. p. 143-5—144°/759 mm., d}?*" 0-9155, P 252-7.) 

* cycloHexanone.—The purest commercial ketone was purified through the semicarbazone, 
m. p. 165° (ex methyl alcohol); b. p. 155°/763-5 mm.; M = 98-14; mg 1-44737, mp 1-44977, 
Ny 1-45563, ng 1-45995; Ro 27-75, Rp 27-87, Ry 28-19, Rg 28-42; Rg_o 0°67, Rp_o 0°44; 
Mn" 142-28. Densities determined: d}" 0-9455, d{t® 0-9077, di? 0-8876. 


Yoo: = 35-32 (0-13). Apparatus A. 
t. h. H. di. y. P. t. h. H. de. y- P. 
20-7° 20:15 19-91 0-9449 35-23 25-30 86-9° 16-54 16:30 0-8882 27-10 262-1 
62-8 17-58 17-34 0-9091 29-52 261-5 Mean 252-2 


(Wallach, Annalen, 1907, 358, 331, gives b. p. 155°, d™” 0-947, n>" 1-4503: v. Auwers, Hinter- 
seber, and Treppmrann, Joc. cit., give b. p. 156-6—156-8°, d}?* 0-9503, mi** 1-45024, ni* 1-45261, 
ny* 1-45859, ny* 1-46370; Vogel, loc. cit., gives b. p. 47°/15 mm., d'* 0-9488, np” 1-4521, 
P 251-4. 

° A ae 2-, 3-, and 4-methylcyclohexanones were prepared for this 
research by Messrs. Howards from the chemically pure cresols. The 2-methy]l ketone had b. p. 
164°/770 mm. and was purified through the semicarbazone, m. p. 196° (ex rectified spirit). 
B. p. 165°/764 mm.; M = 112-17; mg 1-44527, np 1-44766, my 1-45340, ng, 1-45759; Ro 32-37, 
Rp 32-51, Rp 32°87, Rg 33-13; Rg—o 0°76, Rp_c 0-50; Mnz” 162-13. Densities determined : 
a?’ 0-9231, di?* 0-8896, df? 0-8715. 
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Yoo = 32-05 (0-10). Apparatus B. 

t. h. H. de. y: P. t. h. H. de. y- P. 
22-1° 14:97 14-73 0-9214 31-83: 289-1 86-9° 12-58 12-34 0-8689 25-14 289-1 
61-6 13-51 13-27 0-8903 27-70 289-1 Mean 289:1 

(Wallach, Annalen, 1906, 346, 251, gives b. p. 165°, d?!* 0-923, n2!* 1-4461; Sabatier and 
Mailhe, Aun. Chim., 1907, 10, 527, give b. p. 162—163°, di3° 0-935, ni 1-454; v. Auwers, 
Hinterseber, and Treppmann, Joc. cit., give b. p. 167°/740 mm., di*® 0-9300, ni*® 1-44827, ni*® 
1-45049, np** 1-45653, ni*® 1-41635; v. Auwers and Lange, Annalen, 1915, 410, 319, give b. p. 
164—165°, d2°° 0-924, un? 1-4493; Eisenlohr, Joc. cit., gives b. p. 165°/757 mm., d7*" 0-9240, n2” 
1-44481, ny 1-44747, nz” 1-45332, 3” 1-45845; Vogel and Oommen, J., 1930, 774, give b. p. 
165°/757 mm., di? 0-9255, nl 1-4484, P 288-2.) 

* 3- Methylcyclohexanone.—Howards’ product, b. p. 168—169°/770 mm., was purified through 
the semicarbazone, m. p. 191° (ev methyl alcohol). B. p. 169°/762 mm.; M = 112-17; n> 
1-44301, mp 1-44566, ny 145127, ng 1:45565; Ro 32-48, Rp 32-65, Ry 33-01, Rg 33-29; Rg_o 
0-81, Rp_¢ 0°53; Mn? 162-16. Densities determined: 4?” 0-9155, d{?*° 0-8815, d{** 0-8641. 

Yoo = 31-33 (0-10). Apparatus B. 

t. h. H. de. y- P. t. h. H. di. y- P. 
21-3° 14-79 14:55 0-9145 31-20 289-9 85-8° 12-46 12-22 0-8650 25-2 290-8 
60-8 13-37 13-13 0-8826 27-17 290-2 Mean 290-3 

(Wallach, Annalen, 1896, 289, 339, gives b. p. 169°, d*” 0-915, nj 1-4456; Knoevenagel, 
ibid., 1897, 297, 155, gives b. p. 169—170°, d}?* 0-9213, nj?* 1-44174; Sabatier and Mailhe, Joc. 
cit., give b. p. 169°/765 mm., di‘ 0-930, n}* 1-454; v. Auwers, Hinterseber, and Treppmann, 
loc. cit., give b. p. 60—60-2°/15 mm., 3% 0-9139, n°" 1-44092, n° 1-44313, n°" 1-44914, 
n2°'8" 1-45394; Eisenlohr, Joc. cit., gives b. p. 170-5°/755 mm., dj” 0-9182, n%” 1-44270, nz, 
1-44526, nj” 1-45122, nm 1-45598; Vogel and Oommen, /oc. cit., give b. p. 169°/747-5 mm., 
di87 0-9151, ni’™ 1-4463, P 290-0.) 

- * 4-Methylcyclohexanone.—Howards’ product, b. p. 170—171°/770 mm., was purified through 
the semicarbazone, m. p. 197° (ex methyl alcohol-ethyl alcohol, 1:1). B. p. 170°/761 mm.; 
M = 112-17, mo 1-44290, np 1-44506, np 1-45081, mq 145509; Ro 32°51, Rp 32-65, Ry 33-01, 


Rg 33-29; Rao 0°78, Rp_co 0°50; Mn?’ 162-10. Densities determined: d?° 0-9145, d{?* 
0-8832, d2*" 0-8269. 


Yoo = 30-94 (0-09). Apparatus B. 
t. h. H. dy. y- P. t. h. H. di. y- P. 
23-2° 14-57 14-33 0-9120 30-65 289-4 86-1° 12-48 12-24 0-8627 24-76 290-0 
60-5 13-37 13:13 0-8835 27:20 289-9 . Mean 289-8 
(Wallach, Annalen, 1905, 346, 251, gives b. p. 169—171°, d2* 0-914, n2 1-4435; Sabatier 
and Mailhe, Joc. cit., give b. p. 169-5°/760 mm., dj?" 0-9235, n}*° 1-452; Haller, Compt. rend., 
1913, 157, 743, gives b. p. 170°/760 mm., d?° 0-9132, 12” 1-4458; v. Auwers, Hinterseber, and 
Treppmann, Joc. cit., give b. p. 55-8—56-4°/10-5 mm., d?#* 0-9119, n2** 1-44092, ni 1-44322, 
ng** 1-44918, n}** 1-45413; v. Auwers and Kolligs, Ber., 1922, 55, 45, give b. p. 169-2°, Sl 
0-91685, ni®* 1-44285, ni? 1-44509, ng 1-45110, n™®® 1-45595; Eisenlohr, Joc. cit., gives, 
inter alia, b. p. 171-5°/750 mm., dZ" 0-9128, nZ"° 1-44099, nq, 1-44346, ng” 1-44924, mn” 1-45401; 
Vogel and Oommen, Joc. cit., give b. p. 171°/747 mm., di?* 0-9159, n}®* 1-4455, P 289-6.) 

cycloHeptanone.—Suberic acid, m. p. 140—141°, is slowly distilled with iron filings and a 
little baryta (Vogel, J., 1928, 2034); there is a vigorous evolution of hydrogen during the first 
three hours, due to the formation of the iron salt; it is advisable to attach a long glass tube 
to the side arm of the cooled filter-flask acting as receiver and to pass it directly into the exhaust 
pipe of the fume chamber. The distillate was added to excess of saturated sodium bisulphite 
solution, shaken vigorously, the separated solid collected after 12 hours, and washed with 
alcohol and ether. The ketone was regenerated from the bisulphite compound with sodium 
hydroxide solution, well washed with water, dried (anhydrous sodium sulphate), and distilled. 
B. p. 180°/760 mm.; M = 112-17; mg 1-45725, mp 1-45976, ny 1-46575, ng, 1-47306; Ro 32-21, 
Ry 32-36, Ry 32-52, Rg 33:00; Rg_o 0:79, Ryo 0-31, Mn?’ 163-75. Densities determined 
(J., 1928, 2030) : d?° 0-9491, df" 0-9160, d§f* 0-8954. 

Yoo = 34-70 (0-11). Apparatus B. 
t. h. H. di. y- P. t. h. H. die. 


y- 
15-5° 15-99 15-75 0-9527 35-19 286-7 86-0° 13-48 13-24 0-8960 27-82 
61-2 14:28 14:04 0-9164 30-17 286-9 
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(Wallach, Annalen, 1907, 358, 331, gives b. p. 180°, d*” 0-9500, nj’ 1-4604; v. Auwers, 
Hinterseber, and Treppmann, Joc. cit., give d?* 0-9495, nZ**” 1-45801, nj'® 1-46027, nj?” 
1-46646, n3** 1-47149; Vogel, loc. cit., gives b. p. 181°/769 mm., di 0-9526, ny” 1-4635, P 
288-0.) 

* trans-8-Decalone.—The ketone, b. p. 117°/16 mm., from pure trans-8-decalol (cf. Part II, 
loc. cit.) was purified through the semicarbazone, m. p. 192—193° (ex alcohol). B. p. 117°/16 
mm.; M = 152-23; mg 1-48015, mp 1-48282, ny, 1-48922, mg 1-49384; Ry 44:18, Rp 44-38; 
Ry 44°88, Rg 45°24; Rg_o 1:06, Ry_o 0°64; Mn?” 225-73. Densities determined: d?" 0-9792, 
as?” 0-9485, d8S°" 0-9312. 

Yoo = 36-16 (0-10). Apparatus A. 


t. h. H. d‘. y- P. t. h. H. dy. y. P. 
185° 20-02 19-78 0-9804 36-31 381-2 86-4° 17-43 17:19 0-9306 29-95 382-7 
61-2 18:36 18-12 0-9481 32-17 382-4 Mean 382-1 


(Hiickel, Annalen, 1925, 441, 20, gives b. p. 126°/30 mm., dj?" 0-9797, ni~’ 1-48088; Rao, 
J., 1929, 1961, b. p. 117°/16 mm., d??” 0-97624, n7?*" 1-48337; Vogel, loc. cit., b. p. 106°/12 mm., 
di?™ 0-9800, nj" 1-4843, P 382-4.) 

trans-Hexahydro-B-hydrindone.—The ketone, b. p. 91—92°/13 mm., from trans-cyclohexane- 
1 : 2-diacetic acid, m. p. 167° (cf. Part II, Joc. cit.), was purified through the semicarbazone, m. p. 
242° (ex alcohol). B. p. 92°/13 mm.; M = 138-20, ng 1-47429, up 1-47686, ny 1-48316, ng. 
1-48782; Ro 39-70, Rp 39-88, Ry 40°33, Rg 40-66; Rg_o 0:96, Rp_c 0-63; Mn’ 204-11. Den- 
sities determined : 422° 0-9791, d$?" 0-9463, d§$° 0-9298. 


Yoor = 35-13 (0-10). Apparatus A. 


t. h. H. de. y. P. t. h. H. di. y. P. 
24-9° 19-23 18-99 0:9742 34-64 344-2 86-9° 16-84 16-60 0-9291 28-88 344-9 
64-2 17-64 17-40 0:9458 30-81 344-3 Mean 344:5 


(Hiickel and Friedrich, Annalen, 1926, 451, 132, give b. p. 98°/19 mm., di? 0-9807, nj? 
1-47687; Kandiah, J., 1931, 922, gives b. p. 90°/11 mm.; dj® 0-9815, n}® 1-47692.) 

Methylenecyclopentane.—This was prepared by the catalytic decomposition of pure cyclo- 
pentane-l : 1-diacetic acid (Vogel, J., 1933, 1030), and fractionated oversodium. B. p. 75—76°/ 
760 mm.; M = 82-14; ng 1-42808, mp 1-43078, ny 143743, mq 144257; Rg 27-15, Rp 27-29, 
Ry 27-66, Rg 27:94; Rg_o 0-79, Rp_o 0°51; Mn?” 117-80. Densities determined: 42% 0-7787, 
dit* 0-7518. 

Yoo = 24-36 (0-11). Apparatus C. 


t. h. H. di. y: .P. t. h. H. de. y- P. 
20-8° 12-81 12:57 0-7778 24:27 2346 42-7° 11-96 11-72 0-7541 21-94 236-0 
Mean 235-3 


(Wallach, Annalen, 1906, 347, 325, gives b. p. 78—81°, d™” 0-78, n}®* 1-4355.) 

Methylenecyclohexane.—This was prepared by the thermal decomposition of pure cyclo- 
hexane-1 : 1-diacetic acid (Vogel, J., 1933, 1030), and repeatedly fractionated over sodium. 
B. p. 102—103°/764 mm.; M = 96-17; mo 1-44916, mp 1-45227, np 1-45973, ng 1-46567; 
Ro 31-96, Rp 32-15, Rg 32°97; Rg_—o 1-01, Rp_o 0°64; Mn?" 139-67. Densities determined : 
di" 0-8074, d{}* 0-7867, dit 0-7704. 


Yoor = 25-68 (0-11). Apparatus A. 


t. h. H. di. y P. t. h. H. dv. y- P. 
17-5° 17-36 17-12 0-8097 25-96 268-1 615° 14-94 14:70 0-7699 21:19 268-3 
40-9 16-16 15-92 0-7872 23-47 269-1 Mean 268-5 


(Wallach, Aunalen, 1906, 347, 329, gives b. p. 105—106°, d” 0-8025, n?” 1-4501; v. Auwers 
and Ellinger, ibid., 1912, 887, 200, give b. p. 104°/749 mm., d2°° 0-7992, n?* 1-4502; v. Auwers, 
Hinterseber, and Treppmann, /oc. cit., give, inter alia, b. p. 102-5°/756 mm., di?®* 0-8034, ni7®* 
1-44803, nj* 1-45092, n}’* 1-45820, n™”* 1-46430; Rosanow, Cenir., 1924, i, 2425, gives b. p. 
103—104°, d2®° 0-8032, »?° 1-4528; Alexandrovitch, Centr., 1933, ii, 2261, for compound from 
cyclohexylearbinol through the xanthate, gives b. p. 101—102°/760 mm., dj 0-8034, n” 
1-4490.) 

* 1-Methyl-3-methylenecyclohexane.—This was prepared by the thermal decomposition of 
pure 3-methylcyclohéxane-1 : 1-diacetic acid, m. p. 140—141° (unpublished observation), and 
had b. p. 123—124°/762 mm. after two distillations over sodium. M = 110-19; mg 1-44337, 
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Ny 144626, ny 1-45336, mg 1-45887; Ro 36-98, Rp 37:19, Ry 37-70, Rg 38-10; Rg_o 1:12, 
Ry_o 0°72; Mn 160-67. Densities determined : d3° 0-7970, dj?" 0-7778, d{}* 0-7610. 


Yor = 24-72 (0-10). Apparatus B. 


t. h. H. de. y. P. t. h. H. de. y. P. 
16-3° 13-61 13-37 0-8003 25-09 310-7 61-5° 11-80 11-56 0-7614 20-64 311-2 
42:1 12-60 12:36 0-7778 22-54 311-2 Mean 311-0 


(Wallach, Anunalen, 1906, 347, 342, gives b. p. 123—124°, d?° 0-794, n>” 1-4461.) 

* 1-Methyl-4-methylenecyclohexane.—This was prepared by the decomposition of 4-methyl- 
cyclohexane-1 : 1-diacetic acid, m. p. 158°, in the presence of iron filings and a little baryta 
(unpublished observation), and after two distillations over sodium had b. p. 124—125°/772 mm. 
M = 110-19; mo 144339, np 1-44626, my 1-45338, ng 1:45890; Ry 36-94, Rp 37-07, Ry 37-58, 
Rg 37:97; Rg—o 1:03, Rp_o 0-64; Mn?” 160-67. Densities determined: d?" 0-7996, 
0-7634, ase * 0-7412. 

Yoo = 24-72 (0-10). Apparatus B. 


t. h. HR. die. y- P. t. h. H. de. y: P. 
159° 13-58 13-34 0-8033 25:13 3096 87-3° 10-66 10:42 0:7407 18:10 310-1 
60-9 11-79 11-55 07634 20-68 310-5 Mean 310-1 


(Perkin and Pope, J., 1911, 99, 1514, give b. p. 122°, di§: 0-7923, n}®° 1-4465; Alexandrovitch, 
loc. cit., for compound from 4-methylcyclohexylcarbinol through ‘the xanthate, gives b. p. 
120—121°/750 mm., d3°° 0-7945, n° 1-4483.) 

* 2- Methylene-trans- -decalin.—This was prepared by the thermal decomposition of pure 
tvans-decahydronaphthalene-2 : 2-diacetic acid (Tudor and Vogel, J., 1934, 1252) and frac- 
tionated over sodium. B. p. 82—82-5°/10 mm.; M = 150:25; mg 1-48398, mp 1-48695, np 
1-49448, mg 150047; Ro 48°31, Rp 48°57, Ry 49-20, Rg 49-71, Rg_o 1:40, Rp_o 0:89; Mn?" 
223-42. Densities determined: 422° 0-8897, d§?° 0-8577, d§?*° 0-8415. 


Yoo = 30-86 (0-09). Apparatus A. 


t. h. H. dy. y: P. t. h. H. dee. Ye P. 
20-5° 18-74 18-50 0-8893 30-81 398-1 84-9° 16:02 15-78 0-8417 24:87 398-7 
61-2 17-02 16-78 08594 26-99 398-7 Mean 398-5 


(Tudor and Vogel, Joc. cit., give b. p. 82—82-5°/10 mm., 428” 0-8897, n?° 1-4870.) 

* 2-Methylene-trans-hexahydrohydrindene.—This was prepared by the thermal decomposition 
of pure tvans-hexahydrohydrindene-2 : 2-diacetic acid and fractionated over sodium. B. p. 
59—60°/9-5 mm.; M = 136-23; mo 1-46921, mp 1-47204, mp 1-47902, ng 148436; Ry 43-81, 
Ry 44:05, Ry 44:59, Rg 45-02; Rg_o 1:21, Rp_o 0°78; Mn? 200-53. Densities determined : 
d*" 0-8663, d§?* 0-8347, d$* 0-8163. 


Yor = 28-83 (0-09). Apparatus A. 


t. h. H. di. y. P. t. h. H. di. y: P. 
21-3° 17-96 17-72 0-8653 28-71 364-5 855° 15-16 14-92 0-8165 22-81 364-7 
63-0 16:24 16-00 0-8339 24-98 365-2 Mean 364-8 


(Tudor and Vogel, Joc. cit., give b. p. 59—60°/9-5 mm., d?*" 0-8663, n}”" 1-4720.) 

cycloPentanol.—60 G. of cyclopentanone, purified through the bisulphite compound, were 
mixed with 300 c.c. of ether and 300 c.c. of water in Pyrex 3-litre round-bottomed flask provided 
with a long reflux condenser with a wide inner tube. The flask was cooled in running water, and 
72 g. of sodium were added slowly during 5 hours. The white solid which separated at first 
passed into solution upon vigorous shaking. After a further 12 hours, all the sodium had reacted, 
the ethereal layer was removed, the aqueous layer saturated with ‘‘ AnalaR ”’ sodium chloride, 
and extracted twice with ether. The combined ethereal solutions were washed with water, dried 
(anhydrous sodium sulphate), and distilled; cyclopentangl (25—30 g.) passed over at 138—139°, 
and a yellow viscid liquid (cyclopentylcyclopentanol, 20—-25 g.) remained in the flask. The 
cyclopentanol was tested with semicarbazide acetate but no trace of ketone could be detected. 
Upon redistillation from a fractionating Claisen flask, it boiled constantly at 139°/760 mm. 
M = 86-13; mo 1:45087, mp 1-45317, mp 1-45863, mg 1-46271; Re 24:46, Rp 24:57, Ry 24-82, 
R, 25:01; Rg o 0°55, Ry_¢ 0°36; Mn?” 125-16. Densities determined: d? 0-9478, di?“ 
0-9138, d’?° 0-8925. 
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Yoo = 32°14 (0-08). Apparatus A. 
t. h. H. dy. y- P. t. h. H. dy. y- P. 


21-0° 18:32 18:08 0-9470 32:06 216-4 86-6° 16-04 15-80 00-8928 26-41 218-7 
62-0 17-11 16-87 0-9149 28:90 218-3 Mean 217-8 


(Wislicenus and Hentzschel, Annalen, 1893, 275, 322, give b. p. 139°, d?™ 0-9395; v. 
Auwers, ibid., 1918, 415, 143, gives b. p. 140-6—140-8°, di?” n° 1-45387, n} * 1-45600, nP* 
1-46169, »)** 1-46649; Vavon, Ann. Chim., 1914, 1, 186, gives “b. p. 140—141°, di>* 0-946, ni* 
1-453; Eisenlohr, Joc. cit., gives b. p. 139°/735 mm.) 

cycloPentylcyclopentanol.—The high-b. p. residues from several preparations of cyclopentanol 
were combined and distilled twice under diminished pressure. The pure compound passed over 
at 100°/3 mm. M = 152-24; mo 1-48930, mp 1-49194, ny 1-49840, ng 150314; Ro 45-00, Rp 
45-20, Ry 45-71, Rg 46-07; Rg_o 1:07, Rp_o 0-71; Mn? 230-11. Densities determined: d7* 
0-9898, d’?"" 0-9586, sill 0-9393. 


Yar = 36-20 (0-09). Apparatus C. 
t. h. H. d‘.. y. P. t. h. H. dy. y- P. 


221° 14:92 14-68 0-9880 36-01 382-4 87-0° 13-10 12-86 0-9395 30:00 384-2 
63-5 13-72 13-48 0-9586 32-08 382-9 Mean 383-2 


cycloPentene.—100 G. of phosphoric oxide were placed in a 250 c.c. Claisen flask, which was 
attached by means of a condenser to a Perkin triangle; the receiver (100 c.c. round-bottomed 
flask) was cooled in a mixture of ice and salt. 50 G. of pure redistilled cyclopentanol were 
added during 90 minutes; a liquid passed over at 41—46°. The distillate was dried with an- 
hydrous sodium sulphate and distilled from a fractionating Claisen flask; the whole of the liquid 
passed over at 44-3—44-4°/761 mm. A middle fraction, b. p. 44-3°/761 mm., was collected for 
the measurement of the physical properties. M = 68-11; mg 1-41984, np 1-42246, ny 1-42904, 
Mq 1-43398; Ro 22-27, Rp 22-40, Ry 22-70, Rg 22-93; Rg_o 0-66, Rp_o 0-43; Mn” 96-89. 
Density determined : dj" 0-7736 (temp. coeff., assumed, 0-0008 per 1°). 


t. h. H. de. y- P. 

17-2° 16-13 15-89 0°7756 23-08 192-7 . App. A 

17-9 12-25 12-01 0-7753 23-11 192-8 App. C 
Mean 192-8 


(Harries and Tank, Bor., 1908, 41, 1703, give b. p. 45—46°, dif 0-7754, ni 1-4208; Filipow, 
Cenir., 1915, i, 1057, gives b. p. 44-1—44-6°/752 mm., di* 0- 7743, nis* 1- 4218 ; v. Auwers, 
Annalen, 1918, 415, 144, b. p. 43-6—43-8°, d§7* 0-7864, nz 1-4282, np" 1-4305, ng* 1-4375, 
n=™ 1-4431; Eisenlohr, Joc. cit., b. p. 45°/760 mm. ; Godchot, loc. cit., b. p. 44—45°/763 mm., 
di: 0.7783, ni?*" 1-4256, ni8®. 1-4371, P 193.) 

cycloPontens. —16 G. of pure cyclopentene, 80 c.c. of absolute alcohol, and 0-4 g. of Adams’s 
platinum catalyst were shaken in hydrogen. The absorption was theoretical after 6 hours. The 
liquid was poured off from the platinum, 800 c.c. of water added, the mixture saturated with 
“ AnalaR ”’ sodium chloride, and the hydrocarbon layer (14 g.) removed. The latter was dried 
with calcium chloride and then distilled from sodium in a fractionating Claisen flask. The whole 
boiled constantly at 48-4—48-6°/763 mm. M = 70-13; mg 1-40464, mp 1-40672, ny 1-41166, 
Mq 1:41520; Ro 22-97, Rp 23-09, Ry 23-34, Rg 23°51; Rg_o 0°54, Rp_o 0°37; Mn” 98-65. 
Density determined : dj 0-7471 (temp. coeff. assumed, 0-0008 per 1°). 


t. h. H. de. y- P. 

17-1° 16-58 16-34 0-7494 22-93 205-0 App. A 

17-5 13-24 13-00 0-7491 22-84 204-9 App. B 
Mean 205-0 


(Wislicenus and Hentzschel, Joc. cit., give b. p. 50-2—50-8°, d??*° 0-7506, n?” 1-4039; Eykman, 
Chem. Weekblad, 1906, 3, 687, gives ar 0-7543, n°" 1-4064, nf” 1-41173, nY 1-42589; Eyk- 
man, Naturk. Verhandel. Haarlem, 1919, 3, 8, 505, ‘dis 0-7500, ni*™ 1-40770, wer 1-40981, nj*” 
1-41481, n}*” 1-41891; Rosanow, Centr., 1916, i, 925, dj" 0- "7447, n° 1-4075; Eisenlohr, 
loc. cit., b.. p. 50-0°/756 mm., ad 0-7510, 2° 1-40383, n° 1-40609, neo" 1-41126, nm 1-41536 ; 
Godchot, /oc. cit., b. p. 49°/760 mm., di35- 0-7502, nF 1-4100, ni 1-4193, P 205.) 

3-Methylcyclopentanol.—This was prepared from 75 g. of pure 3-methylcyc/opentanone, 
500 c.c. of ether, 375 c.c. of water, and 80 g. of sodium in a 4-litre flask; the experimental 
details were similar to those described under cyclopentanol. Upon working the product up in 
the usual manner, 43 g. of the alcohol, b. p. 151—154°, and 19 g. of a high-b. p. residue were 
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obtained. Redistillation gave pure 3-methylcyclopentanol, b. p. 152°/766 mm. M = 100-16; 
Mo 1:44485, np 144736, ny 1-45253,-mg 1-45656; Ry 29-22, Rp 29-37, Ry 29-66, Rg 29-89; 
Reo 0°67, Rp_o 0°44; Mn?” 144-97. Densities determined: d? 0-9120, di!” 0-8807, di” 
0-8601. 
Yoo = 28-24 (0-07). Apparatus A. 
t. h. H. di. y P. t. h. H. de. =. P. 
18-5° 16-82 16-58 0-9132 28-35 253:1 85-6° 14-91 14-67 0-8603. 23-63 256-7 
62-3. 15:59 15:35 0-8803 25:30 255-2 » Mean 255-0 
(Godchot and Taboury, Bull. Soc. chim., 1913, 18, 592, give b. p. 148—149°, d’® 0-9158, 
nie’ 1-4487.) 

1-Methyl-A?-cyclopentene.—This was prepared similarly to cyclopentene from 70 g. of the 
pure alcohol and 150 g. of phosphoric oxide. The Claisen flask was immersed in a glycerol-bath 
at 110—115°, the alcohol added during 2 hours, and heating continued for a further hour; 
a liquid which passed over at 69—74° (23 g.) was dried with anhydrous sodium sulphate and 
distilled. Pure 1-methyl-A?-cyclopentene passed over at 72°/770 mm.; a small high-b. p. 
residue (2-4 g.) remained in the flask. M = 82-14; mg 1-42214, np 1-42476, ny 1-43120,. ng. 
1-43573 ; Ro 27-10, Rp 27-25, Ry 27-51, Rg 27-86; Rego 0-76, Ry_o 0-41; Mn 117-03. 


Y20° = 22-68 (0-12). 
t. h. H. de. y. P. 
20-0° 12-79 12-55 0-7705 22-68 232-8 App.B 
18-9 16-04 15-80 0-7715 22-81 232-9 App. A 
Mean 232-9 


Methylcyclopentane.—14-5 G. of pure 1-methyl-A*-cyclopentene, 75 c.c. of absolute alcohol, 
and 0-4 g. of Adams’s platinum catalyst were shaken in hydrogen for 20 hours; the absorption 
of hydrogen was theoretical. When the product was worked up.as usual and distilled from 
sodium in a fractionating Claisen flask, the whole passed over at 70-8—71-1°/751mm. A middle 
fraction, b. p. 70-9—71-0°/751 mm., was collected for the physical measurements. M = 84-16; 
Mq 1-40788, mp 1-40998, nm, 1-41511, mg 1-41824; Ry 27-63, Rp 27-77, Ry 28-07, Rg 28-24; Re_o 
0-81, Ry_c 0-44; Mn? 118-67. Densities determined : dj’ 0-7510, d{}* 0-7293. 


Y20° = 22-30 (0-12). 
t. h. H. di. y. P. 
19-5° 12-88 12-64 0-7515 22-27 243-5 App. B 
41-2 11-87 11-63 0-7293 19-88 244-0 App. B 
14-8 16-48 16-24 0-7562 23-00 243-9 App. A 
40-2 14-81 14-57 0-7303 19-92 243-8 App. A 
Mean 243-8 


(Zelinsky and Moser, Ber., 1902, 35, 2686, give b. p. 71°/743 mm., d}?* 0-7488, nl?*° 1-4096 ; 
Zelinsky, Ber., 1911, 44, 2781, gives b. p. 72—72-2°, d?}° 0-7474, n?* 1-4088; Eisenlohr, Joc. cit., 
b. p. 70-0—70-5°/755 mm., dj" 0-7459, 2” 1-40750, nZy 1-40947, nz” 1-41465, n>” 1-41868; 
Godchot, Joc. cit., b. p. 71-5—72-5°/760 mm., di$$- 0-7511, ny 1-4111, nz, 1-4202, P 244.) 

cycloHexanol.—This was prepared from 50 g. of cyclohexanone (ex bisulphite compound), 
250 c.c. of 10% sodium hydroxide solution, 300 c.c. of ether, and 60 g. of sodium. 45 G. ofa 
liquid, b. p. 158—161°, and about 3 g. of a high-b. p. residue were obtained (compare Bentley, 
J., 1895, 67, 264). The crude alcohol was shaken with a large excess of aqueous-alcoholic sodium 
bisulphite solution, but no solid separated after standing for 20 hours. The upper layer was 
removed, and the aqueous layer saturated with ‘‘ AnalaR ”’ sodium chloride and extracted three 
times with ether. The combined extracts were then distilled and the fraction, b. p. 159—161°, 
collected. This was dried over anhydrous sodium sulphate and again distilled; it passed over 
constantly at 159°/755 mm. M = 100-6; mo 1-46390, mp 1-46600, n, 1-47196, ng 1-47639; 
Re 29-04, Rp 29-16, Ry 29-48, Rg 29-71; Rg_o 0-67, Ry_o 0-44; Mn” 148-88.* 


Apparatus A. 
t. h. H. dt. y- P. t. h. H. de. y P. 
T18-5° 18-95 18-71 . 0-9527 33-38 252-6 86:3° 16-33 16-09 0-8967 27:02 254-8 
61-8 16-89 16-65 0-9178 28-61 252-4 Mean 253-3 


* The observations at 20° were made with the supercooled liquid. 
t+ Supercooled liquid. 
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(v. Auwers, Hinterseber, and Treppmann, Joc. cit., give, inter alia, b. p. 66—69°/15 mm., 
d2* 0-9463, n2* 1-46330, nF 1-46560, n#®* 1-47141, nee 1-47623.) 

cycloHexene. —36 G. of pure opslehamanal were dehydrated with a little concentrated sul- 
phuric acid (‘‘ Organic Syntheses,” 1925, 5, 33), and 20 g. of the crude hydrocarbon obtained. 
This was dried with anhydrous sodium sulphate and distilled; b. p.83°/777 mm. M = 82:14; 
Meo 1°44369, np 1-44646, np 1-45326, mg 145854; Ry 26-96, Rp 27-11; Ry 27-47, Rg 27-74; 
Rq—o 0°78, Rp_o 0-51; Mn 118-82. Densities determined: 4%” 0-8088, d{** 0-7896, ase" 
0-7731 

Yoo = 26-56 (0-12). 


t. h. H. dy. y P. 
22-7° 17-61 17-37 0-8064 26-23 230-6 App. A 
41-9 16-46 16-22 0-7890 23-96 230-5 App. A 
61-8 15-26 15-02 0-7713 21-69 230-3 App. A 
17-4 13-59 13-35 0-8111 26-88 230-6 App. B 
42-1 12-44 12-20 0-7888 23-89 230-2 App. B 
61-1 11-53 11-29 0-7720 21-64 229-9 App. B 
Mean 230-4 


(v. Auwers, Hinterseber, and Treppmann, /oc. cit., give b. p. 83—83-5°/760 mm., d}3"" 0-8147, 
nil 1-44653, ni? 1-44921, ny 1-45620, = 1° 1-46194; Godchot, Joc. cit., gives b. p. 83-5°/758 
mm., di2® 0.8183, nis® 1.4494, ni85 1-4619, P 230.) 
cycloHexane. "14 G. of pure cyclohexene, 150 c.c. of rectified spirit, and 0-2 g. of Adams’s 
platinum catalyst were shaken in hydrogen; the absorption was theoretical after 6 hours. 
After being worked up as before and distilled over sodium, pure cyclohexane (13 g.) passed over 
at 80-2°/763 mm. M = 84-16; mg 1-42437, np 1-42656, nm, 1-43184, ng 1-43580; Ry 27-63, 
Ry 27-75, Ry 28-05, Rg 28-27; Rg_o 0-64, Ryo 0-42; Mnz” 120-06. Densities determined : 
a2” 07780, dif" 0-7555. 


Yoo = 25-05 (0-11). * Apparatus A. ** Apparatus C. 


t. h. H. dt. y. P. t. h. H. + d&. y: P. 
25-6° 16-87 16-63 0-7730 24-07 241-3*  20-8° 13-23 12-99 0:7772 25:06  242-3** 
42-9 15-93 15-69 0-7570 22-24 241-7* 43-6 12-18 11-94 0-7564 22-42 242-4** 
22-4 17:13 16-89 0-7758 24-53 241-4* Mean 241-8 


(Zelinsky, Ber., 1901, 34, 2802, gives b. p. 80-8—80-9°, di?" 0-7788, ni?" 1-4266; Eykman, 
loc. cit., 1906, gives dj?* 0-7820, ni°* 1-42626, nj’ 1-43381, n}** 1-43820; v. Auwers, Hinter- 
seber, and Treppmann, /oc. cit., give, for a purified commercial specimen, b. p. 80-0—80-2°/749 
mm., dj°** 0-7872, ni? 1-42910, nj’* 1-43119, ny 1-43668, ny’® 1-44116; Eisenlohr, doc. cit., 
gives b. p. 80-3°/750 mm., d2°° 0-7783, 2° 1-42476, n2° 1- 42680, ng 1-43229, n>” 1-43668 (from 
benzene and platinum-black i in acetic acid solution) : b.. p. 80-5°/756 mm., ad?" 0- 77 782, n2”° 1-42496, 
nie 142700, nf” 1-43260, n>” 1-43705 (from benzene and nickel at 180—190°) ; Timmermans 
and Martin, /oc. cit., give b. p. 80-80°, d™* 0-78310, n° 1-42670, n}** 1-42886, n}f 1-42890, n}” 
1-43430, ni" 1- 43870; Godchot, Joc. cit., gives b. p. 80- -5°/758 mm., diz3 0-7820, nj?" 1-4272, 
Nisa 1 4368, P 240-14.) 

1-Methyl-A'-cyclohexene.—cycloHexanone was converted by methylmagnesium iodide into 1- 
hydroxy-1-methylcyclohexane (Wallach, Annalen, 1908, 359, 298) ; upon distillation, this suffered 
dehydration by the trace of iodine present and gave the unsaturated hydrocarbon in good yield. 
To a Grignard reagent prepared from 15 g. of magnesium, 89 g. of methyl iodide, and 250 c.c. of 
ether in a 1500-c.c. three-necked flask were added 49 g. of cyclohexanone (ex bisulphite com- 
pound) in 150 c.c. of dry ether during 3 hours, the whole being mechanically stirred. . Stirring 
was continued for a further hour, and the whole gently refluxed for 2 hours. The mixture was 
cooled in ice, decomposed with dilute sulphuric acid during 3 hours, the ethereal layer separated, 
the aqueous layer extracted with ether, and the combined ethereal solutions dried with anhydrous 
sodium sulphate. The ether was removed, and the resultant yellowish-brown liquid (the brown 
colour was due to iodine arising from the decomposition of the excess of Grignard reagent 
present) was distilled until a brown liquid commenced to pass over; a brown viscid residue 
remained in the flask. The distillate passed over below 110° and consisted of a mixture of 
water and an organic liquid; it was added to 1 1. of water, the upper layer removed (32 g.), 
washed with a little sodium thiosulphate solution, dried (anhydrous sodium sulphate), and 
distilled from sodium in a fractionating Claisen flask. The whole distilled constantly at 110-0°/ 
769 mm. and was obviously homogeneous. This is the most convenient method for preparing 
this hydrocarbon. M = 96-17; mg 1-44766, mp 1-45067, my 1-45745, ng 1-46259; Ry 31-66, 
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Rp 31-84, Ry 32-26, Rg 32-57; Rg_o 0-91, Rp_o 0°60; Mn} 139-51. Densities determined : 
d2o° 08127, di?™ 0-7912, d§?" 0-7734. 


Yoor = 20-66 (0-11). Apparatus A. 


t. h. H. dt. y. P. t. h. H. di‘. y. P 
14-2° 18-06 17-82 0:8182 27-30 269-3 61-1° 15-49 15-25 0-7743 22-11 269-6 
41-4 16-49 16:25 0-7918 24-10 269-2 Mean 269-4 


[Wallach, Annalen, 1908, 359, 298, gives b. p. 111—112°, d?® 0-8110, n>” 1-4496 (dehydration 
with zinc chloride); v. Auwers and Ellinger, ibid., 1912, 387, 220, give b. p. 109-1—109-3°/772 
mm., d2°° 0-8103, 13° 1-4497 (dehydration with oxalic acid at 150°); Roth and v. Auwers, ibid., 
1915, 407, 154, b. p. 109-5—110-5°/767 mm., di!* 0-8117, ni”* 1-44763, njy* 1-45042, np"*" 1-45735, 

ni7* 1-46328 (dehydration with potassium ‘pisulphate) ; Nametkin and Jarzew, Ber., 1923, 56, 
1803, b. p. 109—110°/753 mm., d??” 0-8122, nZ” 1-4503 (dehydration with dilute nitric acid or 
50% sulphuric acid); Eisenlohr, Joc. cit., gives b. p. 108-0—108-5°/769 mm., d" 0-8106, nz. | 
1-45017 (dehydration with phosphoric oxide); Godchot, Joc. cit., gives b. p. 110-6°/760 mm., 
di33- 0-8257, ni 1-4543, ni, 1-4668, P 267 (dehydration with phthalic anhydride).] 

Mi sthylcyclohexane from 1-Methyl-A'-cyclohexene.—20 G. of the pure unsaturated hydro- 
carbon and 0-4 g. of Adams’s platinum catalyst were shaken in hydrogen, theoretical absorption 
taking place in 84 hrs. (reduction was extremely slow and incomplete when absolute alcohol was 
used as solvent). The liquid was decanted from the platinum, and distilled from sodium in a 
small fractionating Claisen flask, the whole passing over at 100-3—100-9°/773 mm.; .a middle 
fraction, b. p. 100-4—100-7°/773 mm., was collected for the physical measurements. M = 
98-18; mg 1-42167, np 1-42410, ny 1-42915, ng 1-43301; Ro 32-36, Rp 32-53, Rp 32-87, Rg. 33-12; 
Rg—o 0°76, Rp_o 0°51; Mn?” 139-82. Densities determined: d?0° 0-7704, di?™ 0-7512, d{?* 
0-7344. 

Yoo: = 23-59 (0-10). Apparatus A. 


t. h. H. dy. y- P. t. h. H. dt. y. P. 
20-2° 16:58 16:34 0-7702 23:57 281-0 61-1° 14:34 14:10 07353 19-41 280-6 
41-7 15:44 15-20 0-7516 21-39 281-1 Mean 280-9 


(Godchot, Joc. cit., gives b. p. 100-25°/758 mm., i535: 0-7738, n°" 1-4255, ni, 1-4352, P 280.) 

2-Methylcyclohexanol.—90 G. of 2-methyleyclohexanone (ex bisulphite compound), 500 c.c. 
of ether, 375 c.c. of water, and 75 g. of sodium yielded 78 g. of the alcohol, b. p. 165—169° 
(chiefly 165—167°), and 5 g. of a high-b. p. residue. Upon redistillation, pure 2-methylcyclo- 
hexanol passed over constantly at 165°/762 mm. M = 114-18; mg 1-45844, np 1-46085, ny 
1-46646, mg 1-47060; Ro 33-69, Rp 33-85, Rp 34-20, Rg 34-46; Rg_o 0°77, Rp_o 0°51; Mn” 
166-80. Densities determined: d° 0-9254, d%?*° 0-8914, d&°*° 0-8706. 


Yoor = 30-75 (0-07). Apparatus A. 


t. h. H. df. y- P. t. h. H. de. y- P. 
24-7° 17-87 17-63 0-9215 20-42 291-0 86-6° 15:95 15-71 0-8697 25-58 295-3 
61-2 17-04 16:80 08923 28-07 294-5 Mean 293-6 


(Sabatier and Mailhe, Ann. Chim., 1907, 10, 549, give b. p. 164-5—165-5°, di? 0-936, n}* 
1-462; Murat, ibid., 1909, 16, 108, gives b. p. 165—166°, d®” 0-9332, nn?” 1-461; v. Auwers, 
Hinterseber, and Treppmann, /oc. cit., give b. p. 167-4—167-6°, di?“ 0-9333, n1** 1-46352, n}¥* 
1-46585, n}P* 1-47180, n>“ 1-47665 ; Skita, Annalen, 1923, 431, 4, gives for cis-compound, b. p. 
169-5—170-5°, di?" 0- 934, np 1-4623; for tvans-compound, b. p. 116-2—166-7°, dj" 0-929, n>” 
1-4590 ; Eisenlohr, loc. cit., gives for cis-compound, b. p. 170- gers mm., 42°" 0-9280, n2”° 1-46003, 
ne 1-46225, n “8 1-46841, ni J. 47353; for tvans-compound, b. p. 168-5°/750 mm., a 0-9254, 
ni” 1-45943, ng. 1-46165, nz” 1-46771, n>?” 1-47284.) 

Hydrocarbon (I) from 2- -Methyleyclohexanol. —70 G. of the pure alcohol and 165 g. of phos- 
phoric oxide were heated in a glycerol-bath at 155—165°; liquid passed over at 105—110° 
(24 g.). This was dried over anhydrous sodium sulphate and distilled from a fractionating 
Claisen flask; most of the distillate (ca. 85%) passed over at 105-5—106-5°/758 mm., and there 
was a small fraction (ca. 10%), b. p. 108—109°/758 mm., d?*" 0-8013, n>” 1-4435. The main 
fraction was redistilled, and that of b. p. 106°/758 mm. was collected for the physical measure- 
ments. M = 96-17; mo 1-44357, mp 1-44616, mp 1-45245, mg 145711; Ro 31-19, Rp 32°32, 
Ry 32-72, Rg 33-00; Rg_o 0-81, Rp_c 0°53; Mn?’ 139-08. Densities determined: di?" 0-7938, 
di?” 0-7760, d$?*" 0-7584. 
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‘Yao = 25-24 (0-10). Apparatus A. 
t. h. H. dy. y- P. t. h. H. de. y- P. 
23:3° °17-06 16-82 0-7911 24-91 271-6 62-3° 14:92 14:68 00-7589 20:8 271-1 
42-0 16-06 15°82 0-7764 23-00 271-5 Mean 271-4 


(Wallach, Annalen, 1908, 359, 298, gives, for hydrocarbon obtained by dehydration of 2- 
methylcyclohexanol with zinc chloride, b. p. 106—108°, d’” 0-7990, nj” 1-4428, and states that 
it is largely the A!-compound.) 

Reduction of hydrocarbon (1). 20 G. of (I), b. p. 105-5—106-5°/758 mm., 0-4 g. of Adams’s 
platinum catalyst, and 125 c.c. of rectified spirit were shaken in hydrogen; only 60% of the 
theoretical volume was absorbed after 30 hours, reaction then having become very slow. The 
liquid was decanted from the platinum, poured into 700 c.c. of water, the upper layer separated 
(18 g.), and the aqueous liquid saturated with ‘‘ AnalaR ”’ sodium chloride, whereupon a further 
1 g. of liquid was separated. The combined liquids were dried with calcium chloride and 
distilled from sodium; about 75% passed over at 100-7—101-2°/766 mm., and the remainder 
distilled up to 102-5°/766 mm. The liquid decolourised 1% potassium permanganate solution, and 
was clearly not homogeneous. 14-5 G. of this liquid and 0-3 g. of Adams’s platinum catalyst 
were shaken with hydrogen in the absence of a solvent for 15 hours, the theoretical amount of 
hydrogen required for complete absorption then having been absorbed. The liquid was poured. 
off from the catalyst and distilled from sodium; it boiled constantly at 100-2—100-4°/768 mm., 
the last 0-5 c.c. having b. p. 100-6—100-8°/768 mm. A middle fraction, b. p. 100-2—100-4°/768 
mm., was collected for the physical measurements, which were determined after immersion in 
the thermostat for 8 hours. These were d%2° 0-7679, mo 1-42081, mp 1-42306, my 1-42839, nq 
1-43230; Ro 32-41, Rp 32-56, Rp 32-92, Rg 33-18; Rg_o 0°77; Rp_o 0°51; Mn} 139-71. 
After standing in a Pyrex tube for 7 days at the laboratory temperature or after being heated 
for 2—3 hours at 40—60°, the hydrocarbon had d%° 0-7694, my 1-42093, mp 1-42316, np 1-42846, 
Nq 143250. These properties remained unchanged after 6 months’ keeping. A detailed study 
of the influence of catalysts and temperature upon this hydrocarbon and those prepared by ~ 
other methods is in progress. 

3-Methylcyclohexanol.—70 G. of 3-methylcyclohexanone (ex bisulphite compound), 400 c.c. 
of ether, 300 c.c. of water, and 58 g. of sodium yielded 56 g. of the alcohol, b. p. 172—174°, and 
6 g. of a high-b. p. residue. Upon redistillation, 3-methylcyc/ohexanol boiled constantly at 
172°/763 mm. M = 114-18; mo 1-45516, mp 1-45757, my 1-46330, mg, 1-46754; Ro 33-80, 
Rp 33-96, Ry 34:32, Rg 34-59; Rg_o 0°79, Rp_o 0°52; Mn’ 166-43. Densities determined : 
ad 0-9168, d$?” 0-8827, di?” 0-8631. 


Yoo = 27-75 (0-06). Apparatus A. 
; h. H. dy. y- P. t. h. H. dt. y- P. 


1° 16:37 16:13 0-9143 . 27-62 286-3 85-3° 14:86 14-62 0-8646 23-67 291-3 
3 15°51 15-27 0-8843 25:27 289-5 Mean 289-0 


t 
3 
1 


2 
6 

(Knoevenagel, Annalen, 1897, 297, 182, gives for cis-form, b. p. 174—175°, d*®* 0-9191, nj* 
1-4579; for trans-form, ibid., 1896, 289, 142, b. p. 175—176°, d'® 0-9320, n}” 1-4695; Wallach, 
ibid., 1896, 289, 343, gives b. p. 175—176°, d’® 0-914, n}?* 1-4581; Zelinsky, Ber., 1897, 30, 1534, 
gives b. p. 173—174°, d? 0-9137, n}° 1-4575; Kondakow and Schindelmeiser, J. pr. Chem., 
1900, 61, 482, give b. p. 174°/764 mm., d?” 0-9135, n?”” 1-45809; Sabatier and Mailhe, Joc. cit., 
give b. p. 172-5°/745 mm., di?" 0-9336, ni? 1-460; Gutt, Ber., 1907, 40, 2061, gives b. p. 91-5— 
92-5°/35 mm., d?” 0-9144, nm?” 1-4555; v. Auwers, Hinterseber, and Treppmann, /oc. cit., give, 
inter alia, b. p. 76—78°/14 mm., d?* 0-9182, n2** 1-45217, n}** 1-45444, nj** 1-46031, nyt* 
1-46502; Skita, Joc. cit., gives for cis-compound, b. p.’ 174-6—175-2°, di?” 0-922, n}” 1-455: 
for trans-compound, b. p. 171-5—172-5°, d2*’ 0-918, n° 1-458; Eisenlohr, Joc. cit., gives, for cis- 
form, b. p. 175-5°/760 mm., d?°" 0-9250, 2° 1-45873, ni, 1-46086, ng” 1-46692, n>)" 1-47196: 
for trans-form, b. p. 174-5—174-7°/762 mm., a3? 0-9234, n° 1-45723, nq, 1-45931, ng” 1-46544, 
n>” 1-47020.) 

r Hydrocarbon (II) from 3-Methylcyclohexanol.—55. G. of the pure alcohol and 135 g. of 
phosphoric oxide were heated in a glycerol-bath at 165—175°; the liquid passed over at 102— 
106° (22 g.). This was dried over anhydrous sodium sulphate and distilled from a fractionating 
Claisen flask; over 85% passed over at 104-5—105-5°/761 mm., and about 10% at 107—109°/ 
761 mm. The main fraction was redistilled, and a middle fraction, b. p. 105°/761 mm., was 
collected for the physical measurements. M = 96-17; mo 1-43848, mp 1-44114, my 1:44757, ng 
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1-45256; Ro 31-82, Rp 31-99, Ry 32-39, Rg 32-71; Rg_o 0°89, Rp_o 0-57; Mn 138-59. 
Densities determined : d2%° 0-7941, di?’ 0-7769, d$?* 0-7586. 


Yar = 25°50°(0-11). Apparatus A. 
t. h. H. dy. y- P. t. h. H. de. y- P. 
191° 17-31 17-07 0-7948 25-40 271-7 62-2° 14:94 14:70 00-7588 20-89 271-2 
41-7 16:02 15-78 0-7772 22-97 271-1 Mean 271-3 


Reduction of hydrocarbon (II). 20G. of (II), b. p. 104-5—105-5°/761 mm., 125 c.c. of rectified 
spirit,-and 0-35 g. of Adams’s platinum catalyst were shaken in hydrogen, but only 80% of the 
theoretical volume had been absorbed in 30 hours, reaction then being extremely slow. The 
product was worked up as described under hydrocarbon (I) (18 g.) and was distilled from 
sodium ; most passed over at 100-8—101-0°/759 mm., but ca. 10% distilled up to 102°/759 mm. 
This decolourised 1% potassium permanganate slightly. 14 G. of this liquid and 0-3 g. of 
Adams’s platinum catalyst were shaken in hydrogen for 8 hours, the theoretical absorption 
having then taken place. The liquid was poured from the platinum and distilled from sodium ; 
it boiled constantly at 100-5—100-7°/771 mm. This had d% 0-7703, mg 1-42151, mp 1-42377, 
My 1-42911, mg 1-43303; these properties are in agreement with those for methylcyclohexane 
prepared from 1-methyl-A}-cyclohexene (p. 1333). 

4-Methylcyclohexanol.—90 G. of 4-methylcyclohexanone (ex bisulphite compound), 500 c.c. 
of ether, 375 c.c. of water, and 80 g. of sodium yielded 82 g. of the alcohol, b. p. 171-5—173°, 
and 5 g. of a high-b. p. solid residue. Upon redistillation, pure 4-methylcyclohexanol boiled con- 
stantly at 172°/763 mm. M = 114-18; mg 1-45395, mp 1-45647, ny 1-46203, ng. 1-46616; Ro 
33-90, Rp 34-06, Ry 34-41, Rg 34-68; Rg_o 0-78, Rp_co 0°51; Mn>” 166-30. Densities deter- 
mined : d3° 0-9122, d{}” 0-8831, d$* 0-8631. 


Yor = 27-63 (0-06). Apparatus A. 


t. h. H. de. y- P. t. h. H. dy. y. P. 
209° 16:40 16-16 0-9116 27-58 287-1 86-1° 14-49 14:25 0-8639 23:05 288-5 
60-4 15-27 15-13 08840 25-04 288-9 Mean 288-2 


(Sabatier and Mailhe, Compt. rend., 1904, 189, 344, give b. p. 172-5—173°/745 mm., di?" 0-924, 
ni 1-462; Haller, Bull. Soc. chim., 1905, 88, 77, gives b. p. 173—173-5°, d?%° 0-9170, n° 1-4573; 


v. Auwers, Hinterseber, and Treppmann, Joc. cit., give inter alia, b. p. 74-7—75-2°/12 mm., 
ad 90-9183, n° 1-45366, n?* 1-45594, sa 1- -46160, n2*®° 1-46651; v. Auwers and Kolligs, 
Ber., 1922, 55, 45, give b. p. 172—173°, di?* 0-9192, nee 1-45742, nies” 1-45959, nj** 1-46558, 
ms *). -47025; Skita, loc. cit., gives for cis-compound, b. p. 173-5—173- 8°, d=’ 0-920, n° 1-4592 : 

for trans-compound, b. p. 172: *8—173-5°, d2 0-918, 2° 1-4586; Eisenlohr, Joc. cit., gives for 
cis-compound, b. p. 175-5°/760 mm., d?%° 0-9223, 2° 1-45704, nZ 1-45926, np” 1- 46534, no 
1-47039; for trans-compound inter alia, b. p. 174- 5°/760 mm., di 0-9172, n° 1-45503, nee 
1-45727, n}” 1-46336, n>)" 1-46831.) 

Hydrocarbon (III) from 4-Methylcyclohexanol.—80 G. of the pure alcohol and 165 g. of phos- 
phoric oxide were heated in a glycerol-bath at 160—170°; 32 g. of liquid passed over at 104— 
111°. The liquid was dried with anhydrous sodium sulphate and distilled; over 80% had b. p. 
105—106°/765 mm., and ca. 15% had b. p. 107-5—108°/765 mm., d}*" 0-8016, n° 1-4449. The 
main fraction was redistilled, and the middle portion, b. p. 105-5°/765 mm., collected for the 
physical measurements. M = 96-17; mg 1-43879, mp 1-44144, ny 1-44784, mg, 1-45267; Ro 
31-79, Rp 31-96, Ry 32-36, Rg 32-67; Rg—o 0°88, Rp_o 0-57; Muy 138-62. Densities deter- 
mined : dj 0-7953, di} 0-7797, at" 0.7628. : 


Yeo = 25-42 (0-10). Apparatus A. 
t. h. H. dt. y- P. t. h. H. de. y- P. 


23-5° 17-13 16-89 0-7926 25-07 271-5 60-7° 15-07 14:83 0-7630 21-19 270-6 
41-7 16-08 15-84 0-7795 23:12 270-7 Mean 270-9 


Reduction of hydrocarbon (III). 20 G. of (III), b. p. 105—106°/765 mm., 125 c.c. of absolute 
alcohol, and 0-3 g. of Adams’s platinum catalyst were shaken in hydrogen, 80% of the theoretical 
quantity being absorbed in 24 hours and the reaction then becoming extremely slow. The pro- 
duct was worked up as described under hydrocarbon (I) and fractionated from sodium; most 
distilled at 101-0—101-5°/766 mm., but ca. 10% passed over up to 102-5°/766 mm. This 
decolourised 1% potassium permanganate slightly. 14-5 G. of this liquid and 0-2 g. of Adams’s 
platinum catalyst were shaken in hydrogen for 7 hours, theoretical absorption of hydrogen 
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taking place. The liquid was decanted from the platinum and distilled over sodium. It distilled 
constantly at 100-7—100-9°/776 mm., and had d% 0-7702, ng 1-42132, mp 1-42356, ny, 1-42891, 
Mg 1-43283. 

cycloHeptanol.—100 G. of suberone (e% bisulphite compound), 555 c.c. of ether, 420 c.c. of 
water, and 88 g. of sodium yielded 72 g. of the alcohol, b. p. 183—187°, and 24 g. of a crystalline 
high-b. p. residue (compare Markownikow, Annalen, 1903, 327, 66). Upon redistillation, 
cycloheptanol boiled constantly at 185°/761 mm. M = 114-18; mg 1-47220, np 1-47470, n, 
1-48087, mg. 1-48502; Re 33-75, Rp 34-00, Ry 34-28, Rg- 34:53; Rg_o 0°78, Rp_o 0°53; Mn® 
168-38. Densities determined: d?°° 0-9478, d§!* 0-9152, d&?* 0-8946. 


Yeo = 33°10 (0-09). Apparatus A. 


t. h. H. die. y P. t. h. H. de. y: P. 
135° 19-12 18-88 0-9530 33-69 288-7 85-7° 16-67 16-43 0-8956 26-93 290-4 
61-4 17-53 17-29 0-9151 29-61 291-1 Mean 290-1 


(Markownikow, J. pr. Chem., 1894, 49, 415, gives b. p. 184—185°, di5) 0-9595; Willstatter, 
Annalen, 1900, 317, 218, gives b. p. 184—185°.) 

Action of Phosphoric Oxide upon cycloHepianol.—60 G. of cycloheptanol and 135 g. of phos- 
phoric oxide were heated in a glycerol-bath at 150—160°; 27 g. of a liquid passed over first at 
109—110° and later at 114—116°. The distillate was dried over anhydrous sodium sulphate and 
fractionated. Distillation commenced at 107—108°/760 mm., practically the whole passed 
over at 109—110°/760 mm., and the last 2 c.c. at 111—113°/760 mm. A middle fraction, b. p. 
109—110°/760 mm. had dj" 0-8068, n>” 1-4473. For cycloheptene Markownikow (loc. cit.) 
gives b. p. 114-5—115°, and Willstatter (Joc. cit.) b. p. 115°. Harries and Tank (Ber., 1908, 41, 
749) state that the distillation of cycloheptanol with phosphoric oxide yields ‘‘ cycloheptene,”’ 
dt* 0-823, n2” 1-45301, but they do not give a b. p.; they were unable to isolate any pimelic 
acid upon ozonolysis. The b. p., physical properties, and catalytic reduction of the product 
(see below) prove conclusively that it consists of a mixture of cycloheptene and a methylcyclo- 
hexene, isomerisation having occurred during the dehydration. 

Catalytic reduction of liquid, b. p. 109—110°/760 mm. 15 G. of the liquid, 50 c.c. of absolute 
alcohol, and 0-4 g. of Adams’s platinum catalyst were shaken in hydrogen, theoretical absorption 
occurring in 24 hours. The product was worked up as described under hydrocarbon (I), and the 
14 g. of liquid thus obtained were distilled from sodium. Two fractions were obtained : (i) b. p. 
104—106-5°/747 mm., 10 g., dj" 0-7842, n>” 1-4306; (ii) b. p. 107—109°/747 mm., 3-5 g., ad?” 
0-7870, n?° 1-4323. It consisted clearly of a mixture of methylcyclohexane and cycloheptane. 

cycloHeptyl Bromide.—To 70 g. of pure cycloheptanol, contained in a 1-litre three-necked 
flask provided with a mercury-sealed stirrer, a dropping funnel, and a thermometer, and cooled 
in a mixture of ice and salt, were added 60 g. (10% excess) of redistilled phosphorus tribromide, 
(b. p. 170-5—172°) during 2 hours, the temperature not being allowed to rise above 5° (compare 
Noller and Adams, J]. Amer. Chem. Soc., 1926, 48, 1084). Stirring was continued for a further 
4 hours, 500 c.c. of water were added after 12 hours, and the whole distilled in steam. The 
crude bromide (88 g.) was washed with 10% sodium carbonate solution, water, dried (anhydrous 
sodium sulphate), and distilled; practically the whole passed over at 62—63°/6 mm. (70g.). A 
middle fraction, b. p. 62-5°/6 mm., was collected for the physical measurements. M = 177-09; 
Mq 149521, mp 1-49911, mp 1-50647, ng 1-51023; Ro 41-16, Rp 41-43, Ry 41-95, Rg 42-23; 
Rg —o 1:17, Rp_c 0°79; Mn” 265-47. 


Yeo = 34:31 (0-09). Apparatus 4, 


t. h. H. a. y- P. t. h. H, de. y: P. 
157° 14:95 14-71 1-2599 34-70 341-1 87-4° 12-99 12-75 11-1839 28-26 344-9 
61-9 13-91 13-67 1-2103 30-98 345-7 Mean 343-2 


(Zelinsky, Ber., 1902, 35, 2691, gives b. p. 75°/12 mm., d?° 1-2887, n* 1-4996; Markownikow, 
Annalen, 1903, 327, 63, gives b. p. 101-5°/40 mm., di%. 1-299.) 

Action of Alcoholic Potassium Hydroxide upon cycloHeptyl Bromide : Preparation of cyclo- 
Heptene.—A mixture of 50 g. of the bromide, 50 g. of potassium hydroxide, and 125 c.c. of recti- 
fied spirit was refluxed on the water-bath for 5 hours and then poured into 1 1. of water. The 
upper layer (27 g.) was separated, dried with calcium chloride, and distilled in a fractionating 
Claisen flask over sodium; 21 g. of cycloheptene, b. p. 113-5—116°/774 mm. (chiefly 115—116°/ 
774 mm.) were obtained, together with about 2 g. of a pleasant-smelling, halogen-free liquid, b. p. 
172—181°; the latter was probably cycloheptyl ethyl ether but was not further investigated. 
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The hydrocarbon was redistilled over sodium, and.a middle fraction, b. p. 114-5—115°/774 mm., 
collected for the physical measurements. M = 96-17; mg 1-45450, np 1-45737, ny 1-46438, ng. 
1-46966; Ro 31-58, Rp 31-75, Ry 32:17, Rg 32-49; Rg_o 0-91, Rp_o 0°59; Mn" 140-16. 
Densities determined : d?°° 0-8255, d{}* 0-8059, d$?"" 0-7884. 


Yeo: = 28-02 (0-11). Apparatus A. 
t h. H. de. y. P. t. h. H. die. y- P 


17-9° 18-48 18-24 0-8272 28-25 268-0 62-0° 16:00 15-76 0-7885 23-27 268-2 
42-1 17-11 16-87 0-8052 25-44 268-4 Mean 268-2 


(Willstatter, Annalen, 1901, 317, 221, gives b. p. 115°; Markownikow, J. pr. Chem., 1894, 
49, 429, b. p. 114-5—115-5°, a3}: 0-8245; Rosanow, Cenir., 1924, i, 2425, b. p. 113—115°, a2” 
0-8228, n}”.1-4552; Godchot, Joc. cit., b. p. 114—115°/752 mm., djj§: 0-8359, nF” 1-4607, nis, 

1-4733, P 266-17.) 

Reduction of cycloHeptene : Preparation of cycloHeptane.—14 G. of cycloheptene, 75 c.c. of 
absolute alcohol, and 0-4 g. of Adams’s platinum catalyst were shaken in hydrogen; theoretical 
absorption took place in 3 hours but shaking was continued for a further 5 hours. The product 
was worked up as before; the liquid (13-5 g.) was dried with calcium chloride and distilled from 
sodium in a fractionating Claisen flask. The whole distilled at 116-5—118-5°/758 mm., and a 
middle fraction, b. p. 117-5—118°/758 mm., was collected for the physical measurements. 
M = 98:18; 1 1:44090, my 1-44355, mp 1-44906, mg 1-45288; Ry 32-01, R, 32-18, Ry 32-53, 
Rg 32:76; Rg_o 0°75, Rp_o 0°52; Mn’ 141-73. Densities determined: 4d?" 0-8098, df!” 
0-7905, d$}° 0-7733. 

Yeo: = 27-93 (0-12). Apparatus A. 

t. h. H. dt. y. P. t. h. H. de. y. P. 
16-1° 18-89 18-65 0-8133 28-40 278-7 61-0° 16-18 15-94 0-7733 23-0 278-5 
41-0 17-49 17:25 0-7905 25:53 279-3 Mean 278-8 

(Markownikow, Amnalen, 1903, 327, 63, gives b. p. 117—117-5°/763 mm., dj" 0-8093; 
Willstatter and Kametaka, Ber., 1908, 41, 1483, give b. p. 116-4—116-8°/726 mm., 42%" 0-8108, 
n° 1-44521; Rosanow, loc. cit., gives b. p. 118—120°, di" 0-8099, n>” 1-4440; Godchot, Joc. cit., 
b. p. 119—120°, di33. 0-8136, niP* 1-4466, nie®) 1-4563, P 278.) 

Note on Cyclic Alcohols.—All the cyclic aicohols were viscid and somewhat hygroscopic liquids ; 
the density and refractive index changed slightly on exposure toair. The measurements recorded 
were made upon freshly distilled specimens. The meniscuses in the capillary tubes at temper- 
atures above that of the room were slightly hazy ; it is possible that the contact angle is not quite 
zero in these cases 

The following data complete those for substituted glutaric esters (Part IT, loc. cit.). 

* Methyl and Ethyl 2-Methylcyclohexane-1 : 1-diacetate.—These esters were prepared in good 
yield by refluxing the pure acid, m. p. 152° (German and Vogel, J., 1937, 1110), with the pure 
dry alcohol, pure sodium-dried benzene, and concentrated sulphuric acid for several hours (com- 
pare Vogel, J., 1928, 2021; 1933, 338). Methylester: b. p. 139°/4mm.; M = 242-31 (Found: 
C, 66-4; H, 9-1. C,,;H,,O, requires C, 64-4; H, 9-2%); mo 1-46688, n, 1-46898, nu, 1-47477, 
Mg 1-47907; Ro, 62-46, Rp 62-70, Ry 63-36, Rg 63-85; Rg_o 1:39, Rp_¢ 0:90; Mnz 355-14. 
Ethyl ester (Found: C, 66-4; H, 9-6. C,;H,,O, requires C, 66-6; H, 9-7%), b. p. 145°/4 mm. ; 
M = 270-36; 1g 1-46077, np 1-46314, ny 1-46885, ng 1-47303; R, 71-82, Rp 72-12, R, 72-90, 
Rg 73°45; Rg_o 1:63, Rp_o 1:08; Mnz”* 395-56. 

Methy] ester. 
‘Densities determined : d?°° 1-0738, d{?* 1-0417, d{* 1-0224. 
Yeo: = 35°70 (0-10). Apparatus A. 
t. h. H. de. y: P. t. h. H. de. y P 


21-0° 17:96 17:72 1:0730 35-60 550-4 86-1° 15-48 15-24 1-0234 29-21 6549-1 
61-3 16-42 16-18 1-0425 31-58 6549-8 Mean 549-8 


} Ethyl ester. 
Densities determined : do" 1-0326, d$!7° 1.0000; d§*° 0-9829. 
t. h. H. dy. y: P. t. h. H de. y. P 


20-5° 13:99 13-75 1-0332 33-28 629-1 87-4° 12-11 11-87 0-9818 27-3 629-6 
62-1 12-77 12-53 0-9997 29:37 629-6 Mean 629-4 
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Note, added in proof, September 2nd, 1938.—Since this paper was written, Wibaut, Lange- 
dijk, Smittenberg, and Hoog (Chem. and Ind., 1938, 57, 753) have described the isolation of 
only one form of methylcyclohexane by the hydrogenation of pure toluene at 150° under 100 
atm. pressure in the presence of nickel—-kieselguhr as catalyst. This had b. p. 100-80°, d?°* 
0-76944, and n”°™’ as follows : 


C (6563) dy, (5876) F (4861) G’ (4341) 
1-42085 1-42310 1-42838 1-43285 


These properties agree well with those of the (B’) form described on p. 1324. This would there- 
fore seem to be a stable modification (compare Vogel, Chem. and Ind., 1938, 57, 541, 772). 
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251. Researches on Ammines. Part IX. Diaquo-, Hydroxoaquo-, and 
Acidohydroxo-diammines of Bivalent Platinum. 


By HERBERT J. S. KING. 







It is shown that there are two classes of platinous diammines. Aqueous solutions 
of the one class, of which cis- and trans-dichlorodiamminoplatinum are examples, 
are practically non-electrolytes, but in diammines of the other class, which includes 
the cis- and trvans-dinitrato, -dipicrato-, and -sulphato-diammines, the electrical 
conductivity measurements indicate the presence of salts of bivalent kations. If 
the platinum atom has a fixed co-ordination number of four, these diacido-compounds 
must dissolve in water as diaquo-salts, which, however, exist only in solution : 


[Pt(NHs).(NO3).] + 2H,O0 = [Pt(NH3)_(H,O),](NOs), 
Like other diaquo-salts, these solutions have an acid reaction and are converted 


by ammonia into hydroxoaquo-solutions, though the solids which separate from 
the hydroxoaquo-solutions are acidohydroxodiammines : 


[Pt(NHs)2(H,0),](NO,), + NH, == NH,NO, + [Pt(NH;),(H,0)(OH)]NO, 


















[Pt(NH;),(OH)(NO,)] + H,O 


Platinous acidohydroxodiammines, of which the cis- and trans-nitrato-, -picrato-, 
and -sulphato-, together with the cis-nitro- and cis-chloro-derivatives, are now 
described, have not been prepared previously. cis-Nitratohydroxodiamminoplatinum is 
a non-electrolyte, but conductivity measurements show that the nitrato- and cis- 
sulphato-derivatives dissolve in water as salts of univalent kations, indicating com- — 
plete conversion into hydroxoaquodiamminoplatinous salts. 









IT was shown in Part IV (J., 1930, 2307) that the acid radicals of the ammines of bivalent 
copper are ionised, neither acidotriammines nor diacidodiammines existing in aqueous 
solution : 







[Cu(NH,),]X_ —> [Cu(NH,),]X, ——> [Cu(NH,),]X, 


Though it is possible that the solid cuprammine [CuA,X,] dissolves in water as 
[CuA,(H,O),]X., there is no evidence of this, and no justification for assuming a co- 
ordination number of four, since hexammines and pentammines are readily obtainable, 
and are little inferior in stability to the tetrammines. - It was also shown that in aqueous 
solution considerable decomposition of the complex kation occurred, loss of ammonia 
amounting to } mol. in the case of a 0-1m-solution of tetramminocupric nitrate. This 
inferior stability of the complex, accompanied by variable co-ordination number and in- 
ability to form acido-complexes, characterises the ammines of most bivalent metals. 
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On the other hand, tervalent cobalt, chromium, etc., form complexes which undergo 
no decomposition in aqueous solution, and this stability of the complex kation is associ- 
ated with fixed co-ordination number and formation of stable acido-complexes. Bi- 
valent platinum similarly forms the extremely stable 4-covalent tetramminoplatinous 
complex, in which acid radicals can replace ammonia with successive formation of acido- 
triammines and diacidodiammines, sufficiently stable to exist as such in aqueous solution : 


[Pt(NH,),]Cl, ——> [Pt(NH,),CI|Cl ———> [Pt(NH,),Cle] 


Further treatment with ammonia has no effect on the tetramminoplatinous complex. 

Werner (Ber., 1907, 40, 4098) showed that the acid reaction of aquopentammino- 
cobaltic salt solutions is due to incipient conversion into the corresponding hydroxo- 
pentammine : 

[Co(NHs);(H,O)]X; == [Co(NH;);(OH)]X, + HX 

Treatment with excess of concentrated aqueous ammonia resulted in complete conversion 
into the hydroxopentamminocobaltic salt, with elimination of the ammonium salt of the 
acid. Aquopentamminochromic salts have similarly been converted into hydroxopent- 
ammines (Part II, J., 1925, 127, 2100). It appeared remarkable that, though the hydroxo-, 
aquo-equilibrium plays a prominent part in the chemistry of other stable ammino- 
complexes of fixed co-ordination number, neither hydroxo- nor aquo-salts had been 
isolated in the platinous series, and the purpose of the present investigation was to 
ascertain whether such compounds exist. 

Dichlorodiamminoplatinum has long been known in two isomeric forms, usually re- 
garded as cis- and ¢vans-modifications of the planar molecule [Pt(NH;),Cl,], and aqueous 
solutions of each are practically non-electrolytes, as required by the formula. Although 
there is thus little tendency for water molecules to displace chloride radicals from the 
complex, with formation of the chloroaquo- or the diaquo-chloride, [Pt(NH;),(H,O)CI]Cl 
or [Pt(NH,),(H,O),]Cl,, it is significant that in each case the electrical conductivity of 
an M/1000-solution increases noticeably with time (Werner and Miolati, Z. physikal. Chem., 
1893, 12, 49; Drew, Pinkard, Wardlaw, and Cox, J., 1932, 988), presumably owing to 
formation of a minute equilibrium concentration of aquo-salt. Both compounds interact 
with soluble silver salts, with complete elimination of chlorine as silver chloride. In 
this way, both cis- and ¢rans-dinitro-, -dinitrato-, -sulphato-, and other diammines are 
obtained, and it wads shown by Jensen (Z. anorg. Chem., 1936, 229, 252) that, whereas the 
dinitro- and cis-di-iodo-diammines resemble the dichloro-compounds in being practically 
non-electrolytes in aqueous solution, the electrical conductivities of the cis- and trans- 
dinitrato- and the cis-sulphato-diammines indicate considerable ionisation. 

In view of the pronounced tendency of the nitrate radical to form aquo- rather than 
acido-salts, attempts were made to prepare the diaquo-nitrates. Since the conversion 
of aquo- into acido-ammines is favoured by heating, the cis-dichlorodiammine was shaken 
with aqueous silver nitrate; and the filtrate evaporated in a vacuum, both operations 
being conducted at room temperature. Even under these conditions, however, the solid 
product proved to be the anhydrous dinitratodiammine, [Pt(NHs).(NO3),]. Complete 
elimination of chlorine from the trans-dichlorodiammine was only accomplished by boil- 
ing with silver nitrate, and in this case also the solid product was anhydrous dinitrato- 
diamminoplatinum. These substances were much more soluble than the dichloro-com- 
pounds, though prolonged warming and shaking were required to dissolve them, and the 
aqueous solutions were acid to litmus, whereas those of the dichlorodiammines were 
neutral. They were reconverted into cis- and trans-dichlorodiamminoplatinum, respect- 
ively, when boiled with hydrochloric acid. Jensen (loc. cit.) recorded the electrical con- 
ductivities of the aqueous solutions at one concentration only, and his values were lower 
than would be expected for salts of a bivalent kation. The interpretation of the con- 
ductivity data which are now recorded for various concentrations is complicated by the 
acidity of the solutions, but they indicate clearly that both nitrate radicals are ionised in 
each case (see Table I and discussion on p. 1345). If bivalent platinum has a fixed co- 
ordination number of four, it is evident that solution of the dinitratodiammines is 

4s 
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accompanied by co-ordination of two molecules of water : [Pt(NH3),(NOs3).] + 2H,O = 
[Pt(NH,)(H,O),](NO ).. This explains the slow rate of solution. Co-ordination of one 
water molecule only would yield [Pt(NH3),(H,O)(NO,)]NO;, but the recorded molecular 
conductivities are approximately double the probable values for this compound. Since 
the isomeric dinitratodiammines retain their individuality in aqueous solution, it is still 
necessary to assume the presence of water molecules in the complex of one or both of 
the ionised solutions, even if the platinum atom is not taken to be quadricovalent, the 
formula [Pt(NH;),](NO;), providing no possibilities of isomerism. The conclusion that 
the aqueous solutions contain aquo-salts is strongly supported by their acid reaction, 
which is readily accounted for by partial conversion into the hydroxoaquo-salt : 
[Pt(NHs).(H,O).](NO3). == [Pt(NH;).(H,O)(OH)]NO, + HNO;. Measurement of the 
py values of M/256-solutions indicated that the proportions of hydroxoaquo-salt present 
in the equilibrium mixtures were 4% for the cis- and 10% for the trans-compound. 

By double decomposition between ammonium picrate and aqueous solutions of the 
cis- and trans-dinitratodiammines, the isomeric dipicratodiammines were obtained. The 
conductivity data for the aqueous solutions indicated the presence of two ionised picrate 
radicals in each case. The yellow products were hydrated (4 and 3H,O respectively) 
and readily yielded orange anhydrous compounds. This colour change may indicate 
conversion from the aquo- into the acido-compound, but the water was very readily 
removed and no difference in electrical conductivity could be detected between the an- 
hydrous and the hydrated compounds. Thus the former, and probably the latter also, 
were dipicratodiammines, dissolving in water, however, mainly as diaquodiammino- 
platinous picrate, [Pt(NHs).(H,O),|](CgH,O,Ns)o. 

With silver sulphate, cis- and tvans-dichlorodiamminoplatinum yielded the correspond- 
ing sulphatodiammines, mono- and di-hydrated respectively. Both proved to be ionised 
in aqueous solution, though the conductivity of the solutions increased on standing, showing 
that the process of aquation was slower than in the other cases investigated. The final 
figures indicated practically complete ionisation of the sulphate radicals. Both solutions 
had an acid reaction, and measurement of the fq values indicated that in each case 10% 
conversion of the diaquo- into the hydroxoaquo-salt had taken place. 

The so-called hydroxides of the cis- and trans-diamminoplatinous series have been 
variously described as weakly and strongly alkaline, apparently because their aqueous 
solutions are sufficiently alkaline to turn litmus blue, and this alkalinity is usually ex- 
plained by aquation of the non-valent complex [Pt(NH3),(OH),] to [Pt(NH3).(H,O)(OH)JOH 
or [Pt(NH;).(H,O).](OH),. The electrical conductivities of aqueous solutions of these 
compounds have now been determined, and the results indicate that they are practically 
non-electrolytes, the values obtained at 25° and a dilution of 256 1. being 13-4 and 7:2 
mhos: the expected values for the ionised hydroxides [Pt(NH;),(H,O)(OH)JOH and 
[Pt(NHs)2(H,O),)(OH), are about 250 and 500 mhos respectively. The dihydroxodi- 
ammines are very soluble in water and their molecular weights have been determined 
by the cryoscopic method, the results showing that both are monomeric. These com- 
pounds must evidently be formulated [Pt(NH;),(OH),] both in the solid state and in 
aqueous solution. 

There are thus two well-defined classes of platinous diacidodiammines. In members 
of the one class, which includes the dichloro-, dinitro-, cis-di-iodo-, and dihydroxo-com- 
pounds, water molecules are not able to displace acid radicals from the complex, and the 
equilibrium in the reaction [Pt(NH,),X,] -+ 2H,O == [Pt(NHj),(H,O),]X, lies almost 
entirely to the left. In the case of the other class, to which the dinitrato-, dipicrato-, and 
sulphato-compounds belong, the equilibrium lies almost entirely to the right. These 
compounds dissolve in water as ionised diaquo-salts, in equilibrium with a small con- 
centration of hydroxoaquo-salt and free acid. 

Although both classes are converted into tetrammines by boiling with aqueous am- 
monia, it was found that, when liquid ammonia was used, ammonia molecules, like water 
molecules, were unable to displace acid radicals from complexes of the first class. For 
instance, the cis- and trans-dichloro- and dinitro-diammines were recovered unchanged 
from solution in this medium. On the other hand, cis-dinitratodiamminoplatinum was 





[1938} King: Researches on Ammines. Part IX. 1341 


completely converted into tetramminoplatinous nitrate when dissolved in liquid ammonia. 
Displacement of the nitrate radicals was not quite complete in the case of the trans-dini- 
tratodiammine, the product containing between three and four g.-mols. of ammonia 
for each g.-atom of platinum. 

Conversion of cis- and tvans-diaquodiamminoplatinous nitrate in aqueous solution into 
the corresponding hydroxoaquo-salts was readily accomplished by treating the cold 
solutions with one mol. of aqueous ammonia. The hydroxoaquodiammines, however, 
like the diaquodiammines, could not be isolated as such, the solid products being an- 
hydrous and hemihydrated nitratohydroxodiamminoplatinum respectively : 


[Pt(NH3).(H,O).](NO 3). + NH, == NH,NO, + 

[Pt(NH3).(H,O)(OH)]NO, == [Pt(NH;).(OH)(NO;)] + H,O 
That the aqueous solutions of these substances contained salts of univalent kations was 
shown by measurement of electrical conductivity (see Table III). The conductivities 
of the cis- and trans-compounds at 25° and a dilution of 1024 1. were 123-5 and 132-6 
mhos; the corresponding value recorded by Werner and Miolati for [Pt(NH,),CI]Cl is 
equivalent to 123-8 mhos (Z. physikal. Chem., 1894, 14, 511). The platinum atom being 
assumed to be still 4-covalent, it follows that solution of the nitratohydroxodiammines 
was accompanied by co-ordination of one molecule of water, with formation of the ionised 
hydroxoaquo-salts, [Pt(NH ).(H,O)(OH)|]NO;. Even if no assumption of quadrico- 
valency is made, it is still necessary to assume the presence of at least one water molecule 
in one or both of the ionised solutions, the formula [Pt(NH;),.(OH)|NO, providing no 
possibilities of isomerism. The ionisation of the nitrate radicals in the aqueous solutions 
was confirmed by treatment with ammonium picrate; immediate precipitation of the 
anhydrous picratohydroxodiammines then occurred. The cis- and trans-sulphatodthydroxo- 
derivatives, [{Pt(NH;),(OH)},SO,],2H,O, were obtained by treating aqueous solutions 
of the sulphato-diammines with the calculated amount of aqueous ammonia. Con- 
ductivity data for the former showed that it dissolved in water as [Pt(NH3),(H,O)(OH)],SO,, 
but the ¢vans-compound was too sparingly soluble for its conductivity to be measured. 
The nitratohydroxo- and sulphatodihydroxo-derivatives proved to be less soluble than 
the corresponding diacidodiammines, and, as in the case of the latter compounds, solution 
-in cold water was very slow, probably on account of the slowness of the aquation process. 
The aqueous solutions resembled those of the hydroxopentammino-cobaltic and 
-chromic salts in liberating ammonia when boiled with ammonium salts : 


[Pt(NH5)9(H,0)(OH) JNO; + NH,NO; = [Pt(NH3)9(H,O)2](NO3)2 + NHs. 


They were neutral, whereas those of hydroxopentamminocobaltic salts are alkaline to 
litmus. There was thus no tendency to formation of the basic aquo-salts 


[Pt(NHs)(H,0) CT 


It is remarkable that, though the dichloro- and dihydroxo-diammines dissolve in water 
without aquation, cis-chlorohydroxodiamminoplatinum, [Pt(NHs;),(OH)CI], which was 
prepared by interaction of the cis-sulphatodihydroxo-derivative and barium chloride, 
was very soluble in water, and the conductivity data indicated considerable though 
incomplete ionisation (see Table IV). Thus partial aquation to [Pt(NH;).(H,O)(OH)]C1 
had taken place. On the other hand, cis-nitrohydroxodiamminoplatinum proved to be a 
non-electrolyte, probably because in this case aquation would require preliminary con- 
version of the nitro-radical into the nitrito-form. 

The acidohydroxodiammines, of which nitrato-, picrato-, sulphato-, chloro-, and 
nitro-derivatives have been obtained, constitute a new class of platinous ammines. 

The results obtained in the course of this work are adequately explained by Werner’s 
assumption that the bivalent platinum atom forms a 4-covalent planar complex, of which 
the two isomeric series of platinous diammines contain cis- and trans-forms. Striking 
similarity in the chemical behaviour of the two series is shown, affording strong support 
to the view that their isomerism is spatial rather than structural. Such differences as 
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exist appear to depend on the more sparing solubility of the tvans-compounds. An 
alternative possibility is that one isomeric series is either cis- or trans-planar, and the other 
is tetrahedral, and this would not affect the formulations given. The suggestion of Drew, 
Pinkard, Wardlaw, and Cox (loc. cit.), that the compounds usually formulated as cis- 
and trans-[Pt(NH,),Cl,] are structural rather than spatial isomerides, appears very im- 
probable if extended to the dinitratodiammines, since in each case both nitrate radicals 
are ionised in aqueous solution. 

It has been shown that neither diaquo- nor hydroxoaquo-diamminoplatinous salts 
can normally he isolated in the solid state, but it is evident that the tvans-sulphato- 
diammine should be either a diaquo- or an aquo-salt. The solid compound was 
dihydrated, but the low conductivity of freshly prepared solutions was inconsistent with 
formulation as a diaquo-salt. The solid compound is therefore considered to be 


| PE(N H,)4(H,0)(0,S°) |_ 1,0, the sulphate radical being attached to the platinum 


atom by a single link only. Diammines containing other dibasic acid radicals are being 
investigated, since the existence of an anhydrous ¢vans-diammine, with such a radical in the 
complex, would be inconsistent with Werner’s formulation of these compounds. 


EXPERIMENTAL. 


cis-Dichlorodiamminoplatinum was prepared from ammonium chloroplatinite by Jérgensen’s 
method (Z. anorg. Chem., 1900, 24, 181). The tvans-isomeride was obtained by heating tetram- 
minoplatinous chloride for 20 minutes at 250°, and recrystallising the product from boiling 
water. 

Dinitratodiamminoplatinum.—(a) cis-Compound. 1 G. of cis-dichlorodiamminoplatinum 
was shaken mechanically with 1-1322 g. (1 mol.) of silver nitrate and 15 c.c. of water at room 
temperature. Separation of silver chloride began almost immediately and was complete 
in 3 hours. The filtrate, containing cis-diaquodiamminoplatinous nitrate, was free from 
silver and had a slight acid reaction. It was dehydrated over sulphuric acid in a vacuum, 
leaving pale yellow needles (1-1 g.). 7:88 G. dissolved in 1 1. of water at 18°, but solution 
was slow (Found: Pt, 55-0; N, 16-2; NO;, 34:7. Calc. for [Pt(NH;),(NO,),]: Pt, 55-2; 
N, 15:9; NO,, 35-1%). The aqueous solution, when boiled with hydrochloric acid, yielded 
cis-dichlorodiamminoplatinum. The compound was previously prepared by Cleve (K. Sv. 
Vet. Akad. Handl., 1872, 10, No. 9). 

(b) trans-Compound. trans-Dichlorodiamminoplatinum was mixed as above with aqueous 
silver nitrate and refluxed for 20 minutes. The slightly acid filtrate was left in a vacuum 
over sulphuric acid until cream-coloured crystals remained (1-1 g.). The preparation was 
carried out in diffused light, as the compound darkened in sunlight (Found: Pt, 55-4; N, 
15-8%). It dissolved very slowly in water unless this was heated almost to the b. p., but 
‘was almost as soluble as the cis-compound, 6-62 g. dissolving in 1 1. at 18°. The aqueous 
solution, when boiled with hydrochloric acid, yielded tvams-dichlorodiamminoplatinum. 
Cleve (loc. cit.), who prepared the compound from frans-di-iododiamminoplatinum, stated 
that the product prepared from the dichlorodiammine is not chlorine-free: the statement 
is incorrect. 

Nitratohydroxodiamminoplatinum.—(a) cis-Compound. 1 G. of  cis-dichlorodiammino- 
platinum was converted as above into cis-diaquodiamminoplatinous nitrate in aqueous solution, 
and this was treated at room temperature with 6-66 c.c. (1 mol.) of N/2-ammonia. The neutral 
solution was left in a vacuum over sulphuric acid for 10 hours. The crystals that had then 
separated were collected, washed successively with a little water, alcohol, and ether, and 
left overnight- in a vacuum over soda-lime. (Unless otherwise stated, the compounds de- 
scribed below were similarly prepared for analysis.) 0-6 G. of four-sided plates was obtained, 
slightly yellower than the dinitratodiammine (Found: Pt, 63-3; N, 13-8; NO,, 19-7. 
[Pt(NH;),(OH)(NO,)] requires Pt, 63-3; N, 13-6; NO;, 20-1%). The compound was fairly 
soluble in water, dissolving slowly at room temperature and readily at 40°. It was recovered 
unchanged from solution in liquid ammonia. 

(b) trans-Compound. 1 G. of trans-dichlorodiamminoplatinum was converted as above 
into trans-diaquodiamminoplatinous nitrate in aqueous solution, and this was treated in the 
cold with 1 mol. of n/2-ammonia. The neutral yellow solution was left overnight in a vacuum 
over sulphuric acid, and a scanty black precipitate then filtered off. On further concen- 
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tration, a microcrystalline product separated, yellower and less soluble than the cis- 
isomeride. The compound darkened: on exposure to sunlight, and the preparation was 
carried out, as far as possible, with exclusion of daylight (Found: Pt, 61-2; N, 13-3; NO,, 
19-2. [Pt(NH,),(OH)(NO,)],4H,O requires Pt, 61-5; N, 13-2; NO,, 19-5%). 

Dipicratodiamminoplatinum.—(a) cis-Compound. A _ solution of cis-diaquodiammino- 
platinous nitrate, prepared as described above, was added to 3-05 g. (100% excess) of picric acid 
which had been converted into the ammonium salt in 400 c.c of water. A yellow precipitate 
(1-4 g. of acicular aggregates) was obtained almost immediately (Found: Pt, 26-0; N, 14-8; H,O, 
9-5. [Pt(NH;).(CgH,O,N;),],4H,O requires Pt, 25-8; N, 14:8; H,O, 95%). At 85° the 
compound lost water rapidly, becoming brick-red. Dehydration was complete in 3 hours, 
without loss of ammonia. The anhydrous dipicratodiammine was also obtained by leaving 
the tetrahydrate in a vacuum over sulphuric acid for 10 days (Found: N, 16-2. Calc.: N, 
16-4%). 1-81 G. of the tetrahydrate dissolved in 1 1. of water at 18°, but solution was very 
slow unless the water was warmed to 40°. 

(b) The trans-compound was similarly prepared from a solution of tvans-diaquodiammino- 
platinous nitrate, the theoretical amount of ammonium picrate in 200 c.c. of water being 
used. No immediate precipitate was obtained, but aggregates of large yellow needles separated 
during 1 hour (Found: Pt, 26-6; N, 15-0; H,O, 7-1. [Pt(NH,),(C,H,O,N;),],3H,O requires 
Pt, 26-4; N, 15-2; H,O, 7-°3%). The water was completely removed in a few days over 
phosphoric oxide or in 2 hours at 85°; the anhydrous compound was orange. The trihydrate 
was much more soluble than the cis-isomeride, 5-63 g. dissolving in 1 1. of water at 18°. 

Picratohydroxodiamminoplatinum.—(a) cis-Compound. 0-5 G. of cis-nitratohydroxodi- 
amminoplatinum was dissolved in 20 c.c. of water at 40°, and the cooled solution was added 
to 0-445 g. (1-2 mols.) of picric acid which had been converted into the ammonium salt in 
60 c.c. of water. An immediate microcrystalline yellow precipitate was obtained (0-55 g.) 
(Found: Pt, 40-9; N, 14-9. [Pt(NH;),(OH)(C,H,O,N;)] requires Pt, 41-1; N, 14-8%). 

(b) trans-Compound. trans-Nitratohydroxodiamminoplatinum was similarly treated with 
1-2 mols. of ammonium picrate, yielding an immediate microcrystalline yellow precipitate 
(Found: Pt, 41:3; N, 146%). 

Sulphatodiamminoplatinum.—(a) cis-Compound. 1 G. of cis-dichlorodiamminoplatinum 
was shaken with 1-0386 g. (1 mol.) of silver sulphate and 20 c.c. of water at room temperature 
for 4 hours. The slightly acid filtrate, containing diaquodiamminoplatinous sulphate, gave 
an immediate precipitate in the cold with barium chloride. It was evaporated to dryness 
in a vacuum over sulphuric acid, yielding 0-87 g. of pale yellow crystals, which darkened on 
exposure to sunlight. No water was removed at 85° (Found: Pt, 57-0; N, 8-3; SO,, 28-0. 
[Pt(NH,),(SO,)],H,O requires Pt, 56-9; N, 8-2; SO,, 28-0%). Cleve (loc. cit.), who previously 
prepared the compound, described it as anhydrous. It is fairly soluble, but dissolves rather 
slowly unless warmed. 


(b) trans-Compound, [ PeavH,),(4,0)(0,82) | 1,0. 1 G. of trans-dichlorodiammino- 


platinum was refluxed with 1 mol. of silver sulphate and 20 c.c. of water for 20 minutes. The 
slightly acid filtrate was evaporated to dryness in a .vacuum over sulphuric acid, yielding 
1-1 g. of pale yellow crystals, almost identical in appearance with those of the cis-isomeride 
(Found: Pt, 54:3; N, 8-0; SO,, 27-0. Pt(NH;),SO,,2H,O requires Pt, 54-0; N, 7-8; SO,, 
26-6%). Only 4H,O was removed in 3 hours at 85°. The compound dissolved much more 
rapidly in cold water than the cis-isomeride, though the actual solubility was about the same. 
It darkened on exposure to sunlight, which should be excluded during its preparation. Cleve 
(loc. cit.) described it as a monohydrate. 

Sulphatodihydroxotetramminodiplatinum.—(a) cis-Compound. 1 G. of cis-dichlorodiammino- 
platinum was converted as above into cis-diaquodiamminoplatinous sulphate in aqueous 
solution, and this was treated at room temperature with 6-66 c.c. (1 mol.) of N/2-ammonia. 
It became turbid after a few minutes and after it had been left overnight in a vacuum over 
sulphuric acid, 0-65 g. of glistening yellow hexagonal prisms had separated (Found: Pt, 
62-7; N, 9-2; SO,, 15-2. [{Pt(NH,),(OH)},SO,],2H,O requires Pt, 62-5; N, 9-0; SO,, 15-4%). 
1}H,O were removed at 85°. The aqueous solution was neutral to litmus and liberated 
ammonia when boiled with ammonium sulphate, an aqueous solution of diaquodiammino- 
platinous sulphate being formed. 3-23 G. of the compound dissolved in 1 1. of water at 18°. 

(b) trans-Compound. Similar treatment of trans-dichlorodiamminoplatinum (1 g.) gave 
0-65 g. of a microcrystalline yellow product, which was extremely sparingly soluble, even in 
boiling water (Found: Pt, 62-7; N, 9-0; SO,, 15-2%). 
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cis-Chlorohydroxodiamminoplatinum.—A suspension of 1 g. of cis-sulphatodihydroxotetr- 
amminodiplatinum in 20 c.c. of water was boiled for a few minutes with 0-391 g. (1 mol.) of barium 
chloride. The yellow filtrate was left in a vacuum over sulphuric acid. No solid separated 
until the water was completely removed; pale yellow crystals then remained (Found: Pt, 
67-1; N, 98; Cl, 12-0. [Pt(NH,),(OH)Cl],4H,O requires Pt, 67-1; N, 9-6; Cl, 12-2%). 
The compound was readily soluble and the solution was slightly alkaline to litmus. When it 
was boiled with ammonium chloride, ammonia was liberated, with separation of cis-dichloro- 
diamminoplatinum on cooling. Silver nitrate precipitated silver chloride from the aqueous 
solution. 

cis-Nitrohydroxodiamminoplatinum.—1 G. of cis-sulphatodihydroxotetramminodiplatinum 
was boiled for a few minutes with 0-3961 g. (1 mol.) of barium nitrite and 40 c.c. of 
water. The liquid was filtered hot and concentrated in a vacuum over sulphuric acid; yellow 
acicular aggregates, similar in colour to the dichlorodiammine, were obtained. The product 
was fairly soluble, 8-13 g. dissolving in 1 1. of water at 18° (Found: Pt, 66-4; N, 14-2. 
[Pt(NH,),(OH)(NO,)] requires Pt, 66-8; N, 14-4%). The aqueous solution was slightly 
alkaline, and liberated ammonia when boiled with ammonium salts. 

Dihydroxodiamminoplatinum.—(a) cis-Compound. _ cis-Sulphatodihydroxotetramminodi- 
platinum was heated to boiling with the calculated amount of barium hydroxide solution, 
and the filtrate evaporated to dryness in a vacuum over sulphuric acid (Found: Pt, 73-7; 
N, 10-7. Calc. for [Pt(NH;),(OH),]: Pt, 74:1; N, 10-6%). 

(b) trans-Compound, The sulphatodiammine was boiled with the calculated amount of 
barium hydroxide (Klason, J. pr. Chem., 1903, 67, 27), and the filtrate evaporated to dryness 
in a vacuum over sulphuric acid (Found: Pt, 74:3; N, 10-4%). 

Action of Liquid Ammonia on Diacidodiammines.—The substances were dissolved in liquid 
ammonia, and the excess allowed to evaporate. The products were analysed with the follow- 
ing results : 

[Pt(NH,),Cl,]—Found : N, 9-1 (cis), 9-2 (trans). Calc.: N, 9-3%. 

[Pt(NH,),(NO,),.]—Found : Pt, 60-6 (cis), 60-5 (trans). Calc.: Pt, 60-7%. 

[Pt(NH,).(NO,),)—Found : Pt, 50-1 (cis), 51-8 (tvams); N, 21-7 (cis), 19-8 (ivans). 
Calc. for [Pt(NH,),](NO,),: Pt, 50-4; N, 21-7%. 






























Molecular-weight Determinations.—Cryoscopic method. The Beckmann apparatus was 
used, with water as solvent. 











Ww, g. A. Water, g. M. 

CROP OL IEB hal - tse ccncencceccccscsessosecs 0-2835 0-127° 17-09 243 

0-3530 0-150 17-39 252 

brans-[Pt(NH,),(OH) 4] ........0ccccccccccceees { 0-3707 0-158 17-21 253 
Calc., 263-3 








With m/256-solutions, the following 





Pu Values.—The colorimetric method was used. 
values were obtained : 


cis-[Pt(NH3),(NO,)9] ... 3-8 cis-[Pt(NH,],.(OH)(NO,)] ...... 7-0 cis-[Pt(NH;),(SO,)] ... 3 
trans- - coe 34 trans- ia Por 7-0 trans- e a. 












Electrical Conductivities at 25° (see Part II, loc. cit.).—The conductivities at infinite dilution 
were obtained by means of the 1/A-(C)"~-! graph. The specific conductivity of the water was 
0-99—1-3 x 10-* mho at 25°. 








TABLE I. 
Diaquodiammino- and Tetrammino-platinous Salts. 







ee a eae Seer e Tee ON SR ETE EST 128 256 512 1024 2048 ay 
A for cis-[Pt(NH,)(H,O)9](NO,)g * .......ceeeeeeeees 225-7 237-7 250-5 263-9 — on 
»  tvans- sea a, 0. ~ 9, eiatnmmebeciasaalinalieniatiiaeiyd — 250-2 267-3 277-4 —- — 
oo. TEES Lvctkminiscsmreickeshesasmniien 244-5 261-3 2745 283-9 — ng 
“w= Ii* 
»» cis-[Pt(NH,),(H,O),](CgH,O,N,), «.......000 — — — 182-6 214-4 aime 
»  trans- ai" 94 aie piled ahaa oe rofl ee amee 252-5 — 
, fa, zero time...... anes — 
»  ets-[Pt(NH5)3(H,0)3]SO, 5’ after 24 hrs... 1489 1738 1984 2341 — a 
pram fa, zero time...... — 109 125 — — — 
oe ve \), after 3 days... — 176-3 2193 = 240-2 — — 
co « RRMA TAD . sccteomenesemabdaneannds 168-2 217-3 242-4 260-6 — _ 





* } = 213-6 mhos for v = 64. 
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The solutions were prepared rapidly, by shaking and warming to 40°. The conductivities 
of the tetramminoplatinous salts, and of the diaquodiamminoplatinous nitrates and picrates, 
showed no variation on standing. In the case of cis-diaquodiamminoplatinous sulphate, 
however, the conductivities increased rapidly during the first hour (5% at a dilution of 1024 1.) 
and had reached equilibrium after 24 hours. The values recorded for zero time were obtained 
by extrapolation. The increase in conductivity with time was still more rapid in the case 
of trans-diaquodiamminoplatinous sulphate, a 4% increase taking place in 10 minutes at a 
dilution of 10241. Equilibrium in this case was reached after 3 days. 


TABLE II. 


Diacidodiamminoplatinum Complexes. 


256 
— —_ 4-50 


” tran eee 
”.  cis-[Pt(NH,},(OH),], ore on 
»  trans- ai . 7-2 11-4 — 
The conductivities of the dinitrodiammines confirm those recorded by Jensen (loc. cit.) 
for higher concentrations, and showed no increase after 24 hours. Those of the dihydroxodi- 
ammines increased very slightly with time (1% in 24 hours for the tvans-compound at a dilution 


TABLE III. 


Hydroxoaquodiamminoplatinous Salts. 


64 128 256 512 1024 

d for cis-[Pt(NH,),(H,O)(OH)JNO, 108-1 113-3 117-3 121-0 123-5 

» trans- a= 109-9 —_ 126-5 132-6 

»  ets- [Pt(NH,),(H,0) (OH)],SO, — —_ 161-9 184-6 206-5 
There was no variation of conductivity with time. 


TABLE IV. 


Acidohydroxodiamminoplatinum Complexes. 
128 256 512 1024 
— 10-4 11-6 — 
— — 13-5 a 
4-0 69-7 — — 
»  cis-[Pt(NH,),(OH)CI) 6-9 84-8 93-5 95-6 
2-0 88-2 96-6 114-7 


Measurements were made (a) immediately after solution, (b) after 24 hours, (c) after 7 days. 


DISCUSSION OF RESULTs. 


In Table I the conductivities of the cis- and trans-diaquodiamminoplatinous nitrate 
solutions are compared with those of tetramminoplatinous nitrate, which are of the same 
order. The acidity of these solutions being assumed to be due to the equilibrium reaction 


[Pt(NHs)2(H,O),](NO;). == [Pt(NH3)2(H,O)(OH)JNO; + HNOs, 


an approximate correction can be applied. For the czs-solution at a dilution of 256 1., 
the ~q of 3-8 indicates a hydrogen ion and [Pt(NH;),(H,O)(OH)] ion concentration of 
0-000159. The corrected molecular conductivity due to diaquo-salt only is 225 mhos, 
the uncorrected value of 237-7 mhos given in the table being 5-5% too high. Similarly 
the value of 250-2 mhos given in the table for the trans-solution is subject to a correction 
of 14%, the corrected value being 216 mhos. These corrected values are 14% and 17% 
lower than the corresponding value for tetramminoplatinous nitrate. It was similarly 
found by Lamb and Yngve (J. Amer. Chem. Soc., 1921, 48, 2352) that the mobility of 
the diaquotetramminocobaltic ion is 9% lower than that of the hexamminocobaltic ion. 

The final recorded values for the cis- and trans-diaquo-sulphates are subject to similar 
corrections and comparison with the corresponding values for tetramminoplatinous 
sulphate indicates fairly complete aquation. 
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The conductivities of the aqueous solutions of the nitratohydroxo- and sulphatodi- 
hydroxo-compounds are given in Table III. It was shown in Part II (loc. cit.) that 
ammine salt solutions normally give a rectilinear »-C1/* graph, curvature of the graph 
usually indicating progressive aquation. For cis-[Pt(NH;),(OH)(NO ;)] a rectilinear 
2»-C¥8 graph was obtained, indicating complete aquation to the hydroxoaquo-salt, even 
at the higher concentrations. The data recorded in Table IV for cés-[Pt(NH,;),(OH)CI] 
indicate very incomplete aquation at the higher concentrations, and equilibrium was 
reached very slowly, but the final value obtained for a dilution of 1024 1. was only 11% 
lower than the expected value for the fully ionised salt [Pt(NH3).(H,O)(OH)]C1l. 

Ionic Mobilities —The mobilities of the tetramminoplatinous and cis-hydroxoaquodi- 
amminoplatinous ions, deduced from the data for the nitrates, are 169-2 and 58-8 mhos 
respectively at 25°. The values employed for the mobilities of the nitrate and hydrogen 
ions are 71-4 and 350 mhos. 


The author is indebted to the Chemical Society for a grant. 
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252. The Azo-group as a Chelating Group. Part III. Metallic 
Derivatives of Hydroxytriazens. 


By Marjorie ELKins and Louis HunTER. 


The co-ordinating function of the azo-group has been shown to extend to the 
hydroxytriazens, from which a series of chelate copper, nickel, cobalt, and ferric 
derivatives has been prepared. These metallic compounds possess greater thermal 
stability than the parent hydroxytriazens. , 


THE salt-forming character of the hydroxytriazens (I) was first recognised by Bamberger 
and his co-workers (Ber., 1896, 29, 104; 1897, 30, 2278), who showed them to be alkali- 
soluble and to give insoluble, coloured, copper salts, though only two of the latter were 
analysed. These and numerous other metallic derivatives have now been prepared, 
and shown to be typical co-ordinated compounds. There seems to be little doubt that the 
metal atom in such compounds replaces the hydroxyl hydrogen atom and co-ordinates with 


=N‘R 


N 

\ 

R-N=N-N(OH)R’ } 2 M e4 _ 
R'N—O |x J 

NOH 


(I.) (II.) (III.) 


the azo-nitrogen atom to form a five-membered ring (II). 

The typical dark green, blue, and black colours produced by the action of ferric chloride 
on hydroxytriazens (Bamberger and Renauld, Ber., 1897, 30, 2280; Gebhard and 
Thompson, J., 1909, 95, 771) are now shown to be due to the formation of coloured co- 
ordinated ferric salts, several of which have been isolated in the pure state. In addition 
to these, well-defined cupric, nickel, cobaltous, and cobaltic salts have been prepared. 
They are highly coloured crystalline solids (the parent hydroxy-compounds are colourless 
or only faintly coloured), readily soluble in organic solvents, with m. p.’s which, in spite 
of their high molecular weights, are seldom above 200°. They dissolve readily in pyridine, 
with which they frequently form stable addition compounds. 

By analogy with the structure assigned to these metallic derivatives, it would appear 
that the parent hydroxytriazens are themselves internally co-ordinated, and this is 
supported by their ready solubility in hydrocarbon solvents, and their low m. p.’s. 
Determinations of molecular weight in benzene show that, although there is some association 
in this solvent, it is not nearly so great as that exhibited by nitroso-compounds and oximes, 
to which the hydroxytriazens might be expected to show some resemblance. This 
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diminution of the usual associating character of the hydroxyl group is interpreted as 
evidence of its engagement (at least in’a high proportion of molecules) by chelate ring- 
formation. It is also of interest to compare the properties of these compounds with those 
of benzaziminol (III). The latter compound contains the same hydroxytriazen grouping 
as part of a cyclic system, the consequent cis-configuration precluding the possibility of 
internal co-ordination of the hydroxyl hydrogen atom. This compound differs completely 
from its open-chain analogues in being water-soluble and sufficiently strongly acidic to 
decompose sodium carbonate. Its metallic derivatives are true salts showing no chelate 
properties. 

It being assumed that the co-ordination of hydrogen is a resonance phenomenon 
(Sidgwick, Ann. Reports, 1933, 30, 112), it appears probable that the hydroxytriazens 
should be capable of synthesis by the two alternative routes A and B. Route A is the 
normal method for their preparation. The experimental realisation of route B is prevented 


H Ar-N—N Ar-N—N O 
A IN B 
Ar-N,Cl + \NR —> 4H ‘er ff N-R <— Ar-NH-NH, + DNR 


rol 
HO a of O 





resonance hybrids 


by the strong reducing action of the arylhydrazines except in the single example of the 
formation of benzaziminol by the action of alkali on o-nitrophenylhydrazine (Nietzki and 
Braunschweig, Ber., 1894, 27, 3381); but the formation of hydroxytriazens by the action 
of phenylhydrazine on two molecular proportions of a nitroso-compound (Bamberger and 
Biisdorf, Ber., 1896, 29, 103; 1900, 38, 3510; Bamberger and Stiegelmann, 7bid., 1899, 
32, 3554) is essentially reaction B. 

Instances similar to the above, of alternative methods of preparation of chelated 
hydroxy-compounds are not lacking, the o-hydroxyazo-compounds (by diazo-coupling or 
by quinonehydrazone formation) and the o-nitrosophenols (by direct nitrosation or by 
quinonoxime formation) being the best known. Other hitherto obscure reactions find 
ready explanation by similar formulation; ¢.g., the alternative preparations of nitroso- 
phenylhydroxylamine 

oe ote Ph:N—N O 
Ph‘NH-OH + HNO, —> 6S FS eee 


“a ra Xo 


-) 


+ H,NOH 





and of the arylsulphonylphenylhydroxylamines, 
Ph-N—SO-Ar = Ph:N<SoO-Ar 

X pecs Sy 

Ph-NH-OH + Cl-SO,Ar —> o” O O O <— Ph:NO + ArSO-OH 


H 





Y 


EXPERIMENTAL. 


The parent hydroxytriazens were prepared by the method of Bamberger and Renauld (loc. 
cit.) by coupling a diazonium salt with a hydroxylamine, obtained by reduction of the corre- 
sponding nitro-compound. The crude products were impure and highly coloured, and were 
purified by repeated crystallisation (charcoal) from alcohol or from benzene-—light petroleum. 
They usually explode on heating above their m. p.’s, a property which complicates their 
analysis; the figures for nitrogen analysis (carried out by the micro-combustion method by 
Drs. Weiler and Strauss, Oxford) are, as a result, frequently too low. 

Metals were estimated by destroying organic matter by cautious treatment with concentrated 
nitric acid (frequently moderated by the addition of alcohol or acetone), followed by sulphuric 
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acid under Kjeldahl conditions. The metals were then estimated gravimetrically by using 
the following organic precipitants: salicylaldoxime for copper; dimethylglyoxime for nickel ; 
anthranilic acid for cobalt (Funk and Ditt, Z. anal. Chem., 1933, 91, 332; 1933, 93, 241); and 
5 : 7-dichloro-8-hydroxyquinoline for iron (Berg, Z. anorg. Chem., 1932, 204, 212). 

1-Hydroxy-3-phenyl-1l-methyltriazen, crystallised repeatedly from aqueous alcohol, and 
decolorised with charcoal, formed cream-white silky needles, m. p. 72—73° (Bamberger and 
Renauld gave m. p. 69—70°). The apparent molecular weights (Calc.: M, 151) determined 
cryoscopically in benzene were as follows : 


G. solute/100 g. benzene 144 2-66 4:16 595 7-31 
Apparent molecular weight 152 164 172 182 = 187 


The cupric compound, obtained in theoretical yield by the dropwise addition of aqueous- 
alcoholic copper acetate to a warm alcoholic solution of the triazen, crystallised from alcohol as 
deep rust-red, shining, rhomboid platelets, m. p. 159—160° (Bamberger and Renauld gave m. p. 
156°) (Found: Cu, 17:3. Calc.: Cu, 17-5%). The nickel compound, obtained similarly, 
crystallised from alcohol in small, lime-green, elongated platelets, m. p. 182° (Found: Ni, 16-3. 
C,,H,,0,N,Ni requires Ni, 164%). By dissolving this in hot pyridine and precipitating with 
water, a dipyridino-compound was obtained as deep pink needles, m. p. ca. 145° after losing 
pyridine at about 100° (Found: Ni, 10-9. C,,H,,0,N,Ni,2C;H,;N requires Ni, 11-3%). It 
rapidly lost pyridine on standing in air, and was dried for analysis in an atmosphere of pyridine. 
The ferric compound, obtained similarly by the action of ferric acetate on the triazen, formed 
a coarse blue-black crystalline powder, having a violet streak, m. p. 176° (Found: Fe, 11-1. 
C,,H,,O,N,Fe requires Fe, 110%). The cobaltic compound was prepared in good yield by the 
action of aqueous-alcoholic cobaltous acetate on a cold alcoholic solution of the triazen in the 
presence of hydrogen peroxide. Recrystallised from acetone containing hydrogen peroxide, 
it formed purple-black, shining, rectangular plates, m. p. 165° (Found: N, 24-4; Co, 11-4. 
C,,H,,0,N,Co requires N, 24:7; Co, 11-6%). By excluding hydrogen peroxide from the 
preparation, a brown powder was obtained which contained the cobaltous compound mixed 
with the cobaltic compound. The ¢ripyridinocobalious compound was prepared by heating 
the cobaltic compound in pyridine solution for a short time and precipitating with cold water. 
The oil at first formed rapidly solidified, and on recrystallisation from pyridine formed bright 
rust-red platelets, m. p. 116—120°, losing pyridine from about 112° (Found: N, 20-8; Co, 
9-6. C,,H,,0O,N,Co,3C,H,N requires N, 21-1; Co, 9-9%). 

1-H ydroxy-3-o-tolyl-1-methyliriazen, prepared by coupling o-toluenediazonium chloride with 
methylhydroxylamine, formed large cream-white plates from dilute alcohol, m. p. 51°, exploding 
above this temperature (Found: N, 23-6. C,H,,ON, requires N, 25-4%). The cupric 
compound crystallised from alcohol in light brown feathery needles, m. p. 169—170° (Found : 
Cu, 16-3. C,,H,,O,N,Cu requires Cu, 16-2%), and the nickel compound from acetone in lime- 
green hexagonal platelets, m. p. 208° (Found: Ni, 15-3. C,gH,O,N,Ni requires Ni, 15-2%). 
The ferric compound was obtained as small black needles with a golden lustre, giving a purple- 
black streak, m. p. 168° (Found: N, 23-7; Fe, 10-6. C,,H;,0,N,Fe requires N, 23-0; Fe, 
10:2%). The cobaltous compound was prepared by the action of cobaltous acetate on an 
alcoholic solution of the triazen in an atmosphere of hydrogen. It was quickly filtered off and 
dried, being stable in air, but rapidly oxidised in solution. It formed small feathery yellow- 
brown needles, m. p. 171° (Found : Co, 15-7. C,H ,90,N,Co requires Co, 15-2%}. The cobaltic 
compound, prepared as before in the presence of hydrogen peroxide, formed a purple-brown 
amorphous powder, m. p. 136° (Found: Co, 10-7. C,,H3;,0,N,Co requires Co, 10-7%). 

1-Hydroxy-3-m-tolyl-1-methyliriazen formed cream-white platelets or meedles when 
precipitated rapidly by cooling in ice from benzene-light petroleum, m. p. 74°, exploding above 
this temperature (Found: N, 24-7. C,H,,ON, requires N, 25-4%). The cupric compound 
was obtained in the form of large irregular red-brown plates with a silver lustre, m. p. 140—141° 
(Found: N, 21-4; Cu, 15-6. C,gH,O,N,Cu requires N, 21-5; Cu, 162%). The nickel 
compound formed lime-green rhomboidal platelets from acetone, m. p. 180° (Found: Ni, 14-9. 
CigHO,N,Ni requires Ni, 15-2%); when crystallised from pyridine it deposited an unstable 
pyridine addition compound as deep pink needles, which rapidly lost pyridine, turning yellow 
and ultimately leaving a residue of the original lime-green nickel compound. The ferric 
compound was obtained as a dark blue oil which solidified but could not be crystallised. The 
cobaltous compound, obtained as before in an atmosphere of hydrogen and rapidly dried, formed 
short olive-green needles, m. p. ca. 125° if heated rapidly, but softening at 130° and melting at 
155° if heated slowly. This behaviour is due to its rapid change to the cobaltic condition on 
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heating (Found: N, 21-8; Co, 14-6. C,gH,O,N,Co requires N, 21-7;- Co, 15:2%). The 
tripyridinocobaltous compound formed fine light orange needles by the addition of water to a 
pyridine solution of the cobaltous compound. It melted between 130° and 135°, but began 
to lose pyridine at a lower temperature (Found: Co, 8-4. C gH, O,N,Co,3C;H;N requires 
Co, 94%). The cobaltic compound, prepared as before, formed shining purple-black rhomboidal 
platelets from acetone, m. p. 158° (Found: Co, 10-6. C,,H3,0,;N,Co requires Co, 10-7%). 

1-Hydroxy-3-p-tolyl-1-methyliriazen, precipitated by rapidly cooling a benzene—light petroleum 
solution, formed cream-white needles, m. p. 115—116° and exploding above this temperature 
(Found : N, 24-8. C,H,,ON; requires N, 25-4%). The cupric compound formed light red-brown 
platelets with a silver lustre, m. p. 187° (Found : Cu, 16-2. C,gH.O,N,Cu requires Cu, 16-2%). 
The nickel compound was a dull yellow crystalline powder, m. p. 227° (Found: N, 21-4; Ni, 
15-0. C,gH O,N,Ni requires N, 21-7; Ni, 15-2%); a pyridine addition compound was formed 
as pink-buff needles which lost pyridine during filtration and rapidly reverted to the original 
dull yellow nickel compound. The ferric compound formed blue-black rectangular platelets 
from acetone, m. p. 176° (Found: Fe, 10-1. C,,H,,0,N,Fe requires Fe, 10-2%). The 
cobaltous compound formed a coarse crystalline powder, orange from alcohol, rust-red from 
acetone, m. p. 184—186° (Found: Co, 15-3. C,gHO,N,Co requires Co, 15-2%). It was 
stable in air, and only oxidised in solution after standing for several hours. By dissolving it in 
cold pyridine and adding water, a pyridine addition compound was precipitated as bright 
scarlet needles which rapidly lost pyridine in air, reverting to the rust-red cobaltous compound. 
The cobaltic compound was obtained as small, mauve, feathery needles from acetone, m. p. 
156° (Found: Co, 10-9. C,,H,,0,N,Co requires Co, 10-7%). On heating a concentrated 
solution in pyridine for 15 minutes and cooling, the scarlet cobaltous pyridine compound was 
deposited. 

1-H ydroxy-3-B-naphthyl-1-methyliriazen was obtained by repeated crystallisation from a 
benzene-light petroleum mixture as cream platelets, m. p. 143—144°, exploding above this 
temperature (Found: N, 21-1. C,,H,,ON, requires N, 20-9%). It slowly darkened on 
exposure to light. The apparent molecular weights (Calc. : M, 201) determined cryoscopically 
in benzene were as follows : 


G. solute/100 g. of benzene 1-01 1-52 2-08 2-44 
Apparent molecular weight 192 199 208 212 


The cupric compound formed a pale buff microcrystalline powder, m. p. 212° (Found: Cu, 
13-4. C,,H.,O,.N,Cu requires Cu, 13-7%). The nickel compound formed feathery orange 
needles from alcohol; it was purified by heating the pyridine addition compound at 120° to 
constant weight, forming a deep ochre-yellow crystalline powder, m. p. 216° (Found: N, 18-2; 
Ni, 12-5. C,,H,,0,N,Ni requires N, 18-3; Ni, 12-8%). Addition of water to a pyridine solution 
precipitated a dipyridino-compound as a pink-brown crystalline powder, losing pyridine on 
heating to about 90° (Found: Ni, 9-6; loss on heating, 26-7. C,,H,,O,N,Ni,2C;H,;N requires 
Ni, 9-6; loss for 2C,H,N, 25-6%). The ferric compound formed a very finely divided amorphous 
purple-blue powder, m. p. 155°, the analysis of which showed it to be somewhat impure (Found : 
N, 17-5; Fe, 10-5. C33H3,0,;N,Fe requires N, 19-2; Fe, 85%). The cobaltous compound 
was obtained in an impure condition as a light brown powder, giving a brown oily pyridine 
addition compound which could not be obtained crystalline. The cobaltic compound formed 
purple-grey feathery needles from acetone, m. p. 170° (Found : N, 18-5; Co, 8-5. C33H3g0,N,Co 
requires N, 19-1; Co, 8-9%). 

1-Hydroxy-1 : 3-diphenyltriazen was obtained as pale yellow needles, m. p. 127—128° 
(Bamberger and Biisdorf, loc. cit., gave 126—127°), darkening on exposure to light. Apparent 
molecular weights (Calc. : M, 213) determined cryoscopically in benzene were as follows : 


G. solute/100 g. of benzene 0-56 1-23 1-92 2-78 
Apparent molecular weight 191 201 206 217 


The cupric compound was obtained by precipitation from chloroform solution with light 
petroleum as light copper-coloured needies having a strong metallic lustre, m. p. 190—192° 
(Found : Cu, 12-9. C,,H,90,N,Cu requires Cu, 13-0%). The nickel compound formed a bright 
yellow microcrystalline powder from acetone, m. p. 211° (Found: Ni, 11-9. C,,H,.0,N,Ni 
requires Ni, 12-1%). Precipitation of a pyridine solution by the addition of water yielded an 
olive-green crystalline dipyridino-compound, which was unstable in air, and was dried 
for analysis in an atmosphere of pyridine vapour (Found: loss on heating, 25-8. 
Cy4HyO,N,Ni,2C;H,N requires 2C,H,N, 24:-7%). An impure ferric compound was obtained 
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from pyridine as a shining, jet-black, crystalline powder, m. p. 156° (Found: N, 16-7; Fe, 11-8. 
C,,H3,0,N,Fe requires N, 18-2; Fe, 8-1%). The cobaltous compound was obtained from 
acetone as a khaki-coloured powder consisting of micro-needles, m. p. 175° (Found : Co, 12:1. 
Cy,4HO,N,Co requires Co, 12-2%). It was stable in air, and oxidised only slowly in solution. 
It gave a dipyridino-addition compound, which formed a red-brown crystalline powder having 
a yellow streak, m. p. 120—125° after losing pyridine at ca. 115° (Found: Co, 
8-9. C,,H,,O,N,Co,2C,H,;N requires Co, 9-2%). The cobaltic compound was obtained as a 
dark greenish-brown amorphous powder, m. p. 108—109° (Found: Co, 86. C3gH,90,;N,Co 
requires Co, 8-5%). 

1-Hydroxy-3-p-tolyl-1-phenyliriazen, prepared by coupling diazotised p-toluidine with a 
solution containing phenylhydroxylamine freshly prepared from nitrobenzene, formed large 
lemon-yellow needles from alcohol, m. p. 131°, and exploding above this temperature (Found : 
C, 69-1; H, 58; N, 18-2. C,,H,,ON, requires C, 68:7; H, 5-7; N, 185%). The cupric 
compound formed a buff amorphous powder from acetone, m. p. 191° (Found: Cu, 12:7. 
C,,H,,O,N,Cu requires Cu, 123%). The nickel compound was obtained from alcohol as a 
deep yellow powder, which was purified by heating the pyridine addition compound at 140° 
to constant weight. It formed deep gold, square platelets, m. p. 222° (Found: Ni, 11-2. 
C,,H,,0,N,Ni requires Ni, 11:5%). By precipitating a warm pyridine solution with water a 
dipyridino-compound was obtained as a coarse, golden-brown, crystalline powder which lost 
pyridine on heating (Found: Ni, 8-7. C,,H,,O,N,Ni,2C,H,N requires Ni, 88%). The ferric 
compound formed a jet-black amorphous powder, m. p. 155° (Found: Fe, 7:7. C3gH3,0;N,Fe 
requires Fe, 7-6%). The cobalious compound formed minute light brown needles from acetone, 
m. p. 184° (Found: Co, 11-3. C,,H,,O,N,Co requires Co, 11-5%); it was stable in air, and 
oxidised only slowly in solution. By crystallisation from pyridine, a red-purple crystalline 
pyridine addition compound was obtained which lost pyridine explosively on heating. The 
cobaltic compound formed a dark greenish-brown amorphous powder, m. p. 117° after softening 
at 105° (Found : N, 16-8; Co, 8-4. C,,H;,0,;N,Co requires N, 17-1; Co, 8-0%). The substance 
decomposed in hot solvents, and all attempts at recrystallisation resulted in the formation of 
low-m, p. tars. 


UNIVERSITY COLLEGE, LEICESTER. (Received, July 2nd, 1938.) 





253. Complex Formation between Polynitro-compounds and Aromatic 
Hydrocarbons and Bases. Part VI. The Interaction between s-T'ri- 
nitrobenzene and some Aromatic Bases. 


By (Miss) B. R. Hamitton and D. Li. HAMMIcK. 


The relative stabilities of the coloured complexes formed in carbon tetrachloride 
solution between s-trinitrobenzene and a series of aromatic bases have been determined 
by a colorimetric method previously described. It is found that in general the stronger 


the base the more stable the complex. 
The influence of the structure of the constituent base on the maximum of absorption 


of the coloured complexes is illustrated. 


In Parts III and V (J., 1936, 1463; this vol., p. 764) it has been shown that the stabilities 
of the coloured products of the interaction of tetranitromethane with aromatic hydrocarbons 
can be compared by finding the variation of colour density as increasing quantities of 
hydrocarbon are-added to a fixed amount of nitro-compound, the volume of the mixture 
(in carbon tetrachloride) being kept constant. We have now applied an exactly similar 
technique in an investigation of the interaction with the production of colour that takes 
place when s-trinitrobenzene is mixed with aromatic bases in carbon tetrachloride solution.* 

If to a fixed weight (a g.) of s-trinitrobenzene, progressively increasing quantities 


* It is generally agreed that there is no essential difference in the nature of the interaction, what- 
ever it may be, that occurs between nitro-compounds and aromatic hydrocarbons on the one hand and 
organic bases on the other. We have therefore brought the present paper into line with the previous 
articles by adding “‘ and bases ” to the general title of the series. 
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(6 g.) of base are added in carbon tetrachloride to a constant volume V = 4 c.c., then the 
variation of D, the colour density of the mixture, with 0 is related to the equilibrium 
constant 

K = [coloured complex]/[trinitrobenzene] . [base] 


by the equation (@D/0b)4 y = edaK /V?, when K is small, so that 


(ay [a Pay area: 


where ¢ is the extinction coefficient for a given wave-length, and d = 2 cm. is the thickness 
of the absorbing solution (loc. cit.). 

In the table below are collected values of edK found from the linear plots of D/(a/V) 
against b/V for admixtures of various bases with s-trinitrobenzene in carbon tetrachloride 
at two temperatures, 25° and 60°. To save space, individual values of D and 6 are not 
given (smoothed values of D for given values of 6 can be found, if required, from the quoted 
values of the slopes and of a and b); the groupings of values of D/(a/V) for values of b/V 
remy a er straight line were in all cases as close as those quoted in previous papers 
(loce. ctt.). 

The two values of b/V are the extreme concentrations in g.-mol./l. of the added base 
in the constant volume V = 0-004 1. of carbon tetrachloride, in which the concentration of 
s-trinitrobenzene was in all cases 0-0125 g.-mol./l. Under (edK), are the values of the 


slopes . : 
(2 av ® V):, 


at 25° and 60°; d is the wave-length at which D was determined; K;, is the basic 
constant calculated from the acid dissociation constant for the corresponding anilinium 
ions (Brénsted and Duss, Z. physikal. Chem., 1925, B, 117, 299); — AH is the heat of 
interaction calculated by means of the van’t Hoff isochore, AH = [0(log,edK)/0T]RT?; 
and the other symbols are as already defined. 
—AH, 
Base. b/V. [edK]oe.  [edK]or. Ks X10% Aa. kg.-cals. 
o-Toluidine 0-0198—0-1586 813 571 . 2-0 
m- 0-0750—0-2499 514 359 
0-0502—0-2006 562 414 1 
0-1074—0-3759 314 223 
0-0463—0-2777 195 126 
m- os 0-0456—0-2733 130 91 
p- ih 0-0437—0-2619 298 204 
o-Chloroaniline 0-1025—0-7175 160 110 
m- ‘i 0-1010—0-6060 114 80 
fr a 0-0943—0-5186 239 170 
ethylaniline 0-0497—0-3476 458 305 
Dimethylaniline 0-0256—0-1533 1089 675 
Diphenylamine 0-0710—0-3078 386 279 
Triphenylamine 0-1224—0-3673 203 168 
o- Naghdhylamins 0-0035—0-0212 3132 1598. 
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With a knowledge of ¢, the extinction coefficient, we could obviously find K in each 
case and so compare the stabilities of the coloured products of the base-nitro-compound 
interactions. As, however, « cannot be determined, we have to proceed on the assumption 
that, for a given wave-length, ¢ for the coloured complex does not vary much with variation 
of the constituent base. The validity of this assumption has been confirmed (J., 1936, 
1463) in cases where the orders of stability of nitro-compound-hydrocarbon complexes, 
derived from colour measurements (edK, as above), have been found to agree with orders 
based on absolute values of K (loc. cit.). Bearing this in mind, we notice that the order 
of stability (edK) of the coloured products of interaction diminishes from the toluidines 
through aniline and the bromoanilines to the chloroanilines, this being the order in which 
the basicity of the bases might be expected to diminish under the influence of the inductive 
effects of the substituents in the aniline molecule. Comparison with the values K, of the 
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experimentally derived basicity constants shows that basic strength and stability of complex 
run roughly parallel. It must, however, also be noticed that the sequence of edK values 
places aniline as a weaker reagent towards trinitrobenzene than the toluidines, whereas 
as a base it comes between o- and m-toluidine. Moreover, the o-, m-, p-sequences on the 
colour basis are not those of the true basicities. The basic strengths of the isomerides are, 
where known accurately, in the order 0o-<m-<#-; on the colour basis for the toluidines 
(+ I), the o- forms a more stable complex than the p-isomer, the opposite of what is found 
for the halogen derivatives in which the inductive effect is — J. 

Direct comparisons of the edK values for the N-substituted anilines and «-naphthyl- 
amine with those of the other anilines are not possible because, owing to the differences 
in tint, colour densities could not in the former cases be measured at the same wave-length 
as in the latter. Nevertheless, having found with the nuclear-substituted anilines that, 
on the whole, the stronger the base the more stable are the nitro-compound complexes, 
we should expect to find that the latter would increase in stability in the order aniline, 
methylaniline, dimethylaniline. The values of edK are, in fact, in this order, even though 
the colour densities upon which they depend were measured at slightly different wave- 
lengths. Similarly, the diminishing basicity in the sequence aniline, diphenylamine, 
triphenylamine is followed by the order of complex stability as indicated by the sequence 
of the values of edK 

Some relation between the electron-donating power (which is measured by its basicity) 
of a base and the stability of the complex it forms with a nitro-compound is to be expected 
if the views developed by Bennett and co-workers as to the mechanism of the interaction 
and the structure of the products are correct (J., 1928, 2305; 1929, 256; 1936, 1108). 
Evidence is, however, accumulating that these and analogous interactions may be due 
to mutual polarisation and attraction of benzene nuclei face to face at distances apart 
that preclude the existence of any kind of chemical bond between them (Briegleb, ‘‘ Ahrens 
Sammlung,” Part 37, New Series, 1937; Anderson, Nature, 1937, 140, 583; H. W. Powell, 
private communication). Should it ultimately turn out that this view is correct, it will be 
impossible to associate the production of colour that almost always accompanies these 
interactions with the setting up of specific structures in the ordinary chemical sense. It 
is, moreover, the fact that polynitro-compounds absorb strongly in the near ultra-violet, 
and it is not a priori impossible that alteration in the intramolecular fields resulting from 
intermolecular polarisations may result in a shift in absorption towards the region of longer 
wave-length (Briegleb, op. cit.). 

In the course of the present work we have measured the variation in colour density 
with wave-length for the coloured solutions in carbon tetrachloride of the various base- 
trinitrobenzene complexes. For aniline and its nuclear-substituted derivatives the shapes 
of the absorption curves in the violet show that the maxima of absorption lie just outside 
the visible in the ultra-violet; all the N-substituted aniline complexes studied have, 
however, maxima in the visible violet. The wave-lengths, 4, at maximum absorption are 


as follows : 
Methyl- Dimethyl- Diphenyl- Triphenyl- a-Naphthyl- 
Aniline. aniline. aniline. amine. amine. amine. 
PEs winusiunnenaiceses 4200 4900 4600 4900 4700 


It will be noticed that the heats of interaction, — AH, of s-trinitrobenzene with the 
various bases are of the same order (ca. 2 kg.-cals.) as the heats of interaction of polynitro- 
compounds in general with aromatic hydrocarbons (Briegleb, op. cit.; Parts III and V 
of this seriés; /occ. cit.). Briegleb has pointed out that the induction energy between a 
dipole » ~ 4D. (nitro-group) and a non-polar but polarisable hydrocarbon molecule at a 
distance of 3 A. is about 2 kg.-cals. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, July 14th, 1938.] 
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254. The Alkaloids of Alstonia Barks. Part III. Alstonine. 
By Tuomas M. SHARP. 


The genus Alstonia is widely distributed throughout the tropics except in America, 
and the barks of many species have long had reputations as febrifuges. The present 
paper describes preliminary attempts to determine the structure of alstonine, 
C,H 9O3N2, the chief alkaloid of an Australian species, A. constricta, F. Muell. 

Alstonine on reduction yields a tetrahydro-derivative which is shown by hydrolysis 
and re-esterification to be a methylester. Oxidation with permanganate gives rise to 
N-oxalylanthranilic acid. Exhaustive methylation, by means of either Emde’s 
method or catalytic reduction, fails before either of the nitrogen atoms is eliminated. 
The action of bromine on the alkaloid is described. Selenium dehydrogenation causes 
the loss of the methyl ester group which appears among the volatile products of the 
reaction as dimethyl diselenide; and an oxygen-free base, alstyrine, C,,H,.N, or 
C,H. Nz, is produced. The behaviour of the latter on exhaustive methylation has 
been studied: As in the case of alstonine, nitrogen is not eliminated, but bases are 
produced which give indole colour reactions. 


ALSTONINE, the main alkaloid of Alstonia constricta, F. Muell., has been shown (J., 1934, 
287) to have the formula C,,H,,O3;N,, to contain one methoxy-group but no methyl 
attached to nitrogen, and to be a mono-acidic, tertiary base. 

In Part I (loc. cit.) it was stated to be unaffected by catalytic reduction using either 
palladium-barium sulphate or platinum oxide catalyst. This is true of the salts, but it is 
now found that the base is readily reduced in the presence of platinum oxide with 
the formation of tetrahydroalstonine, C,,H,,O,;N,, which in contradistinction to alstonine 
is colourless. Tetrahydroalstonine is fairly stable towards alkalis, but can be hydrolysed 
by long boiling with 20% alcoholic potassium hydroxide yielding an amphoteric substance, 
tetrahydroalstoninic acid, Cy9H,20;N,., which contains no methoxy-group and can be 
esterified with methyl alcohol with re-formation of tetrahydroalstonine. The methoxy- 
group in alstonine and tetrahydroalstonine is therefore present as a methyl ester; the 
function of two of the oxygen atoms is determined, and alstonine falls into line with 
echitamine, the alkaloid of many species of Alstonia (Goodson and Henry, J., 1925, 127, 
1642; Goodson, J., 1932, 2626), and perhaps with yohimbine. The stability of the ester 
towards alkali is rather unusual but not without precedent (cf. the stability of dihydro- 
cyclogeranic acid methyl ester; Ruzicka and Thomann, Helv. Chim. Acta, 1933, 16, 219). 
Tetrahydroalstonine is unaffected by acetic anhydride or by semicarbazide. 

With bromine water, alstonine sulphate gave a yellow precipitate of an unstable 
compound, which was decomposed by boiling alcohol, forming a stable compound 
C,,H,,0,N,Br,,HBr. The function of the new oxygen atom could not be determined. 
It did not yield a semicarbazone and gave tarry products with acetic anhydride. When 
reduced catalytically in the presence of calcium carbonate, it formed two compounds, 
C,,H_203N, and C,,H,,0,N,Br. The former is generated by replacement of both bromine 
atoms by hydrogen and removal of an oxygen atom, presumably from a hydroxyl group; 
and the latter by replacement of one bromine atom by hydrogen. As these reactions 
did not appear to give any immediate clue to the constitution of the alkaloid, no further 
study of the compounds was made. 

Alstonine was readily oxidised by permanganate, yielding a mixture from which N- 
oxalylanthranilic acid was separated and identified (mixed m. p., and mixed m. p. and 
analysis of the methyl ester). This acid has been obtained by permanganate oxidation 
of 4: 3-pyrroloquinoline (Diesbach, Bie, and Rubli, Helv. Chim. Acta, 1934, 17, 113), 
strychnine, and yohimbic acid (Spath and Bretschneider, Ber., 1930, 63, 2997), and various 
quinoline derivatives, and indicates the presence in the molecule of either a quinoline or an 
indole nucleus. 

When alstonine was heated with selenium there was formed dimethyl diselenide and an 
oxygen-free compound, C,,H,.N, or CygHogNo, for which the name alstyrine is proposed. 
A choice cannot at present be made between these two formule as the evidence is conflicting. 
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The dimethyl diselenide produced in the reaction was obviously derived from the methyl 
ester grouping, since it was also produced when tetrahydroalstonine was dehydrogenated, 
but not when tetrahydroalstoninic acid (which does not contain this group) was similarly 
treated; alstyrine was also formed in each case. This evidence in favour of the C,, formula 
is supported by analysis of alstyrine and of its methiodide. The evidence for the C,, 
formula comes from a study of the reductive degradation. When alstyrine methochloride 
was reduced catalytically, 3 mols. of hydrogen were absorbed and a tertiary hydromethine 
base produced, which was amorphous but gave with methy] iodide a crystalline compound, 
alstyrine hydromethine methiodide. The analyses of this methiodide and of the corre- 
sponding methochloride agree with the formula C,,H,;N(CHs),I; 7.e., CH, less than would 
have been expected on the basis of the C,, formula for alstyrine. The compound contains 
two methyl groups on nitrogen, so that, so far as the groups involved in the degradation 
are concerned, the reaction has taken a normal course. Acceptance of the C,, formula for 
alstyrine involves the assumption that a CH, group has been lost either in the reduction 
of alstyrine methochloride or in the subsequent methylation. No analogous loss of a 
methyl group appears to have been recorded. 

Alstyrine hydromethine methochloride was not degraded further by catalytic reduction. 
There was a slow absorption of hydrogen with platinum oxide as catalyst, but no tertiary 
base was formed. When reduced by Emde’s method (Amnalen, 1912, 391, 88), however, an 
amorphous ether-soluble second methine base giving indole colour reactions was formed. 
It yielded an amorphous second methine methiodide with methyl iodide. The corre- 
sponding methochloride when heated with sodium amalgam did not evolve trimethylamine, 
nor was an ether-soluble base formed. Similarly, the corresponding quaternary base 
failed to give trimethylamine on heating. 

An attempt to gain an insight into the constitution by the reductive degradation of 
alstonine itself has not given more favourable results. Alstonine methiodide formed a 
crystalline hydromethine base, C,,H,,0;N,°CH;, on catalytic reduction. The latter was 
methylated further to form alstonine hydromethine methiodide, C,,H_303N2(CHs).I, whose 
methochloride was changed by catalytic reduction to a compound, C,.H,,0,;N,I, which 
was still quaternary but appeared to have lost CH,. Consistent figures could not be 
obtained in the N-methyl determinations, but the results indicated that the two methyl 
groups on nitrogen were intact. Reduction by Emde’s method was not possible with this 
compound as, like alstonine, it is sensitive to alkalis and forms intractable tars. The 
attempt to degrade tetrahydroalstonine was still less favourable. It formed a methiodide 
and methochloride, but no tertiary base or any other crystalline compound could be 
isolated on reduction. 

The formation of dimethyl diselenide in selenium dehydrogenatioris does not seem to 
have been observed before. Ruzicka, Meyer, and Mingazzini (Helv. Chim. Acta, 1922, 5, 
345, 581) have suggested that in the sulphur dehydrogenations of, e.g., selinene and abietic 
acid, the tertiary methyl groups are eliminated as methylthiol, but they do not appear 
actually to have isolated it. Itis possible that the first stage in the production of dimethyl 
diselenide from alstonine is the formation of methyl hydrogen selenide. The latter is 
readily oxidised, especially in the presence of water, to dimethyl diselenide (Goddard, 
Friend’s ‘“‘ Textbook of Inorganic Chemistry,’”’ Vol. XI, Part IV, p. 3). If dimethyl 
diselenide is produced by the selenium dehydrogenation of compounds such as sterols, 
sesquiterpenes, etc., containing tertiary methyl groups, its isolation might make it a 
useful diagnostic agent, where the removal of such a group is in doubt. The author has 
not had an opportunity of testing such compounds, but has found in one case where the 
compound happened to be available, viz., demethylechitamine (which does not contain 
a methoxy-group), that a methyl group on nitrogen is also eliminated as dimethy] diselenide. 


EXPERIMENTAL. 


Tetrahydroalstonine.—Crystalline alstonine base (Part I, Joc. cit.) (2-0 g.) was suspended in 
methyl alcohol (55 c.c.) mixed with 0-1 g. of platinum oxide, and shaken with hydrogen until 
the solution was practically colourless. Absorption was rapid at first, but became slower as the 
reaction product crystallised out on the catalyst; 235 c.c. of hydrogen were absorbed in 4—5 
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hours (calc. for C,,H.0O,;N;,sH,O: 2H,, 242 c.c.). More methyl alcohol was added, and the 
liquid boiled to dissolve the reaction product, filtered from catalyst, and concentrated to yield 
tetrahydroalstonine as colourless glistening rods, m. p. 230—231° (corr.), [a]p —107-0° (c = 1-045, 
chloroform) (Found: C, 71-8, 71:75; H, 7-0, 7-1; N, 7-8, 7-85; OMe, 7-4. C,,H,,O,N, requires 
C, 71-6; H, 6-9; N, 7-9; OMe, 7-0%). The hydrochloride formed colourless diamond-shaped 
platelets from alcohol, m. p. 298° (corr., decomp.), [a]p» — 15-75° (¢ = 0-508, methyl alcohol) 
(Found: C, 64-9, 65-1; H, 6-75, 6-6; N, 7-2, 7-1; Cl, 9-0, 9-1. C,,H,,0,;N,,HCl requires C, 
64-8; H, 6-5; N, 7-2; Cl, 9-1%). 

Hydrolysis.—Tetrahydroalstonine (2 g.) was treated with potassium hydroxide (4 g.) and 
alcohol (20 c.c.), boiled under reflux for 6 hours, diluted with water, acidified with hydrochloric 
acid, and evaporated to dryness. The dry salts were extracted with absolute alcohol, and the 
solution on concentration deposited tetrahydroalstoninic acid hydrochloride in hygroscopic 
needles, m. p. 296° (corr., decomp.) when dry, m. p. 279° after exposure to air, [a]) — 22-1° 
(c = 0-97, methyl alcohol) (Found : C, 64-0, 64-1; H, 6-4, 6-5; N, 7:3, 7-5; Cl, 9:0; OMe, nil. 
CyoH,20,N,,HCl requires C, 64:0; H, 6:2; N, 7:5; Cl, 95%). The hydrochloride (0-1 g.), in 
methyl alcohol (2 c.c.), was saturated with hydrogen chloride and boiled under reflux for 2 hours. 
The base recovered from the solution crystallised from alcohol in rods, m. p. 230°, undepressed 
on admixture with tetrahydroalstonine. Tetrahydroalstonine was little affected by heating 
for 6 hours at 140° in a sealed tube with concentrated hydrobromic acid, and failed to yield 
an acetyl or benzoyl derivative. When heated under reflux with a large excess of methyl 
iodide for 2 hours, it formed a methiodide, which crystallised with difficulty from alcohol in 
rosettes or hard aggregates of crystals, depending upon the rate of crystallisation, m. p. 236° 
(corr., decomp.) (Found: C, 53-6, 53-5; H, 5-7, 5:7; N, 5-7, 5-8; OMe + NMe, determined 
together as NMe, 11-8, 11-9. C,,H,,O,N,,CH,I requires C, 53-4; H, 5-5; N, 5-7; OMe + NMe, 
calc. as 2NMe, 11-7%). The corresponding methochloride was shaken with hydrogen in the 
presence of platinum oxide. It absorbed about 0-4 mol. of hydrogen, but no more was absorbed 
when the solvent or the catalyst was changed or when the solution was neutral, acid, or alkaline. 
No crystalline product could be isolated. When heated for 10 minutes at 300° with an equal 
weight of selenium, tetrahydroalstonine (4 g.) evolved dimethyl diselenide, and alstyrine 
(0-8 g.) was isolated from the melt (see below). Tetrahydroalstoninic acid when similarly 
treated also yielded alstyrine, but no dimethyl] diselenide. 

Action of Bromine Water on Alstonine.—Alstonine sulphate (5 g.) in water (50 c.c.) was 
treated with freshly prepared bromine water. A yellow precipitate formed, and was filtered 
off after 10 minutes (8-44 g.). It sintered at 90° and formed an orange-coloured froth at 130°. 
The compound could not be dried for analysis, as it lost weight continuously in a desiccator 
during 15 months. When boiled with alcohol, the solid dissolved to a deep red solution, and a 
pale yellow solid quickly separated. This was recrystallised from alcohol, forming rosettes of 
thin yellow plates, m. p. 276° (corr., decomp., heated quickly) (Found: C, 42-0, 42-2; H, 3-3, 
3-35; N, 4-65; Br, 39-5; OMe, 5-0, 5-2. C,,H,,0,N,Br,,HBr requires C, 41-8; H, 3-2; N, 
4-65; Br, 39-8; OMe, 5-15%). This compound was suspended in methyl alcohol, mixed with 
calcium carbonate and platinum oxide catalyst, and shaken with hydrogen. When hydrogen 
ceased to be absorbed (2 days) the catalyst and calcium carbonate were filtered off, the filtrate 
evaporated, the residue taken up in water, and ammonia added. The precipitated bases were 
collected, converted into sulphates, and crystallised from methylalcohol. After recrystallisation 
by solution in water and addition of alcohol, the sulphate formed rosettes of yellow needles, 
m. p. 212° (decomp.), [a]p — 13-6° (c = 0-05, water) (Found: C, 51-2, 51-2; H, 4-6, 4-6; N, 
5-7, 5-7; Br, 15-9, 15-75; S, 3-1, 3-1. C,,H,,0,N,Br,}H,SO, requires C, 51-0; H, 4-5; N, 5-7; 
Br, 16-2; S, 3-2%). The mother-liquors from the sulphate were collected, the base recovered, 
and converted into hydrobromide, which crystallised from alcohol to which a few drops of water 
were added in rosettes of boat-shaped crystals, m. p. 291° (decomp.), [a]p + 162-8° (c = 0-47, 
methyl alcohol) (Found: C, 58-3, 58-5; H, 5-1, 5-1; N, 6-4, 63; Br, 18-9. C,,H,,O,;N,,HBr 
requires C, 58-5; H, 5-4; N, 6-5; Br, 18-5%). : 

Permanganate Oxidation of Alstonine.—Alstonine sulphate (20 g.) in water (150 c.c.) was treated 
with 5% aqueous potassium permanganate (1-4 1.), the temperature rising to 30°. The 
manganese dioxide was filtered off, washed well with hot water, and the combined filtrates made 
slightly acid with sulphuric acid and concentrated to about 700 c.c. Continuous ether 
extraction of this liquor furnished 4-58 g. of a dark syrup which, on standing, deposited crystals 
of oxalic acid (m. p. 98°, resolidified on further heating and remelted at 183°). The filtrate was 
dissolved in methy] alcohol but did not crystallise. When evaporated and left on a water-bath 
for some time it afforded a sublimate, which had the m. p. of methyl oxalate. Redissolution 
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in methyl alcohol then caused the separation of a small crop of crystals which after recrystal- 
lisation from water melted at 227° and did not depress the m. p. of a synthetic specimen of N- 
oxalylanthranilic acid. The filtrate was neutralised with potassium carbonate, evaporated to 
dryness, and the dry salts extracted with dry alcohol. The salts not dissolved by alcohol were 
dissolved in water, acidified, and the free acids extracted with ether (1-95 g.). This mixture was 
dissolved in methyl alcohol and treated with ethereal diazomethane. The mixed esters obtained 
on evaporation were dissolved in methyl alcohol, and deposited crystals on standing. After 
several recrystallisations, the substance was obtained in colourless needles, m. p. 151°, which 
did not depress the m. p. of synthetic methyl N-oxalylanthranilate (Found: C, 56-0; H, 4-9; 
N, 6-2; OMe, 26-2. Calc. for C,,H,,O;,N: C, 55:7; H, 4-7; N, 5:9; OMe, 26-2%). From the 
alcohol-soluble potassium salts, 0-68 g. of free acids was obtained as a red-brown varnish, but 
no crystalline substance could be isolated. The mother-liquors from the continuous ether 
extraction were evaporated to dryness, and the dry salts extracted with methyl alcohol. On 
evaporation, there remained 4-38 g. of dark-coloured oil, which was dissolved in potassium 
carbonate solution. Nothing was obtained from this solution by extraction with ether or 
chloroform. The potassium was removed by conversion into perchlorate, and the filtrate 
treated with picric acid. A crystalline picrate (m. p. 208—214°) was obtained, but it has not 
been possible to purify this, nor has any crystalline material been obtained from the regenerated 


base. 

Selenium Dehydrogenation of Alstonine.—Alstonine base (5 g.) freshly precipitated from the 
sulphate and dried in a desiccator, was powdered with an equal weight of selenium and heated 
in a metal-bath at 300° for 10 minutes in a flask fitted with a condenser and receiver. The 
mixture effervesced, and water mixed with red oily drops passed over. These were separated, 
and the oil (1-5 g. from 3 batches) dried over a pinch of magnesium sulphate and distilled. The 
first fraction (about 2 drops) boiled below 100° and was rejected. The second fraction (1-06 g.) 
boiled between 140° and 160°, and a residue was obtained which decomposed on further heating. 
The second fraction was redistilled; b. p. 150—154° (dimethyl diselenide has b. p. 155—157°; 
van Dam, Inaug. Diss., Groningen, 1930), 0-8 g.; the quantity was too small for an accurate 
b. p. determination (Found: Se, 82-3. Calc. for C,H,Se,: Se, 84:0%). The melt after cooling 
was powdered, and extracted in a Soxhlet extractor with petroleum (b. p. 60—80°). The 
petroleum on evaporation left a light yellow to brown varnish, which crystallised on addition of 
alcohol but contained selenium. (The yield varied from 0-25 to 0-8 g.) It was purified by 
distillation under 1 mm. pressure from a tube of inverted V-shape heated by a copper block 
bored to fit the tube. The compound distilled at about 210°, forming a yellow resin which 
contained a little red selenium. The resin was dissolved in alcohol, the solution filtered from 
selenium through kieselguhr, and cooled; alstyrine was deposited in pale yellow plates, m. p. 
113° (corr.) (Found: C, 81-5, 81-7, 81-35, 81-4; H, 7-7, 7-6, 7-7, 7-9; N, 10-2, 10-2, 10-4, 10-6. 
C,,H,,N, requires C, 81:95; H, 8-0; N, 10°1%. C gH, oN, requires C, 81:8; H, 7-6; N, 10-6%). 
The picrate forms yellow platelets from alcohol, m. p. 215—216° (corr.) (Found: C, 59-15, 
59-35; H, 4-8, 4:8; N, 14-2, 14-3. C,,H,,N,,C,H,O,N, requires C, 59-1; H, 5-0; N, 13-8%. 
Cy, gHggN,,CgH,O,N; requires C, 58-4; H, 4-7; N, 14-2%). Alstryrine was recovered unchanged 
after boiling for 2 hours with 50% amyl-alcoholic potassium hydroxide, and after heating in a 
sealed tube with concentrated hydrochloric acid at 130° for 15 hours. 

Degradation of Alstyrine.—Alstyrine (2-4 g.) was boiled under reflux for 7 hours with methyl 
iodide (20 c.c.), the excess of methy] iodide distilled off, and the residue crystallised from methyl 
alcohol. Alstyrine methiodide (2-9 g.) was thus obtained in yellow prismatic needles, m. p. 
221° (corr., decomp.) (Found : C, 57-4, 57-4; H, 6-25, 6-2; N, 6-7, 6-6; I, 31-0, 31-2; NMe, 6-9, 
7-0. Cy gH,.N,,CH,I requires C, 57-1; H, 6:0; N, 6-7; I, 30:2; NMe, 69%. C,sHN,,CH,lI 
requires C, 56-1; H, 5-7; N, 6-9; I, 31-25; NMe, 7-15%). 

Alstyrine methochloride, m. p. 242° (decomp.) (1-35 g.), was dissolved in water (25 c.c.), 
1-0 g. of anhydrous sodium acetate, 0-13 g. of platinum oxide, and 25 c.c. of methyl alcohol 
added, and the mixture shaken.with hydrogen. Absorption was rapid at first but became slow 
as the catalyst ‘“‘ balled ” together owing to separation of the reaction product. More methyl 
alcohol was therefore added, and the reduction continued until the solution was colourless (8 
days) (absorption about 270 c.c.). The catalyst was filtered off, the methyl alcohol evaporated, 
and the methine base extracted with ether after addition of sodium hydroxide. After 
evaporation of the ether, there remained a light orange-coloured, fusty-smelling oil (1-25 g.) 
which did not crystallise. It was boiled under reflux for 24 hours with methyl iodide (5 c.c.), 
the excess of reagent distilled off, and the residue crystallised from methyl alcohol. Alstyrine 
hydromethine methiodide was thus obtained in rosettes of soft, colourless needles, m. p, 227° 
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(corr.) but 234° if heated quickly [Found: C, 56-5, 56-65; H, 7-05, 7-2; N, 6-55, 6-6; NMe, 
14-7, 14-8. C,,H,,N,(CH;,),I requires C, 57-2; H, 7-6; N, 6-4; 2NMe, 13-2%. C,,H,;N,(CH;),I 
requires C, 56-3; H, 7-3; N, 6-6; 2NMe, 13-6%]. The methochloride, m. p. 196—197°, forms 
soft colourless needles from dry alcohol [Found: C, 71-3, 71-1; H, 9-3, 9-2; N, 8-4, 8-35; Cl, 
10-5, 10-6; NMe, 18-3, 18-1. C,,H,,N,(CH;),Cl requires C, 72-3; H, 9-5; N, 8-0; Cl, 10-2; 
2NMe, 166%. C,sH,;N,(CHs;),Cl requires C, 71-6; H, 9-3; N, 8-4; Cl, 10-6; 2NMe, 17-3%]. 
When shaken with platinum oxide and hydrogen in methyl-alcoholic solution, it absorbed but 
very little gas. The compound was therefore treated by Emde’s method. The methochloride 
from 0-77 g. of methiodide was dissolved in water (5 c.c.), heated on a water-bath, and treated 
with 4% sodium amalgam (8 g.). An oil began to separate almost at once. After 2 hours, the 
mixture was extracted with ether and yielded an amber-coloured amorphous base (0-5 g.) 
which gave a light brewn colour quickly changing to red with alcoholic vanillin and hydrochloric 
acid, and a reddish-brown coloration with Ehrlich’s reagent. The base was treated with methyl 
iodide for 24 hours on a water-bath, excess of the reagent distilled off, and the residue extracted 
with ether to remove a trace of unaltered base. The methiodide thus obtained was converted 
into methochloride, dissolved in water (2-5 c.c.), and heated on a water-bath for 44 hours with 
8 g. of 4% sodium amalgam, added gradually. No trimethylamine could be detected. The 
residue on extraction with ether gave a trace of oil (0-02 g.), which partly crystallised on addition 
of a drop of alcohol. It gave an immediate cherry-red coloration with Ehrlich’s reagent and an 
orange-colour with vanillin—hydrochloric acid. The methochloride was recovered from the 
mother-liquors, treated with silver oxide, and the base heated on a water-bath in a current of 
hydrogen for an hour. No trimethylamine was evolved, and no tertiary base could be 
recovered from the liquor. 

Degradation of Alstonine.—Alstonine methochloride (1-6 g.), from the methiodide (Part I, 
loc. cit.), was dissolved in methy] alcohol (65 c.c.) and reduced with platinum oxide and hydrogen. 
The catalyst was filtered off, washed well with methyl] alcohol, and the filtrates evaporated. The 
residue was dissolved in water, basified, and alstonine hydromethine base extracted with ether. 
It crystallised from methyl alcohol in colourless prismatic needles, m. p. 182—183° (corr.) 
(0-35 g.) (Found: C, 71-75, 71-9; H, 6-9, 7-0; N, 7-6, 7-7; OMe, 9-2, 9-25; NMe, 7-5, 7-4. 
C,,H,,;0,N,"CH, requires C, 72-1; H, 7:2; N, 7-65; OMe, 8-5; NMe, 7:9%). Alstonine 
hydromethine methiodide, formed from the methine base by boiling with methyl iodide, separates 
from alcohol as rosettes of soft needles, m. p. 276° (corr., decomp.) [Found: C, 54-2, 54-3; 
H, 5-5, 5-6; N, 5-5, 5-5; OMe, 6-3, 6-3; NMe, 9-1, 7-15, 8-5, 7-6.* C,,H,;0,N,,(CH;),I requires 
C, 54:3; H, 5-75; N, 5-5; OMe, 6-1; 2NMe, 11-4%]. The corresponding methochloride 
(0-37 g.) was dissolved in water (10 c.c.), treated with platinum oxide, and shaken with hydrogen. 
The volume absorbed was only sufficient to reduce the catalyst. The solution was in turn 
treated with sodium acetate, sodium hydroxide, and hydrochloric acid, but no reduction took 
place in any case. The catalyst was replaced by palladium on charcoal, but practically no 
absorption of hydrogen was observed. After the catalyst had been filtered off, the solution was 
acidified and treated with potassium iodide. The precipitated iodide crystallised from methyl 
alcohol in pale cream-coloured, wart-like aggregates, m. p. 257° to a red froth (Found: C, 
53-4, 53-2; H, 5-7, 5-6; N, 5-6, 5-4; OMe, 4-2, 4:2; NMe, 6to 10%.* C,,H,,O,N,I requires 
C, 53-4; H, 5-5; N, 5-7; OMe, 6-3; NMe, 5-9%). It was thought that this compound might 
be the hydriodide of alstonine hydromethine base, but a specimen of the latter, prepared from 
the base, crystallised in yellow rectangular prisms from alcohol, m. p. 262° (decomp.), and 
depressed the m. p. of the above iodide to 249°. 


The author thanks Messrs. A. Bennett and H. C. Clarke for the micro-analyses. 
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* Consistent results for NMe could not be obtained with the two compounds denoted thus. 
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255. The Oxidation of Chloroacetylene and Bromoacetylene. 
By L. A. BAsHrorpD, H. J. EMELEus, and H. V. A. BRIscoE. 


Chloroacetylene and bromoacetylene have been prepared, purified by fraction- 
ation in a vacuum, and used for precise determinations of vapour pressure. The boiling 
points are — 29-6° + 0-1° and 4-7° + 0-1°, and the latent heats of vaporisation 89 
and 58 cals. per g., respectively. Both substances are shown to oxidise by a branching- 
chain mechanism, characterised by a lower explosion limit at pressures of the order 
of 0-6—2-0 mm. for chloroacetylene and 2:-5—4-5 mm. for bromoacetylene. The 
dependence of this limit on mixture composition, on the diameter of the reaction 
vessel, and on temperature, has been studied in each case; and for chloroacetylene the 
influence of the diluent gases argon, nitrogen, and helium was also investigated. An 
upper explosion limit was observed in the case of chloroacetylene. Bromoacetylene 
and oxygen could not be mixed at higher pressures without explosion, but ignition 
could be inhibited by the addition of carbon disulphide, ethylene, or sulphur dioxide. 
The mechanism of the reactions is discussed, and the suggestion is made that the 
observed differences between the oxidation of acetylene and that of its halogen de- 
rivatives may be attributed to the relative stabilities of the peroxide-like intermediates 


ag and ag where X is chlorine or bromine. 


THE partial substitution of halogen atoms for hydrogen in an organic compound has in 
general the effect of rendering the molecule more reactive towards oxygen. There is 
little doubt that a proper understanding of the cause of this curious effect would go far 
towards elucidating the mechanism of certain reactions. So far, however, there has 
been little attempt at a quantitative approach to the problem. The choice of chloro- 
and bromo-acetylene for further study in this connexion was dictated by the fact that 
these two substances differ to a remarkable extent from acetylene in their ease of oxid- 
ation. Acetylene has an ignition point in oxygen of about 400°, depending somewhat on 
the experimental conditions, whereas the halogenated acetylenes, although little studied 
hitherto, were known to be spontaneously inflammable. As a result of the present work 
it is clear that, although these substances are indeed highly reactive to oxygen, yet when 
pure, they are stable below 100° and can be handled and kept without much difficulty. 


EXPERIMENTAL. 


Preparation of Chloro- and Bromo-acetylene-—These two compounds were prepared in a 

very pure state so that their vapour pressures could be precisely determined. For chloro- 
acetylene Hofmann and Kirmreuther’s method (Ber., 1909, 42, 4232) was modified as follows. 
Mercuric chloroacetylide was first prepared by shaking excess of s.-dichloroethylene with 
a solution of 50 g. of mercuric cyanide and 23 g. of potassium hydroxide in 200 c.c. of water 
for 48 hours. The resulting greyish sludge was filtered off, washed with a little water, dried, 
and extracted (Soxhlet) with hot chloroform. The salt Hg(CiCCl), crystallised on cooling 
as colourless, rectangular, strongly lustrous plates (yield of recrystallised product 15 g., m. p. 
185°). 
The recrystallised salt (5 g.) was placed in a flask fitted with a reflux condenser and dropping- 
funnel, the air in the flask was displaced with pure hydrogen, 50 c.c. of a solution containing 
15 g. of potassium cyanide and 3 g. of potassium hydroxide were run in from the dropping-funnel, 
and the flask was heated on a water-bath. The mercuric salt slowly decomposed, and the 
resulting chloroacetylene, swept out of the flask by the current of hydrogen, was led through 
a series of calcium chloride and phosphoric oxide drying tubes into a U-bulb immersed in 
liquid nitrogen, where it condensed as a white solid. The U-bulb was then transferred to a 
vacuum line, and the chloroacetylene allowed to evaporate into a large glass reservoir, where 
it was freed from any dissolved hydrogen by repeated evaporation, re-condensation, and 
evacuation. Ordinary ground joints and stopcocks could be used, as the chloroacetylene did 
not attack tap grease. 

The crude material, containing a small amount of liquid product, was purified by vacuum 
distillation with fractional condensation. It was condensed in a U-bulb, and immersed in 
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a bath at — 115°, at which temperature, being still liquid, it was distilled slowly in vacuum 
through another U-tube at — 130° into a third U-tube, cooled in liquid nitrogen. A large 
proportion condensed at — 130°, the small head and tail fractions being rejected. The main 
fraction was then similarly redistilled four times with rejection of small head and tail fractions. 
The vapour-pressure curves of the main fractions of the third and fourth distillations were 
identical with each other and with those of two main fractions into which the final main fraction 
was split by a further distillation. Therefore it appeared that the fourth main fraction was 
pure. 

Vapour-pressure measurements were carried out in the usual manner, temperatures being 
measured by means of an ammonia vapour-pressure thermometer. The values obtained 


are tabulated below : 


—37-5° —39-2° —40-3° —41-9° 43-3° —44-9° —46-4° —47-6° 
58-81 54-43 51-88 48-02 44-79 41-47 38-43 36-18 
—52-0° —55-0° —57-3° —59-8° —61-8° —63-2° —65-4° —68-0° 
28-77 24-33 21-50 18-50 16-48 15-05 13-19 11-17 


The values of log p plotted against 1/T give a straight line, and extrapolation indicates that 
the b. p. of chloroacetylene is — 29-6° + 0-1°. Its latent heat of vaporisation at the b. p., 
determined by Lewis and Weber’s method (J. Ind. Eng. Chem., 1922, 14, 486), is 89 cals. /g. 

Bromoacetylene was prepared by the method of Sawitsch (Amnalen, 1861, 119, 182). A 
solution of 5 g. of sodium hydroxide in 5 c.c. of water was placed in a 50-c.c. flask fitted with 
a reflux condenser and dropping-funnel, and the air displaced by pure hydrogen: 15 g. of 
s.-dibromoethylene were then run in, foliowed by 18 c.c. of absolute alcohol. On heating the 
flask on a water-bath, bromoacetylene was evolved, and was carried off in the current of 
hydrogen. The gases were bubbled through water and dried over calcium chloride and phos- 
phoric oxide, and the bromoacetylene was condensed out as a white solid in a U-bulb immersed 
in liquid nitrogen. The product was purified and tested for purity in the manner already 
described for chloroacetylene, except that the vacuum distillation was effected from a U- 
bulb cooled at — 65° through a U-bulb cooled at — 105°, into a third U-bulb cooled in liquid 
nitrogen. A great tendency for liquid bromoacetylene to polymerise in light was at once 
apparent, but this could be prevented by working in yellow light. In the gaseous phase bromo- 
acetylene had no tendency to polymerise, and did not attack tap grease. Vapour-pressure 
measurements were made by using a sulphur dioxide vapour-pressure thermometer in the 
range — 10° to — 60°, and an accurate mercury thermometer from 0° to — 10°: these are 
tabulated below : 


— 22° — 44° — 66° — 85° —10-4° —I11-:1° —13-0° 
58-78 53-71 48-84 45-03 41-15 40-16 36-74 
—23-1° —29-2° —35-1° —43-6° —48-6° —54:8° —58-7° 
22-76 16-70 12-12 7-43 5-44 3°66 2°74 


The b. p., extrapolated from the linear log ~-1/T graph, is + 4-7° + 0-1°; and the latent 
heat of vaporisation, determined as for chloroacetylene, is 58 cals./g. 

Oxidation of Chloroacetylene.—The study of ignition phenomena in gases has led to the view 
that substances having low ignition temperatures inflame through the operation of a branching- 
chain reaction mechanism, whereas with substances of higher ignition point degenerate branch- 
ing takes place, i.e., in these cases there is a much greater time lag in the multiplication of active 
centres. As chloro- and bromo-acetylene are both spontaneously inflammable, one would 
expect their oxidation to show the characteristics of branching-chain reactions, chief among 
which are the upper and lower explosion limit phenomena. Preliminary observations established 
that this was indeed the case as far as the lower-limit phenomena were concerned, and a series 
of measurements on these limit phenomena was therefore undertaken. 

The method and apparatus used in studying the lower explosion limit of both gases was similar 
to that used in investigating the oxidation of the silicon hydrides (Emeléus and Stewart, J., 
1936, 677). . The halogenated acetylene and oxygen were allowed to leak simultaneously from 
containers of about 100 c.c. capacity through calibrated capillaries into an evacuated cylindrical 
reaction vessel. The rate of flow of each gas could be controlled by altering the pressure in 
its container. The time required for admission of this gas, some 10—15 minutes, was repro- 
ducible under fixed conditions within + 15 seconds. When the composition of the mixture 
in the reaction vessel became that for the critical limit under the conditions employed, there 
was a dull flash throughout the mixture, the occurrence of which was timed. In this way the 
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partial pressures of the two gases,in the limit mixture were determined. A third capillary leak 
added to the system permitted the effect of a diluent gas to be studied. 

Measurements on the lower explosion limit of chloroacetylene were carried out in a glass 
reaction vessel, the inner surface of which was rinsed first with distilled water, then with a 
few c.c. of 50% hydrofluoric acid, and finally again with distilled water. After a few pre- 
liminary observations with a vessel prepared in this way, results reproducible to about 0-05 
mm. were obtained in 12—20 determinations. Erratic results were invariably obtained after 
cleaning with nitric acid—chromic acid mixtures, with nitric acid, or with water alone. Before 
each experiment the vessel was evacuated, heated to 300—400° with a luminous flame, and 
then held at 100° under vacuum for half an hour. 

Effect of the diameter of the vessel on the lower explosion limit. The experiments were carried 
out at 100° with reaction vessels having diameters of 2-02, 2-89, 3-78, and 4-89 cm., and being 
each 15cm. long. The results are shown in Fig. 1, in which ?;, the observed value of the lower 
limit, is plotted against the percentage of chloroacetylene in the mixture at the instant of ignition. 
All four curves exhibit a flat minimum at approximately 50% of chloroacetylene. 


Fic. 1. 


Effect of mixture composition and vessel diameter on the lower limiting explosion pressures o 
chloroacetylene—oxygen mixtures. 
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A. d = 2-02 cm. B. d = 2-89 cm. C. d = 3-78 cm. D. d = 4:89 cm. 


As the diameter oi the reaction vessel increases, the lower limit pressure progressively de- 
creases. The partial pressures of oxygen in the limit mixtures plotted against the corres- 
ponding partial pressures of chloroacetylene give curves which approximate to rectangular 
hyperbole. Throughout the range of mixture composition examined (10—90%), ignition was 
very sharp, the intensity of the glow increasing with the chloroacetylene concentration up to 
40—50% and then diminishing. 

The general theory of chain reactions demands that at the lower limit the expression 
p,*d*f(x) shall be constant, p, being the lower critical pressure, d the diameter of the reaction 
vessel, and f(x) a function of the proportion of chloroacetylene in the mixture. Hence if * 
be constant the value of ~,d should be constant. The data in Table I show that this is 
only approximately true. The values of the product ~,d, derived from the smoothed curves 
in Fig. 1 for each of a series of values of x, show a definite increase with the value of d. This 
drift indicates an increase in ~, with increase in diameter and is due to incidence of gas-phase 
deactivation of active centres. In this case such a process might be connected with polymeris- 
ation of the chloroacetylene. 
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TABLE I. 


Value of the product p,d for chloroacetylene. 


s= 0-10. 0-20. 0-30. 0-40. 0-50. 0-60. 0-70. 0-80. 
d. 

2-02 4-02 3-03 2-61 2-38 2-30 2-34 2-48 2-87 

2-89 4-87 3°72 3°26 3-00 2-89 3-03 3°35 3-97 

3°78 5-11 3-93 3°29 2-95 2-87 2-95 3°25 3-93 

4-89 5-43 4-20 3°67 3°47 3-32 3°42 3-81 4:15 


The effect of an inert gas on the lower limit of chloroacetylene was examined by allowing oxygen, 
chloroacetylene, and an inert gas (helium, nitrogen, or argon) to pass simultaneously through 
calibrated capillary leaks into a reaction vessel 2:89 cm. in diameter held at 100° throughout 
the series of experiments. By suitable adjustment of the reservoir pressures, the ratio of 
chloroacetylene to oxygen was kept constant at 1 : 3, and the variation of the limiting ignition 
pressure with the proportion of inert gas was observed. In all the experiments the ignition 
was sharply defined, even when the inert gas constituted 60—70% of the total reaction mixture. 
With each of the three inert gases, the addition of increasing amounts progressively lowered 
the lower explosion limit, i.e., the sum of the partial pressures of chloroacetylene and oxygen 
in the limit mixture. With helium, for example, 

this sum, 1-25 mm. with no inert gas, was Fic. 2. 

decreased to 0-95 mm. with 66% of helium Effect of inert gas upon the lower limiting explosion 
present. pressure for chloroacetylene-oxygen mixtures. 

The general theory of chain reactions 70 
requires constancy for the expression 

a pxpoll + PillPx + Poy): “—— 
where d is the diameter of the reaction vessel, . x Nitrogen 
px and ,, the partial pressures of the two re- © Helium 
actants, and 7; the partial pressure of the 
inert gas added. It follows that there should 
be a linear relationship between 1/pxp,, and 
1+ ~;/(Px + Po,) when dis constant. The data 
obtained with chloroacetylene (Fig. 2) show 
that this linear relationship holds until the 
proportion of inert gas is 70% or so of the total, 
the divergence from linearity thereafter being 20 30 
most marked for argon and least for helium. 1*Pinert gasfPo,* Peanct)- 

The slope of the line is 0-45 for helium, 0-69 for 

nitrogen, and 1-0 for argon, and thus increases with the molecular weight of the inert gas. The 
linear relationship over the earlier part of the curves is adequately explained by considering 
the effect of the inert gas in hindering the diffusion of active centres to the walls, where their 
deactivation occurs (see, e.g., Gray and Melville, Trans. Faraday Soc., 1935, 31, 452). The 
departure from linearity with high proportions of inert gas represents a progressive increase in 
the lower explosion limit, which must arise from the fact that the added gas is no longer inert 
at these concentrations, but is playing a part in gas-phase deactivation of active centres. 

The effect of temperature on the lower limit was found to be anomalous in that the value 
of the limiting pressure increased with temperature. This was traced to the fact that at tem- 
peratures above 100° a slow reaction took place, the extent of which increased with rising 
temperature. At 100° this reaction was imperceptible, for when the flow of chloroacetylene 
and oxygen through the capillaries was interrupted for periods of 0-5—5-5 hrs., the observed 
value of the lower limit was the same (within 5%) as when no interruption occurred. Similar 
observations at 150° and 195° show that a substantial interruption of the flow produces an 
apparent increase in the value of the limiting pressure, as is illustrated by the data in 
Table II. The simplest and most probable explanation of this observation is, evidently, 
that a proportion of the reactants was removed by a slow reaction. 

The Lower Critical Explosion Limit of Bromoacetylene—The investigation of the lower 
limit for bromoacetylene was carried out precisely as for chloroacetylene, including the series 
of observations in tubes of different diameters at 100°. Below 100° the results were very erratic, 
owing possibly to a variable degree of adsorption on the walls of the vessel. The luminescence 
at the limiting pressures was also considerably less intense than for chloroacetylene, particularly 
when the proportion of bromoacetylene in the mixture exceeded 60%. Data obtained at 100° 
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TABLE II. 




















Fraction of py» Obs. (mm.) 
C,HCl, reactants before Interval — — ~ 
Temp. %. interval. (mins.). with interval. without interval. Increase, %. 
100° 21-8 0-76 — 30 1-23 1-25 2 
47-6 0-83 90 1-03 1-00 3 
150 25-8 0-67 30 1-57 1-42 11 
30°6 0:78 60 1-64 1-44 14 
43-5 0-81 45 1-60 1-42 13 
195 20-6 0-62 30 2-04 1-65 24 
27-3 0-74 45 2-23 1-70 31 
39-6 0-84 60 2-31 1-74 33 






with three reaction vessels of diameters 2-90, 3-78, and 4-89 cm. are shown in Fig. 3, in which 

the critical explosion pressure, ?,, is plotted against the proportion of bromoacetylene in 

Fic. 3 the mixture. The absolute value of the limiting 

Effect of mixture npuliipn ent vessel diameter on mere “y Se a 9 = oe 

the lower limiting explosion pressures of bromo- sostytene is about tives tienes ths cucsenpenting 
acetylene-oxygen mixtures. figure for chloroacetylene. 

Values of the product ~,d deduced for the 
above measurements are given in Table III. The 
A product is roughly constant, but shows the same 

drift as is seen in Table I. 
\ . No measurements were made of the effect of 


temperature on the lower critical explosion limit 
of bromoacetylene, but it was verified that there 
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was no appreciable reaction (due either to 

Nee polymerisation or to oxidation) during the period 

i of admission of the two gases to the reaction 

40 bulb at 100°. The increase in the value of p, 

due to interrupting the admission of the two 

B | gases into the bulb at 100° for 15—20 minutes 
(Table IV) was found to be less than 5%. 

a The Upper. Critical Explosion Limit.—At- 

tempts to study the upper critical explosion 

VA limit in chloroacetylene— and bromoacetylene— 


Q ° oxygen mixtures encountered very great diffi- 
anced lt culties owing to the lack of reproducibility in 
the results and also to the frequent occurrence 


/ of violent explosions. The method used in 
ee studying this limit in the case of chloroacetylene 
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was to admit the requisite amount of chloro- 

acetylene (measured manometrically) into the 

| reaction bulb (10 cm. long, 1-4—2-6 cm. internal 

> diameter) and there to freeze it out in liquid 

25 nitrogen. The oxygen was then admitted, and 
20 40 60 80 i 

Bromoacetylene, %. the chloroacetylene was very slowly vaporised 

by allowing the liquid nitrogen to evaporate 

A.g= ye we 575 cm. spontaneously overnight. More rapid mixing, 

or the admission of either gas through a capillary 

leak system, invariably led to explosion. Even when prepared in this way, mixtures of 

chloroacetylene and oxygen were very sensitive—they exploded, for example, if a small amount 

of additional oxygen was suddenly admitted, or if the pressure was suddenly decreased by a 

small amount. By very slowly reducing the pressure it was possible to obtain an explosion at 

a considerably lower pressure, but the magnitude of this limiting pressure was entirely erratic. 






































TABLE III. 
Value of the product p,d for bromoacetylene. 
s= 0-10. 0-20. 0-30. 0-40. 0-50. 0-60. 0-70. 
d. ° 
2-90 13-4 12°5 12-0 11-6 11-6 12-3 12-9 
3-78 13-9 12-7 12-2 12-0 12-1 . 
4-89 15-0 13°3 12-7 12-5 12-8 
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TABLE IV. 


Fraction of py, Obs. (mm.) 
reactants admitted Interval, y -— - ~ _ Increase, 
C,HBr, %. before interval. mins. with interval. | without interval. » 
2 


19-8 0-36 15 3-45 3-39 

25-4 0-67 15 3-35 3-27 2 

30-7 0-41 20 3-34 3°22 3 
In all, 14 experiments were carried out in which the gases were successfully mixed and exploded 
by pressure reduction, and the “‘ upper critical pressure ”’ varied from 2-4 cm. for a mixture 
containing 20-7% of chloroacetylene to 38-5 cm. for a 17-5% mixture. The experiments prove 
the existence of an upper critical explosion pressure in the oxidation of chloroacetylene, but 
there is every indication that its quantitative study is impossible. In the course of these 
experiments it was ascertained that the products of the explosive reaction were carbon 
monoxide, carbon dioxide, chlorine, hydrogen chloride, and in some cases, a considerable 
amount of carbonaceous material. 

For bromoacetylene it was quite impossible to obtain a mixture with oxygen even with the 
precautions which were successful in the case of chloroacetylene. When the attempt was 
made to mix the gases slowly by evaporating bromoacetylene into oxygen, part of the liquid 
polymerised to a brown material, and the mixture became non-explosive. Rapid mixing 
always resulted, as before, in explosion. 

It seemed of interest to determine how far the addition of typical inhibitors of oxidation 
reactions would prevent inflammation during the mixing process, and the effects of ethylene, 
sulphur dioxide, and carbon disulphide were investigated. Trial experiments with these 
substances gave no indication of any direct reaction with bromoacetylene. In each case a con- 
stant ratio of 24 mm. of bromoacetylene to 360 mm. of oxygen was employed. The bromo- 
acetylene and the inhibitor were separately admitted and measured, and then condensed out 
in liquid nitrogen. The oxygen was then introduced, and the whole allowed to warm to room 
temperature, and so, by repeated trials, the amounts of the various inhibitors necessary just 
to prevent inflammation on mixing were found. The requisite pressures for inhibition of 
the ignition of the above mixture (with rather ill-defined conditions of mixing) were as follows : 
CS,, 8; C,H,, 39; SO,,49 mm. These observations show quite clearly that the reactions can 
be inhibited, and so support the other evidence that these oxidations are chain reactions. 





DISCUSSION. 

The experiments described leave little doubt that the oxidation of both chloro- and 
bromo-acetylene proceeds by a branching chain reaction. This is shown by the existence 
in each case of lower explosion limits (without an induction period), by the effect of diluent 
gases on the lower limit for chloroacetylene, by the existence of an upper limit in the 
case of chloroacetylene, and by the effect of inhibitors upon the oxidation of bromoacetylene. 
The mechanism of such a chain reaction is necessarily speculative, but some guidance may 
be expected from investigations on the slow oxidation of acetylene, in which definite 
intermediates have been isolated. For instance, it is known that at 1 atm. and 250—315°, 
glyoxal, formaldehyde, and formic acid may be isolated as intermediates (Kistiakowsky 
and Lenher, J. Amer. Chem. Soc., 1930, 52, 3785), carbon monoxide, carbon dioxide, and 
hydrogen being also formed. The reaction has the general characteristics of a chain reaction 
in which degenerate branching takes place, and further studies by Spence and Kistiakowsky 
(tbid., p. 4837), and, later, by Spence (J., 1932, 686) have established this view of its nature. 

The mechanism of the reaction was discussed by Bodenstein (Z. physikal. Chem., 
1931, B, 12, 151), who regarded the first stage in the oxidation as the formation of a peroxide 
which was capable of reacting as follows : 


(1) CH=CH —> CH=CH (2) CH=CH + 0, = CH=CH 
O—O 


(3) CH=CH + CH=CH —> CH=CH + wi 
O—O 

(4) CH=CH + 0, —> H-CO,H + CO, 
O—O 


(5) CH=CH —> H-CHO + CO 
O—O | 
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Spence (loc. cit.) postulated a mechanism, in better agreement with the analytical and 
kinetic data, whereby an intermediate product, CH,O,, capable of existing in two energy- 
rich forms, was responsible for carrying on the chain reaction. Steacie and Macdonald 
(J. Chem. Physics, 1936, 4, 75) have shown, however, that addition of glyoxal to an 
acetylene-oxygen mixture does not increase the rate of reaction; whereas a marked 
acceleration might have been expected had the glyoxal been one of the species 
responsible for carrying on the chain. These authors favour a mechanism similar to 
that proposed by Bodenstein (loc. cit.). 

The Bodenstein mechanism gives a definite, though rather slight clue as to the possible 
mechanism of oxidation of the halogenated acetylenes. If we assume that the initial 


product in these oxidations is also a peroxidic compound senar Bp it seems very probable 


that this intermediate would be much less stable than Bodenstein’s net as re- 


gards both spontaneous decomposition and ease of oxidation. The latter intermediate 
might, for example, isomerise to give the relatively stable glyoxal, and only occasionally 
react further to carry on the chain and produce branching. The halogenated glyoxal, 
however, would be a much more reactive substance, and we believe that this fact will 
serve to explain the branching chain oxidation mechanism, and the consequent ready 
inflammability of the halogenated acetylenes. No thermochemical data exist for the 
halogenated acetylenes, but they are probably, like acetylene, highly endothermic com- 
pounds. The observations on chloro- and bromo-acetylene, here described, are in general 
agreement with other observations upon the enhanced ease of oxidation of halogenated 
hydrocarbons. Remarkable instances of this sort were pointed out recently by Swarts 
(Inst. Intern. Chim. Solvay, 5éme Conseil de Chimie, 1934, p. 79). Thus, as.-dibromo- 
ethylene is oxidised at room temperature by molecular oxygen, and the halogenated 
hydrocarbons C,BrF, and C,CIF; will react explosively with oxygen. In these cases there 
is evidence of the intermediate formation of a peroxide, which must, however, be highly 
unstable in those cases where explosive reactions occur. Further work is projected on 
the mechanism of certain of these remarkable reactions. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, July 1st, 1938.] 





256. Studies in the Terphenyl Series. Part I. p-Terphenyl, Nitro-, 
Amino-, and Halogeno-p-terphenyls. 
By H. France, I. M. HertsBron, and D. H. Hey. 


Methods for the preparation of p-terphenyl (1 : 4-diphenylbenzene) are reviewed. 
The hydrocarbon is prepared in quantity by two new methods, viz., the action of 
either 4-nitrosoacetamidodiphenyl or dinitrosodiacetyl-1 : 4-phenylenediamine on benzene. 
Similar reactions are also carried out using dinitrosodiformyl- and dinitrosodi-n-pro- 
pionyl-1 : 4-phenylenediamine. Nitration of the hydrocarbon gives 4: 4’’-dinttro- 
p-terphenyl and 4: 2’: 4’-trinitro-p-terphenyl. 4-Nitro-p-terphenyl and 2-nitro-p- 
terphenyl are prepared by the interaction of 4-nitrosoacetamidodiphenyl with nitro- 
benzene. 2-Nitro-p-terphenyl, also obtained from the reaction between 2-nitro-4’- 
nitrosoacetamidodiphenyl and benzene, is oxidised to 2-nitrodiphenyl-4’-carboxylic acid 
and reduced to 2-amino-p-terphenyl. Similarly, 4-nitro-p-terphenyl, also obtained 
from the ‘reaction between 4-nitro-4’-nitrosoacetamidodiphenyl and benzene, is 
reduced to 4-amino-p-terphenyl. 4:4’’-Dinitro-p-terphenyl, also obtained from 
the reaction between dinitrosodiacetyl-1:4-phenylenediamine and nitrobenzene, 
gives p-nitrobenzoic acid on oxidation. 4: 3’-Dinitro-p-terphenyl is formed 
by the interaction of the nitroso-derivative of 3: 4’-dinitro-4-acetamidodiphenyl 
and benzene. The further nitration of 4-nitro-, 4:4’’-dinitro-, and 4: 3’- 
dinitro-p-terphenyl is also described. 2-Chloro-, 3-chloro-, and 4-chloro-p-ierphenyl 
are formed in the reaction between 4-nitrosoacetamidodiphenyl and chlorobenzene, 
and 2-bromo-, 3-bromo-, and 4-bromo-p-terphenyl are prepared in similar manner 
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from bromobenzene. 2-Chloro-p-terpheny] is also obtained from 2-amino-p-terphenyl. 
Oxidation of 2-bromo-pj-terphenyl gives 2-bromodiphenyl-4’-carboxylic acid, the 
constitution of which is proved in an unambiguous manner. 4-Bromo-p-terpheny] is 
also obtained from the reaction between 4-bromo-4’-nitrosoacetamidodiphenyl and 
benzene, as well as by direct bromination of p-terphenyl, a reaction which also yields 
4:4”-dibromo-p-terphenyl. 4-Iodo-p-terphenyl is prepared in similar manner from 
4-iodo-4’-nitrosoacetamidodiphenyl and benzene. 4-Bromofluorenone is obtained from 
2’-bromodiphenyl-2-carboxylic acid on ring closure. The action of dinitrosodiacetyl- 
1: 4-phenylenediamine on p-dichlorobenzene gives 2 : 5 : 2” : 5’’-tetrachloro-p-terphenyl. 


No systematic investigation of the chemistry of #-terphenyl* (1 : 4-diphenylbenzene) 
has hitherto been attempted. The pyrogenic synthesis of the hydrocarbon has been 
recorded by several authors who obtained it in very small yield, together with diphenyl 
and m-terphenyl (1 : 3-diphenylbenzene), either by passing benzene vapour through a 
red-hot tube (Schultz, Annalen, 1874, 174, 230; Schmidt and Schultz, zbid., 1880, 208, 119; 
Carnelley, J., 1880, 37, 712), or by heating benzene under pressure to temperatures varying 
from 525° to 900° (Herndon and Reid, J. Amer. Chem. Soc., 1928, 50, 3069; Kosaka, 
J. Fuel Soc. Japan, 1928, 7, 121; see also D.-R.P. 555079 and A.P. 197988). It is also 
formed together with diphenyl when benzene is heated with potassium under pressure 
to 230—250° (Abeljanz, Ber., 1876, 9, 12; Schlenk and Meyer, Ber., 1913, 46, 4060). 
Again, p-terphenyl is produced, together with chlorobenzene and m-terphenyl, when 
solid benzenediazonium chloride reacts with molten diphenyl in the presence of aluminium 
chloride (Méhlau and Berger, Ber., 1893, 26, 1998). Fichter and Grether (Ber., 1903, 
36, 1410) obtained the hydrocarbon by distillation of 2-hydroxy-1l : 4-diphenylbenzene 
with zinc dust in hydrogen. The action of dibenzoyl peroxide on boiling toluene (Dietrich, 
Helv. Chim. Acta, 1925, 8, 151), on boiling benzene (Gelissen and Hermanns, Ber., 1925, 
58, 286), and on molten diphenyl (idem, ibid:, p. 293) yields, among other products, appre- 
ciable amounts of #-terphenyl. A more convenient synthesis of p-terphenyl is described 
by von Braun (Ber., 1927, 60, 1180), who obtained the hydrocarbon by the dehydrogenation 
of 1 : 4-dicyclohexylbenzene with bromine (cf. also von Braun, Irmisch, and Nelles, Ber., 
1933, 66, 1476). -Terphenyl has also been synthesised by means of the Diels—Alder con- 
densation of 1 : 4-diphenylbutadiene with maleic anhydride (Kuhn and Wagner-Jauregg, 
Ber., 1930, 63, 2662), and with acetylenedicarboxylic esters (Lohaus, Annalen, 1935, 516, 
295). Mayer and Schiffner (Ber., 1932, 65, 1337) have prepared #-terphenyl by the 
interaction of cyclohexane-1 : 4-dione with phenylmagnesium bromide. The hydrocarbon 
was also obtained by Grieve and Hey (this vol., p. 112) by the action of an aqueous solution 
of diazotised aniline on a solution of diphenyl in either chloroform or carbon tetrachloride 
in the presence of aqueous alkali, but the yield was poor. Other diverse reactions from 
which #-terphenyl has been isolated in small amounts are recorded by Barth and Schreder 
(Ber., 1878, 11, 1339), Pummerer, Binapfl, Bittner, and Schuegraf (Ber., 1922, 55, 3104), 
K6égl and Postowsky (Amnalen, 1925, 445, 159), Kuhn and Winterstein (Ber., 1927, 60, 
432), Gilman and McCracken (J. Amer. Chem. Soc., 1929, 51, 821), Schorygin and Issagul- 
janz (Chem. Zentr., 1936, ii, 2345), and Busch and Weber (J. pr. Chem., 1936, 146, 1). 
In the present communication several methods of preparation of p-terphenyl have been 
investigated. The dehydrogenation of 1 : 4-dicyclohexylbenzene (von Braun, loc. cit.) 
gave p-terphenyl in 20% yield, but the poor yield of 1 : 4-dicyclohexylbenzene from 
either benzene or cyclohexylbenzene and cyclohexyl bromide by the Friedel-Crafts reaction 
rendered this method unsuitable. Selenium dehydrogenation of 4-cyclohexyldiphenyl 


* There appears to be no recognised system for the numbering of the carbon atoms in p-terphenyl ; 
early workers refer mono-substituted derivatives to 1 : 4-diphenylbenzene (cf. Olgiati, Ber., 1894, 27, 
3393; Castellaneta, ibid., 1897, 30, 2800; e¢ alia). However, von Braun, Irmisch, and Nelles (Ber., 
1933, 66, 1472, footnote) adopt the following nomenclature : 


eee ee, 
ie 
and it is proposed to use this method of numbering in this series of papers (cf. also Busch and Weber, 
J. pr. Chem., 1936, 146, 29, footnote). 
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gave similar results, but here again low yields were encountered in the preparation of 
the starting material; this finding has since been independently confirmed by Basford 
(J., 1936, 1593). 

Recourse was then made to the reaction, originally due to Bamberger (Ber., 1897, 
30, 366; see also Grieve and Hey, J., 1934, 1797), whereby a union of two aryl nuclei is 
effected by means of the reaction between a N-nitrosoacetylarylamine and an aromatic 


hydrocarbon, thus : 
Ar-N(NO):CO-CH, + Ar’H—» Ar-Ar’ + N, + CH,;°CO,H 


This reaction necessitates a large excess of a liquid aromatic hydrocarbon, and the use 
of molten diphenyl is impracticable because of the ready decomposition of nitrosoacet- 
anilide at that temperature. Attempts to condense nitrosoacetanilide with diphenyl 
in benzene or dioxan solution were not encouraging, very small yields of #-terphenyl being 
obtained. The presence of a solvent and the high reactivity of the nitroso-compound 
led to a variety of secondary reactions with the solvent and consequent loss of yield. The 
condensation of 4-nitrosoacetamidodiphenyl (III) with benzene, however, gave p-terphenyl 
in 50% yield. In addition, it was found possible to prepare dinitrosodtacetyl-1 : 4- 
phenylenediamine (IX), and in reaction with benzene this gave #-terphenyl in 55—60% 
yield. The high yield and the easy access to diacetyl-l : 4-phenylenediamine led to 
the adoption of this method for the preparation of the hydrocarbon in quantity. As 
far as the authors are aware, this constitutes the first known example of a dinitroso-com- 
pound of this type. Unlike nitrosoacetanilide and other known nitrosoacylarylamines, 
dinitrosodiacetyl-1 : 4-phenylenediamine is a comparatively stable compound and may 
be kept for several weeks without any perceptible decomposition. It dissolves slowly in 
aqueous alkali to give an alkaline solution of benzene-1 : 4-isotetrazotate, which on careful 
acidification gives a solution of tetrazotised p-phenylenediamine, which readily couples 
with alkaline $-naphthol. In similar manner dinitrosodiformyl- and dinitrosodi-n- 
propionyl-1 : 4-phenylenediamine were obtained, both of which yielded #-terphenyl on 
reaction with benzene. The yields, however, particularly in the case of the diformyl 
derivative, were somewhat inferior to those obtained with dinitrosodiacetyl-1 : 4; 
phenylenediamine. 

Nitro- and Amino-derivatives.—The direct nitration of #-terphenyl with fuming nitric 
acid in glacial acetic acid solution gives a dinitro- and trinitro-derivative (Schmidt and 
Schultz, Annalen, 1880, 208, 125); these authors also describe a base obtained by re- 
duction of the above trinitro-compound. 4-Nitro-p-terphenyl and 2’-nitro-p-terphenyl 
are described by Basford (J., 1937, 1440), who obtained them by the dehydrogenation of 
4’-nitro-4-cyclohexyldiphenyl and 2-nitro-4-cyclohexyldiphenyl respectively with bromine. 
4-Nitro-p-terphenyl has also been obtained by Grieve and Hey (this vol., p. 112) by the 
action of diazotised #-nitroaniline on a solution of diphenyl in chloroform in the presence 
of aqueous alkali. 2’-Amino-f-terphenyl is reported by Basford (J., 1937, 1441), who 
obtained it by reduction of 2’-nitro-f-terphenyl. 4-Amino-f-terphenyl is produced by 
the interaction of azobenzene hydrochloride, diphenyl, and aluminium chloride (Pummerer, 
Binapfl, Bittner, and Schuegraf, Joc. cit.; Pummerer and Bittner, Ber., 1924, 57, 85). 

The present authors have been unable to obtain a mononitro-derivative of #-terphenyl 
by direct nitration, even under conditions where such might be expected, as exemplified 
by the mononitration of diphenyl. Attempts to obtain a mononitro-derivative by 
“milling ’’ with nitric acid of concentrations of 25%, 50%, and 75% were unsuccessful, 
the #-terphenyl being recovered unchanged; increase in the concentration to 90% gave 
a trinitro-derivative (see below). This behaviour contrasts with that of m-terphenyl 
towards nitration, where a mononitro-derivative is obtained with fuming nitric acid in 
acetic anhydride at 0° (Wardner and Lowy, J. Amer. Chem. Soc., 1932, 54, 2510). Both 
2-nitro-p-terphenyl (I) and 4-nitro-p-terphenyl (II) have now been prepared by the action 
of 4-nitrosoacetamidodipheny] (III) on nitrobenzene. The constitution of (I) has been 
established (a) by its oxidation to 2-nitrodiphenyl-4’-carboxylic acid and (6) by direct 
synthesis from 2-nitro-4'-nitrosoacetamidodiphenyl (IV) (from 2-nitro-4'-acetamidodiphenyl) 
and benzene. 2-Amino-p-terphenyl was obtained on reduction. The structure of (II) 
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was determined by direct synthesis from 4-mitro-4'-nitrosoacetamidodiphenyl (V) (from 
4-nitro-4’-acetamidodiphenyl) and benzene. Moreover, the compound was identical 
with that previously obtained by Grieve and Hey (this vol., p. 112) and was reduced to 
the known 4-amino-f-terphenyl. Nitration of p-terphenyl (VI) with fuming nitric acid 
in glacial acetic acid gave both 4: 4”-dinitro-p-terphenyl (VII) and 4: 2’ : 4’-trinitro-p- 
terphenyl (VIII), which correspond with the nitro-derivatives previously described, but 
not characterised, by Schmidt and Schultz (loc. cit.). Various other nitrating mixtures 
were also used, but in most cases where the dinitro-derivative was formed some of the 
trinitro-compound was produced concurrently. The structure of 4 : 4”’-dinitro-p-terpheny] 
was established by oxidation, considerably more than one molecular proportion 
of p-nitrobenzoic acid resulting. The same dinitro-derivative was also obtained 
by the action of dinitrosodiacetyl-1 : 4-phenylenediamine (IX) on nitrobenzene, as well 
as by the further nitration of 4-nitro-f-terphenyl (II). 4:2’ : 4’”-Trinitro-p-terphenyl 
(VIII) was formed either as above, or by the nitration of p-terphenyl with fuming nitric 
acid alone, or with a mixture of concentrated nitric acid and sulphuric acid (d 1-80) 
at about 50°. It was also produced by the further nitration of 4 : 4’’-dinitro-p-terpheny] 
(VII). Its structure was determined (a) by its marked resistance to oxidation (cf. Schmidt 
and Schultz, loc. cit.), which would indicate that one nitro-group is in each of th> three 
aromatic nuclei, (b) by its formation by the further nitration of 4 : 3’-dinitro-p-terphenyl 
(X), which was prepared from the reaction between 3 : 4’-dinitro-4-nitrosoacetamidodi- 
phenyl (XI) and benzene, and (c) by its formation by the further nitration of 4 : 4’’-dinitro- 
p-terphenyl (VII). 

Attempts were made to prepare 2’-nitro-f-terphenyl (cf. Basford, J., 1937, 1442) 
(a) from 3-nitro-4-acetamidodiphenyl by nitrosation and reaction with benzene, but this 
failed owing to inability to obtain the required nitroso-compound, and (0) from the nitroso- 
derivative of 2-nitrodiacetyl-1 : 4-phenylenediamine and benzene, but this also failed, 
the only product being 3-nitro-4-acetamidodiphenyl. This result forms an interesting 
contrast to the behaviour of unsubstituted diacetyl-1 : 4-phenylenediamine under similar 
conditions (see above) when both acetamido-groups are nitrosated and subsequently elimin- 
ated. In an attempt to prepare 2’ : 3’-dinitro-p-terphenyl it was found that the 2: 3- 
dinitrodiacetyl-1 : 4-phenylenediamine of Nietzki and Hagenbach (Ber., 1887, 20, 328; 
see also Kym, Ber., 1911, 44, 2924) failed to form any nitroso-derivative. 

Halogeno-derivatives.—Several halogen derivatives of p-terphenyl have been described. 
4-Chloro-p-terphenyl is obtained, together with 4 : 4’-dichlorodiphenyl, by the interaction 
of diphenyl-4 : 4’-bisdiazonium chloride and benzene in the presence of aluminium chloride 
(Castellaneta, Ber., 1897, 30, 2800). A fully chlorinated derivative, C,,Cl,, (tetradeca- 
chloro-p-terphenyl), is described by Merz and Weith (Ber., 1883, 16, 2884), who obtained 
.it by the action of antimony pentachloride on p-terphenyl at 360°. Direct action of bromine 
in the cold on #-terphenyl yields 4-bromo-f-terphenyl and 4: 4’’-dibromo-f-terphenyl 
(Olgiati, Ber., 1894, 27, 3393). The dibromo-derivative is also formed by the action of 
bromine on the monobromo-derivative, while the action of excess bromine on #-terphenyl 
or on its monobromo- or dibromo-derivative gives a tetrabromo-compound, 4 : 4” : x : x- 
tetrabromo-f-terphenyl. The constitutions of these bromo-compounds were determined 
by their oxidation to p-bromobenzoic acid (Olgiati, loc. cit.). Bromination of p-terphenyl 
in trichlorobenzene solution at 100° in the presence of a trace of iodine gives 4 : 4’"-dibromo- 
p-terphenyl and a small amount of 4-bromo-f-terphenyl (von Braun, Irmisch, and 
Nelles, loc. cit., p. 1481). The latter has also been synthesised by the dehydrogenation 
of the product of reaction between 4-cyclohexylcyclohexanone and p-bromophenylmagnesium 
bromide (von Braun, Irmisch, and Nelles, loc. cit.). 4-Iodo-p-terphenyl has been pre- 
pared from 4-amino-f-terphenyl by means of the Sandmeyer reaction (Pummerer and 
Bittner, loc. cit.). 

In this investigation monohalogen derivatives of #-terphenyl have been prepared by 
the reaction between the nitroso-derivative of 4-acetamidodiphenyl and a halogenobenzene. 
A mixture of three monochloro-derivatives of #-terphenyl was obtained by the action of 
4-nitrosoacetamidodiphenyl on chlorobenzene. After separation by fractional crystal- 
lisation, they had m. p.’s of 220—221°, 136—137°, and 110—111° severally. The first 
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compound corresponds with the 4-chloro-p-terphenyl described by Castellaneta (loc. 
cit.), and the third is shown to be 2-chloro-p-terphenyl by its identity with the compound 
synthesised from 2-amino-f-terphenyl by means of the Sandmeyer reaction. It follows 
that the remaining compound, m. p. 136—137°, must be 3-chloro-p-terphenyl. From 
the reaction between dinitrosodiacetyl-1 : 4-phenylenediamine and liquid p-dichlorobenzene 
at about 50°, 2:5: 2” : 5”-tetrachloro-p-terphenyl was obtained. The para-derivative 
was chosen since this alone of the isomeric dichlorobenzenes could give one product. 

Three monobromo-#-terphenyls were obtained from the reaction between 4-nitroso- 
acetamidodiphenyl and bromobenzene and had m. p.’s 231—232°, 86—88°, and 147—148° 
severally. The first corresponds with the 4-bromo-f-terphenyl described by Olgiati 
(loc. cit.) and by von Braun, Irmisch, and Nelles (loc. cit.), and its identity is further con- 
firmed by its synthesis from 4-bromo-4'-nitrosoacetamidodiphenyl and benzene. The 
second compound is shown to be 2-bromo-p-terphenyl, for, on oxidation, it gives 2-bromo- 
diphenyl-4’-carboxylic acid. By elimination the compound, m. p. 147—148°, must be 
3-bromo-p-terphenyl. Direct bromination of #-terphenyl in acetic acid solution con- 
taining a trace of iodine yielded 4-bromo-f-terphenyl and 4 : 4’’-dibromo--terpheny]l, 
4-Iodo-p-terphenyl has been obtained from the reaction between 4-i0do-4’-nitrosoacet- 
amidodtphenyl and benzene and is obviously identical with that previously prepared by 
Pummerer and Bittner (loc. cit.). 

Although 2-bromodiphenyl-4’-carboxylic acid is described by Gomberg and Pernert 
(J. Amer. Chem. Soc., 1926, 48, 1379), its constitution was not proved by these authors. 
Since the constitutions of the bromo-f-terphenyls depend, in part, on the correct identity 
of this compound, its constitution was unambiguously determined in the following way : 
o-Bromoaniline was diazotised and treated with toluene in the presence of aqueous alkali 
(cf. Gomberg and Pernert, loc. cit.); the resultant mixture of bromomethyldiphenyls 
(XII, XIII) was oxidised to the corresponding carboxylic acids (XIV, XV). By treat- 
ment of the mixture of acids with sulphuric acid, the 2-bromodiphenyl-2’-carboxylic acid 
(XIV) was converted into 4-bromofluorenone (XVI), and in the remaining unchanged acid 
(XV), m. p. 240—242°, the bromine atom must occupy the 2-position. In a similar 
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manner the reaction between diazotised p-toluidine and bromobenzene yielded a mixture 

of bromomethyldiphenyls (XIII, XVII), from which 4-bromo-4’-methyldiphenyl (XVII) 

was separated by distillation and crystallisation. The remaining bromomethyldiphenyl 

(XIII) was oxidised to the corresponding carboxylic acid, which must have the carboxyl 

group in the 4’-position. This acid proved to be identical with (XV), obtained as above 

from o-bromoaniline and toluene, and hence it must be 2-bromodiphenyl-4’-carboxylic - 
acid. 

The production of all three monohalogen derivatives of #-terphenyl from the inter- 
action of 4-nitrosoacetamidodiphenyl with a halogenobenzene, which in effect entails the 
entry of a diphenylyl group into the molecule of a halogenobenzene at the o-, m-, and p- 
positions, is unusual in that in accordance with known results in similar reactions, only 
the 2- and 4-halogeno-g-terphenyls might be anticipated. It may be pointed out, how- 
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ever, that Hey (J., 1934, 1967) obtained all three diphenylcarboxylic esters from the 
cognate reaction between sodium benzenediazotate and ethyl benzoate. Attention may be 
drawn to the fact that, in the reaction of 4-nitrosoacetamidodiphenyl with nitrobenzene, 
only 2- and 4-nitro-p-terphenyl were isolated. The relative yields of the isomeric chloro- 
and bromo-f-terphenyls show that the quantity of both the 2- and the 4-isomerides is 
considerably greater than that of the 3-derivative. The concomitant formation of all 
three isomerides in the reaction between a nitrosoacetylarylamine and a monosubstituted 
derivative of benzene is in agreement with the representation of the reaction as a typical 
non-polar process, probably involving the participation of free radicals, as opposed to 
the normal polar mechanism of aromatic substitution by kationoid or anionoid reagents. 


EXPERIMENTAL. 


A. Preparation of p-Terphenyl. 


1 : 4-Dicyclohexylbenzene.—This hydrocarbon was prepared (a) from benzene and cyclo- 
hexyl bromide as described by von Braun (Ber., 1927, 60, 1180), and (b) from cyclohexylbenzene 
(obtained as a by-product in the above method) and cyclohexyl bromide. cycloHexyl bromide 
(40 g.) was added dropwise to a stirred solution of cyclohexylbenzene (30 g.) in tetrachloro- 
ethane (50 c.c.) containing aluminium chloride (1-5 g.) at room temperature. Instantaneous 
reaction occurred, and when three-quarters of the halide had been introduced a further quantity 
of aluminium chloride (1 g.) was added and the addition of the halide continued. After the 
reaction had moderated, the temperature was raised to 60° for } hour. The product, worked 
up in the usual way (von Braun, /oc. cit.), was fractionated under reduced pressure. 1 : 4-Di- 
cyclohexylbenzene distilled at 205—220°/17 mm. as a colourless oil (15 g.) which solidified on 
standing at 0°. On dehydrogenation with bromine (von Braun, /oc. cit.) and subsequent dis- 
tillation, p-terphenyl was obtained, b. p. 225—235°/17 mm., which separated from alcohol in 
pearly plates, m. p. and mixed m. p. with an authentic specimen 212°. 

4-cycloHexyldiphenyl.—A solution of diphenyl (15 g.) in tetrachloroethane (50 c.c.) con- 
taining aluminium chloride (1-5 g.) was treated with cyclohexyl bromide (16 g.) as described 
above, but no further addition of aluminium chloride was made. After 45 minutes the re- 
action was completed by heating at 60° for lhour. The product was isolated in the usual manner 
and 4-cyclohexyldiphenyl distilled at 213—-222°/15 mm. (cf. Bodroux, Ann. Chim., 1929, 11, 
527; also Basford, J., 1936, 1593, who gives b. p. 210—230°/7 mm.) as a colourless oil (7 g.). 
Higher-boiling material was also formed in considerable quantity. A portion of the 4-cyclo- 
hexyldiphenyl (7 g.) was heated with selenium (3-5 g.) at 360° for 60 hours, and from the cooled 
melt hot alcohol (with charcoal) extracted p-terphenyl (2 g.). 

Reaction of Nitrosoacetanilide with Diphenyl in Presence of Solvent.—Nitrosoacetanilide was 
prepared by passing nitrous fumes into a solution of acetanilide in glacial acetic acid at 5—10° 
as described by Grieve and Hey (J., 1934, 1803). Toa mixture of diphenyl (25 g.) and benzene 
(15 c.c.), stirred at 20°, nitrosoacetanilide (15 g.) was gradually added. After 12 hours the 
mixture was distilled under reduced pressure but, after removal of diphenyl, only a small yield 
of p-terphenyl (1 g.) distilled at 220—240°/17 mm. A similar reaction in dioxan as solvent 
gave only traces of p-terphenyl. 

4-Nitrosoacetamidodiphenyl.—Nitrous fumes were passed for 5 hours into a stirred solution 
of 4-acetamidodipheny] (15 g.) in,a mixture of glacial acetic acid (250 c.c.) and acetic anhydride 
(50 c.c.) cooled to 8°. Dilution of the resultant deep green solution with iced water pre- 
cipitated the yellow nitroso-compound (17 g.), which was filtered off, washed with iced water, 
and allowed to dry overnight. It melted at 98° with explosive decomposition (Found: 
N, 11-5. C,4H,,0,N, requires N, 11-:7%). 

Reaction of 4-Nitrosoacetamidodiphenyl with Benzene.—The nitroso-compound (16 g.) was 
dissolved in benzene (400 c.c.), and the yellow solution stirred for 12 hours at 20°, nitrogen 
. being slowly evolved. After removal of the benzene, the brown residue sublimed at 190— 
200°/15 mm. as white plates of p-terphenyl (7 g.), m. p. 209—212°. 

Dinitrosodiacetyl-1 : 4-phenylenediamine.—Diacety]-1 : 4-phenylenediamine (10 g.) (prepared 
from p-aminoacetanilide by acetylation) was warmed with a mixture of glacial acetic acid (200 
c.c.) and acetic anhydride (100 c.c.) to obtain partial solution, and cooled with stirring to 8° to 
give a fine suspension into which nitrous fumes were passed for 5—6 hours with continuous 
stirring and cooling. The suspended dinitroso-compound was filtered from the green solution 
and repeatedly washed with iced water; the filtrate on dilution gave a further small amount 
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of the dinitroso-compound. It forms small yellow prismatic crystals, m. p. 124—125° with 
explosive decomposition (Found: N, 22-35. Cy 9H,.O,N, requires N, 22-4%). Yield, 11-3 g. 
The addition of phosphoric oxide (2 g. for 10 g. of diacetyl-1 : 4-phenylenediamine) reduces 
the time required for nitrosation to 14—2 hours. Dinitrosodiacetyl-1 : 4-phenylenediamine 
dissolves slowly in aqueous alkali, giving a solution which, after acidification, readily couples 
with alkaline $-naphthol. 

Reaction of Dinitrosodiacetyl-1: 4-phenylenediamine with Benzene.—A mixture of the dry 
dinitroso-compound (11 g.) and benzene (300 c.c.) was stirred at 35° for 12 hours, during which 
the solid passed into solution with evolution of nitrogen. The brown residue obtained on 
removal of solvent was distilled at 110—120°/10-* mm., giving ~-terphenyl (7 g.). In some 
experiments a smali insoluble residue of diacetyl-1 : 4-phenylenediamine was removed from the 
reaction mixture. 

Dinitrosodiformyl-1 : 4-phenylenediamine.—Nitrous fumes were passed for about 1 hour into 
a stirred solution of diformyl-1 : 4-phenylenediamine (5 g., m. p. 205—207°), prepared from 
p-phenylenediamine and formic acid as described by Wundt (Ber., 1878, 11, 828), in a mixture 
of glacial acetic acid (100 c.c.) and acetic anhydride (50 c.c.) cooled to 8°, to which phosphoric 
oxide (2 g.) had been added. Dinitrosodiformyl-1 : 4-~phenylenediamine (5 g.) separated from 
solution as a yellow microcrystalline powder, which was filtered off and washed with water. 
When dry, it decomposed violently at 132° (Found: N, 25-8. C,H,O,N, requires N, 25-2%). 

Reaction of Dinitrosodiformyl-1 : 4-phenylenediamine with Benzene.—The dry dinitroso- 
compound (6 g.) was stirred with benzene (800 c.c.) and warmed gradually to 50—55°, a brisk 
evolution of nitrogen then starting. The mixture was maintained at this temperature for 2 
hours, after which it was boiled under reflux for } hour and filtered from a dark brown residue 
(3 g., m. p. 88—90°, with decomp.) (Found: N, 15-5%), which was not further investigated. 
Excess benzene was removed from the filtrate, and the residue on distillation at 140°/10-* mm. 
yielded p-terphenyl (1 g.), which after crystallisation from glacial acetic acid melted at 210— 
212°, both alone and on admixture with an authentic specimen. 

Dinitrosodi-n-propionyl-1 : 4-phenylenediamine.—A mixture of p-phenylenediamine (10 g.) 
and propionic anhydride (50 c.c.) was heated for $ hour on the steam-bath. Di-n-propionyl- 
1 : 4-phenylenediamine, which separated on addition of water, was filtered off, washed with 
water, dried, and crystallised first from nitrobenzene and then from 95% ethyl alcohol, being 
obtained in almost colourless prisms, m. p. 289—291° (10 g.) (Found: C, 65-4; H, 6-9. 
C,,H,,0,N, requires C, 65-5; H,7-3%). Nitrous fumes were passed for 4 hours into a stirred 
suspension of the foregoing compound (8 g.) in a mixture of glacial acetic acid (150 c.c.) and 
acetic anhydride (70 c.c.) cooled to 8°. The insoluble yellow microcrystalline dinitrosodi-n- 
propionyl-1 : 4-phenylenediamine was filtered off, washed with water, and dried. It detonated 
at 110° (Found: N, 19-5. C,,;H,,0O,N, requires N, 20-1%). 

Reaction of Dinitrosodi-n-propionyl-1 : 4-phenylenediamine with Benzene.—A suspension of 
the dinitroso-compound (8 g.) in benzene (800 c.c.) was stirred at 45° for 2 hours. Nitrogen 
was evolved, and the suspended solid passed into solution. After 10 minutes’ boiling under 
reflux and subsequent filtration from a small insoluble residue, the excess benzene was removed 
by distillation. The dark brown residue (6 g.) on distillation at 140°/10-* mm. gave p-terphenyl 
(3-5 g.), which after crystallisation from glacial acetic acid melted at 210—212°, both alone 
and on admixture with an authentic specimen. 


B. Nitrvo- and Amino-derivatives. 


Nitration of p-Terphenyl.—(i) A solution of p-terpheny]l (2 g.) in glacial acetic acid (100 c.c.) 
was treated with fuming nitric acid (d 1-5, 12 c.c.). No apparent reaction took place in the 
cold, but on heating to 100°, nitrous fumes were evolved and yellow needles commenced to 
separate. After 15 minutes the mixture was cooled, and the crude solid, crystallised from: 
nitrobenzene, gave 4: 4’’-dinitro-p-terphenyl (1-2 g.) in yellow needles, m. p. 272—273° both 
alone and on admixture with the synthetic specimen prepared as below (Found: C, 67-6; H, 
3-7. C,,H,,O,N, requires C, 67-5; H, 3-75%). Ondilution of the original filtrate with water, 
4: 2’: 4”-trinitro-p-terphenyl (0-9 g.) was obtained, which separated from alcohol or acetic acid 
in pale yellow needles, m. p. 193—194° both alone and mixed with the synthetic specimen 
described below (Found: C, 59-3; H, 3-0. C,,H,,O,N; requires C, 59-2; H, 3-0%). 

(ii) p-Terphenyl (2 g.) was stirred with acetic anhydride (20 c.c.) at 0°, and fuming nitric 
acid (d 1-5, 0-9 c.c.) added dropwise during 30 minutes. Stirring was continued at 0° for a 
further 30 minutes. - The temperature was allowed to rise to 20°, and then maintained at 45—50° 
4U ' 
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for 1 hour. The separated 4: 4’’-dinitro-p-terphenyl (1-9 g.) gave yellow needles, m. p. 272— 
273°, from nitrobenzene. 

(iii) p-Terphenyl (2 g.) was gradually added at room temperature to fuming nitric acid 
(d 1-5, 15 c.c.). A vigorous reaction occurred with considerable rise of temperature. The 
crude 4: 2’: 4”-trinitro-p-terphenyl, which was deposited in quantitative yield on cooling, 
separated from alcohol in yellow needles, m. p. 193—194°. 

(iv) p-Terphenyl (4 g.) was added to a mixture of concentrated nitric acid (3 c.c.), concen- 
trated sulphuric acid (6 c.c.), and water (1-5 c.c.), and the whole rapidly stirred at 45—50° 
for 5 hours. No appreciable solution occurred, and the insoluble material was filtered off, 
washed, and crystallised from alcohol, 4 : 2’ : 4’’-trinitro-p-terphenyl, m. p. 193—194° (3-2 g.), 
again being obtained. 

Reaction of 4-Nitrosoacetamidodiphenyl with Nitrobenzene——A solution of the nitroso- 
compound (10 g.) in nitrobenzene (250 c.c.) was kept for 48 hours at 20°. The excess nitro- 
benzene was removed by distillation in steam, and the residue extracted with chloroform. After 
removal of solvent from the dried solution, the residue distilled at 140°/10-* mm. as a yellow 
solid distillate. On crystallisation from acetic acid 4-nitro-p-terphenyl separated in yellow 
platelets (2-5 g.), m. p. 211—212°, undepressed by admixture with authentic specimens pre- 
pared either as described below, or as described by Grieve and Hey (this vol., p. 112). Con- 
centration of the mother-liquor gave 2-nitro-p-terpheny] (2-9 g.), which separated from acetic 
acid in yellow platelets, m. p. and mixed m. p. with an authentic specimen, prepared as described 
below, 127—128°. 

Reaction of Dimnitrosodiacetyl-1 : 4-phenylenediamine with Nitrobenzene.—The product of 
reaction between dinitrosodiacetyl-1 : 4-phenylenediamine (5 g.) and nitrobenzene, carried 
out in the usual manner at 25°, was purified by distillation in a high vacuum, 4: 4’’-dinitro-p- 
terphenyl being isolated in small yield (0-5 g.). It forms yellow needles from nitrobenzene, 
m. p. 272—273°, identical with the compound produced by the direct nitration of p-terphenyl 
(see above). No other pure product could be isolated. 

Oxidation of 4: 4’’-Dinitro-p-terphenyl._—The dinitro-compound (0-7 g.), oxidised in boiling 
acetic acid solution with excess of chromic anhydride in the usual way, gave p-nitrobenzoic 
acid (0-5 g.). The theoretical requirement is 0-7 g. for two p-nitrophenyl groups. 

2-Nitro-p-terphenyl.—2-Nitro-4’-aminodiphenyl was prepared by the partial reduction of 
2: 4’-dinitrodiphenyl by Guglialmelli and Franco’s method (Anal. Asoc. Quim. Argentina, 
1929, 17, 340) for 4-nitro-4’-aminodiphenyl. 2-Nitro-4’-acetamidodiphenyl, obtained in the usual 
manner, separated from alcohol in yellow hexagonal plates, m. p. 152—153° (Found : C, 66-0; 
H, 4-4. C,,H,,0,N, requires C, 65-7; H, 4:7%); and when it (8 g.) was dissolved in a mixture 
of acetic acid (200 c.c.) and acetic anhydride (50 c.c.) and nitrosated in the usual way, it gave 
2-nitro-4’-nitrosoacetamidodiphenyl (4 g.) as a yellow solid, m. p. 85—87° (decomp.) (Found : 
N, 14:9. C,,H,,0O,N, requires N, 14-7%). The nitroso-compound was allowed to react with 
benzene for 24 hours at 20°, and the product purified by distillation at 100°/10* mm. Crystal- 
lisation of the solid distillate from alcohol gave 2-nitro-p-terphenyl in yellow plates, m. p. 127— 
128° (Found: C, 78-4; H, 5-1. C,,H,,0,N requires C, 78-5; H, 4-7%). 

Oxidation of 2-Nitro-p-terphenyl.—To a solution of the nitro-compound (0-25 g.) in hot 
glacial acetic acid (30 c.c.), a solution of chromic anhydride (0-83 g.) in glacial acetic acid (20 
c.c.) was added dropwise. After 4 hours’ boiling under reflux, the product was precipitated 
with water, filtered off, dissolved in ether, and extracted with alkali. Acidification of the 
alkaline solution precipitated 2-nitrodiphenyl-4’-carboxylic acid (0-17 g.), which crystallised 
from alcohol in plates, m. p. 246—248°, undepressed by admixture with an authentic specimen 
(Grieve and Hey, J., 1932, 1892). 

2-Amino-p-terphenyl.—A hot solution of stannous chloride (20 g.) in concentrated hydro- 
chloric acid (20 g.) was added to a hot solution of 2-nitro-p-terphenyl] (2-5 g.) in alcohol (30 c.c.) 
and the whole boiled gently for 6 hours. After treatment with excess alkali, the free base was 
extracted with ether. Evaporation of the ethereal solution, which showed a marked violet 
fluorescence, gave in almost quantitative yield 2-amino-p-terphenyl, which crystallised from 
alcohol in colourless needles, m. p. 159—160° (Found: C, 88-3; H, 6-3. C,,H,,N requires 
C, 88-2; H, 61%). Acetylation in the normal manner gave 2-acetamido-p-terphenyl, which 
separated from benzene-light petroleum (b. p. 60—80°) in plates, m. p. 125—126° (Found: 
C, 83:3; H, 5-8. C,H,,ON requires C, 83-6; H, 5-9%). 

4-Nitro-p-terphenyl._—4-Nitro-4’-acetamidodiphenyl (cf. Willstatter and Kalb, Ber., 1906, 
89, 3479) was prepared from 4: 4’-dinitrodiphenyl by partial reduction to 4-nitro-4’-aminodi- 
phenyl (Guglialmelli and Franco, loc. cit.) followed by acetylation. The acetyl derivative 
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(10 g.) was nitrosated in the usual manner and gave 4-nitro-4’-nitrosoacetamidodiphenyl (8 g.) 
as a light yellow powder, m. p. 106° with explosive decomposition (Found: N, 15-15. 
C,4H,,0O,N, requires N, 14:7%). Reaction with benzene at 20° in the usual way yielded 
4-nitro-p-terphenyl in yellow plates from alcohol, m. p. and mixed m. p. 211—212° (Found : 
C, 78-7; H, 4-5. Calc. for C,;gH,,O,.N: C, 78-5; H, 4:7%). 

4-Amino-p-terphenyl.—Reduction of 4-nitro-p-terphenyl with stannous chloride, as de- 
scribed above for 2-nitro-p-terphenyl, gave 4-amino-p-terphenyl, m. p. 197—198° (cf. Pummerer, 
Binapfl, Bittner, and Schuegraf, /oc. cit. ;; Pummerer and Bittner, Joc. cit.). 

Nitration of 4-Nitro-p-terphenyl.—A solution of the nitro-compound (0-7 g.) in a mixture of 
glacial acetic acid (50 c.c.) and fuming nitric acid (d 1-5, 3 c.c.) was heated at 100° for 1 hour. 
The yellow crystalline substance (0-5 g.) which separated in yellow needles (m. p. 272—273° 
from nitrobenzene) was shown to be identical with 4 : 4’’-dinitro-p-terphenyl. 

Nitration of 4: 4’’-Dinitro-p-terphenyl.—A suspension of the dinitro-compound (0-5 g.) in 
glacial acetic acid (25 c.c.) and fuming nitric acid (d 1-52; 1 c.c.) was heated at 100° for 15 
minutes. Addition of water precipitated 4: 2’: 4”-trinitro-p-terphenyl, which crystallised 
from alcohol in pale yellow needles, m. p. 193—194°, undepressed on admixture with the 
trinitro-compound obtained by direct nitration of p-terphenyl. 

4: 3’-Dinitro-p-terphenyl.—Nitrous fumes were passed for 7 hours into a suspension of 3 : 4’- 
dinitro-4-acetamidodiphenyl (4 g.) (cf. Scarborough and Waters, J., 1927, 1139), prepared from 
3-nitro-4-acetamidodipheny] (Fichter and Sulzberger, Ber., 1904, 37, 881), in a mixture of glacial 
acetic acid (150c.c.) and acetic anhydride (40 c.c.) at 8° with continuous stirring. No nitroso-com- 
pound could be detected in solution, and the solid in suspension was unchanged starting material. 
The mixture was therefore left overnight at 15°, and from the green solution decanted from 
unchanged material, iced water precipitated a yellow nitroso-compound. This was allowed 
to react with benzene at 20° in the usual way, and the product purified by distillation at 175°/10* 
mm. Crystallisation of the solid distillate from alcohol gave yellow needles of 4 : 3’-dinitro-p- 
terphenyl, m. p. 174—175°'(Found : C, 67-5; H, 3-6. C,,H,,0,N, requires C, 67-5; H, 3-75%). 

Nitration of 4 : 3’-Dinitro-p-terphenyl.—A solution of the dinitro-compound (0-2 g.) in glacial 
acetic acid {10 c.c.) was heated with fuming nitric acid (d 1-5, 0-5 c.c.) at 100° for 2 hours. 
The solid which separated on dilution with water crystallised from alcohol or acetic acid in pale 
yellow needles, m. p. 193—194°, both alone and mixed with the trinitro-compound obtained 
by direct nitration of p-terphenyl. 

Nitrosation of 2-Nitrodiacetyl-1 : 4-phenylenediamine.—2-Nitrodiacetyl-1 : 4-phenylenedi- 
amine (7 g.), prepared by nitration of diacetyl-1 : 4-phenylenediamine (Ladenburg, Ber., 1884, 
17, 148), was nitrosated in a mixture of glacial acetic acid (100 c.c.) and acetic anhydride (25 
c.c.) in the usual manner. When the liquid was poured into iced-water, the nitroso-derivative 
separated as a yellow oil, which was extracted with benzene (400 c.c.). After standing over- 
night, the benzene was removed, and the residue distilled at 140°/10-* mm. The solid distillate 
crystallised from methyl alcohol in yellow needles (2-4 g.), m. p. 132—133°, both alone and 
admixed with an authentic specimen of 3-nitro-4- racetamidodiphenyl (Found: C, 65-4; 
H, 4:8. Calc. for C,,H,,0O,N,: C, 65-6; H, 4:7%). 


C. Halogeno-derivatives. 


Reaction of 4-Nitrosoacetamidodiphenyl with Chlorobenzene.—The nitroso-compound (6 g.) 
was dissolved in chlorobenzene (180 c.c.) at 20°, the subsequent procedure being as described 
above for the reaction with nitrobenzene. The solid distillate obtained at 150°/10° mm. 
was fractionally crystallised from acetic acid and gave finally three distinct crops of crystals 
in the following order: (i) 4-Chloro-p-terphenyl, in colourless plates from alcohol, m. p. 220— 
221° (1-2 g.) (Found: C, 81-7; H, 4-9. Calc. for C,,H,,Cl: C, 81-7; H, 49%); (ii) 3-chloro- 
p-terphenyl, in colourless leaflets from alcohol, m. p. 136—137° (0-5 g.) (Found: C, 81-7; H, 
5-0%); (iii) 2-chloro-p-terphenyl, in colourless needles from alcohol, m, p. and mixed m. p. 
with an authentic specimen (see below) 110—111° (0-8 g.) (Found: C, 81-6; H, 4-9%). 

2-Chloro-p-terphenyl.—2-Amino-p-terpheny] (1-2 g.) was diazotised by warming with a mix- 
ture of concentrated hydrochloric acid (5 c.c.) and water (2 c.c.), cooling rapidly to obtain a fine 
suspension, and adding sodium nitrite (0-4 g.) in small amounts below 10°. An orange pre- 
cipitate was produced which remained unchanged on addition of excess sodium nitrite and 
hydrochloric acid but dissolved in excess water. An ice-cold solution of cuprous chloride 
(prepared from 1 g. of copper sulphate) was added gradually with shaking to the diazo-solution, 
and the mixture boiled. The dark oil which formed was extracted with ether, and after re- 
moval of solvent the residue was dissolved in hot alcohol (with charcoal). From the filtered 
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solution 2-chloro-p-terphenyl separated, m. p. 110—111° both alone and on admixture with 
the compound of similar m. p. obtained as above. 

2: 5:2” : 5”-Tetrachloro-p-terphenyl. Dinitrosodiacetyl-1 : 4-phenylenediamine (5 g.) was 
added gradually with stirring to molten p-dichlorobenzene (200 g.) maintained at 50—55°. 
Nitrogen was freely evolved, and after 1 hour the temperature was raised to 90° for 2 hours. 
The resulting mixture was diluted with benzene and filtered from a small insoluble residue. 
After removal of benzene and excess p-dichlorobenzene by distillation, first at atmospheric 
pressure and finally under reduced pressure, the residue was distilled at 185—195°/20mm. The 
oily distillate rapidly solidified, and on crystallisation from glacial acetic acid 2: 5: 2” : 5’’- 
tetvachloro-p-terphenyl (0-5 g.) separated in almost colourless prisms, m. p. 203—204° (Found : 
59-0; H, 2-9. C,,H, Cl, requires C, 58-7; H, 2-7%). 

Reaction of 4-Nitrosoacetamidodiphenyl with Bromobenzene.—The nitroso-compound (6 g.) 
was allowed to react with bromobenzene (180 c.c.) at 20° and the product worked up as described 
above. Fractional crystallisation from acetic acid resulted eventually in the isolation of three 
distinct crops of crystals in the following order: (i) 4-Bromo-p-terphenyl, in colourless plates 
from alcohol, m. p. and mixed m. p. with a synthetic specimen (see below) 231—232° (1-4 g.); 
(ii) 2-bromo-p-terphenyl, in colourless plates from alcohol, m. p. 86—88° (0-9 g.) (Found: C, 
70-0; H, 4-3. C,,H,,Br requires C, 69-9; H, 4-2%) ; (iii) 3-bromo-p-terphenyl, in colourless needles 
from alcohol, m. p. 147—148° (0-4 g.) (Found: C, 69-9; H, 42%). 

Oxidation of 2-Bromo-p-terphenyl.—The bromo-compound, m’ p. 86—88° (0-25 g.), was 
oxidised by boiling with chromic anhydride (0-75 g.) in glacial acetic acid (35 c.c.) for 1 hour. 
The acid, obtained by precipitation with water, crystallised from acetic acid in white needles, 
m. p. 240—241°, undepressed by admixture with 2-bromodiphenyl-4’-carboxylic acid prepared 
and characterised as described below. 

4-Bromo-p-terphenyl.—4-Bromo-4’-acetamidodiphenyl was prepared from 4-nitrodiphenyl 
by successive bromination, reduction, and acetylation (Le Févre and Turner, J., 1926, 2045). 
Nitrosation was effected in the usual way, and 4-bromo-4'-nitrosoacetamidodiphenyl obtained 
as a yellow powder, m. p. 91—92° (decomp.) (Found: N, 9-1. C,,H,,O,N,Br requires N, 
9-1%). Reaction with benzene at 30° gave 4-bromo-p-terphenyl, which separated from alcohol 
in colourless plates, m. p. 231—232° (Found: C, 69-5; H, 4-4%). 

Bromination of p-Terphenyl.—Bromine (4-5 g.) was added to a hot solution of p-terphenyl 
(2 g.) in glacial acetic acid (200 c.c.) containing a trace of iodine. The solution was maintained 
at 100° for 1 hour, during which little hydrogen bromide was evolved, but, on boiling for 5—6 
hours under reflux, evolution of hydrogen bromide was vigorous. After cooling, the separated 
solid was filtered off and repeatedly extracted with hot alcohol, whereby 4-bromo-p-terphenyl] 
(0-9 g.) was removed, m. p. and mixed m. p. with a synthetic specimen 231—232°. Crystallis- 
ation of the alcohol-insoluble residue gave 4: 4’’-dibromo-p-terphenyl, which separated from 
nitrobenzene in colourless prisms, m. p. 309—311° (cf. von Braun, Irmisch, and Nelles, loc. cit.). 

4-Iodo-p-terphenyl.—4-lodo-4’-aminodiphenyl was obtained by reduction with stannous 
chloride of 4-iodo-4’-nitrodiphenyl, prepared by the method of Guglialmelli and Franco 
(Anal. Asoc. Quim. Argentina, 1931, 19, 5). The acetyl derivative, obtained in the 
normal manner, separated from nitrobenzene in small needles, m. p. 246—247° (Found: 
C, 50-0; H, 3-8. C,,H,,ONI requires C, 49-85; H, 36%). Nitrosation of 4-iodo-4’-acet- 
amidodiphenyl (5 g.), suspended in a mixture of glacial acetic acid (150 c.c.) and acetic 
anhydride (50 c.c.), in the usual way, gave 4-iodo-4'-nitrosoacetamidodiphenyl as a yellow micro- 
crystalline solid, m. p. 90—91° (decomp.) (Found: N, 7-6. C,,H,,O,N,I requires N, 7-65%). 
The nitroso-compound was added to benzene (600 c.c.), the mixture being stirred while the tem- 
perature was slowly raised from 40° to boiling during 2 hours. After removal of benzene, the 
residue was purified by distillation at 200°/10-? mm. Crystallisation of the solid distillate from 
xylene gave 4-iodo-p-terphenyl in colourless plates, m. p. 246—247° (Found: C, 60-5; H, 3-8. 
Calc. for C,,H,,;1: C, 60-7; H, 3-7%) (cf. Pummerer and Bittner, loc. cit.). 

Reaction of Diazotised o-Bromoaniline with Toluene in Presence of Alkali.—An ice-cold 
solution of o-bromoaniline (24-5 g.) in concentrated hydrochloric acid (43 c.c.) was diazotised 
by the slow addition of a slight excess of a solution of sodium nitrite (10 g.) in water (25 c.c.). 
Toluene (400 c.c.) was added, and the vigorously stirred mixture treated dropwise with a 40% 
aqueous solution of sodium hydroxide until just alkaline, the temperature being maintained at 
5° by addition of ice. Stirring was continued at room temperature overnight. The toluene 
layer was separated, excess toluene removed, and the tarry residue distilled with superheated 
steam. The distillate, a mixture of 2-bromo-2’- and -4'-methyldiphenyl, was redistilled, and the 
oil collected at 120—170°/17 mm. 
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Oxidation of the mixture of bromomethyldiphenyls. The above oil (6 g.) was oxidised by 
boiling with chromic anhydride (15 g:) in glacial acetic acid solution for 12 hours, and the 
resultant bromodiphenylcarboxylic acids precipitated with water and extracted with ether. 
Alkaline extraction of the ethereal solution and subsequent acidification precipitated the mixture 
of acids (1-5 g.). Separation of 2-bromodiphenyl-4’- from 2-bromodiphenyl-2’-carboxylic 
acid was effected by heating the mixed acids with concentrated sulphuric acid (9 c.c.) at 45— 
50° for 15 minutes, whereby the 2’-carboxylic acid was converted into 4-bromofluorenone. The 
deep red solution was poured on ice, and the yellow solid which separated was extracted with 
ether; the ethereal solution was washed with dilute alkali to remove the unchanged 2-bromo- 
diphenyl-4’-carboxylic acid, which was reprecipitated on acidification. Crystallisation from 
glacial acetic acid (charcoal) gave 2-bromodiphenyl-4’-carboxylic acid in needles, m. p. 240—241° 
(0-5 g.) (cf. Gomberg and Pernert, loc. cit.). 4-~Bromofluorenone, isolated from the ethereal solution, 
separated from glacial acetic acid in yellow needles, m. p. 127—128° (0-9 g.) (Found: C, 60-4; 
H, 2-9. C,,;H,OBr requires C, 60-2; H, 2-7%). 

Reaction of Diazotised p-Toluidine with Bromobenzene in the Presence of Alkali.—p-Toluidine 
(22 g.) was diazotised, and allowed to react with bromobenzene in the presence of alkali exactly 
as described in the preceding preparation (cf. Gomberg and Pernert, Joc. cit.). The mixture 
of 2-bromo- and 4-bromo-4’-methyldiphenyl so obtained was separated by fractional dis- 
tillation into the former, b. p. 300—305°/760 mm. (2-5 g.), and the latter, b. p. 310—315°/760 
mm., m. p. 131—132°. 

Oxidation of 2-Bromo-4'-methyldiphenyl.—Oxidation carried out with chromic anhydride 
in glacial acetic acid solution as previously described gave the corresponding carboxylic acid 
in small needles, m. p. 240—241° (from acetic acid), undepressed on admixture with the 2- 
bromodiphenyl-4’-carboxylic acid obtained above from o-bromoaniline and toluene. 


The authors desire to express their thanks to Mr. J. W. Haworth, M.Sc., for assistance with 
the preparation of dinitrosodiacetyl-1 : 4-phenylenediamine and its reaction with benzene. 
One of us (H.F.) is also indebted to the Carnegie Trust for the award of a Scholarship. 
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257. Studies on Vitamin E. Part IV. Synthetic Experiments in the 
Coumaran and Chroman Series. The Structure of the Tocopherols. 


By F. BEeRGEL, (Miss) A. JAcos, A. R. Topp, and T. S. Work, 


Confirmation of the view expressed in Part III of this series that the tocopherols 
are chroman or coumaran derivatives bearing a long side chain in the heterocyclic 
nucleus has been sought by model synthetic experiments. y-Cumoquinone, condensed 
with ethyl sodiostearoylacetate, gave as main product 5-hydroxy-3-stearoyl-4 : 6 : T-iri- 
methylisocoumaranone from which was prepared 5-hydroxy-4 : 6: 7-trimethyl-2-n- 
heptadecylcoumaran. This compound is isomeric with B-tocopherol and resembles it 
closely in absorption spectrum and reducing properties, but it has no vitamin E activity 
in doses up to 100 mg. Condensation of ethyl sodiopalmitoylacetate and y¥-cumo- 
quinone proceeded similarly. 5-Hydvroxy-2: 4: 6 : 7-tetramethylcoumaran, synthesised 
by two methods, also resembles the tocopherols closely in properties. Similarly 
close resemblance is shown by 6-hydroxy-2 : 2: 4-trimethylchroman, synthesised from 
6-hydroxy-4-methylcoumarin. Structural formule for the tocopherols are proposed 
and discussed. The degradative and synthetic evidence available does not dis- 
tinguish definitely between chroman and coumaran formule for the tocopherols. 


In Part III of this series (this vol., p. 253) it was suggested that «- and 8-tocopherol were 
probably coumaran or chroman derivatives bearing a long side chain in the heterocyclic 
nucleus. With a view to test this hypothesis we undertook the synthesis of compounds 
of this type. Some of our results have already been reported (Nature, 1938, 141, 646) 
and are now given in more detail. 

Smith and MacMullen (J. Amer. Chem. Soc., 1936, 58, 630) showed that condensation 
of y-cumoquinone with ethyl sodioacetoacetate, followed by acidification of the initially 
formed addition product, yielded a mixture of 5-hydroxy-4 : 6 : 7-trimethyl¢socoumaranone 
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(I; R=H) and 5-hydroxy-2:4:6:7-tetramethylcoumarone (II; R= Me). Since 
coumarans can be prepared by partial hydrogenation of coumarones, this method applied 
to higher homologues of acetoacetic acid appeared to offer an unambiguous route for the 
synthesis of 5-hydroxy-coumarans bearing a long side chain in position 2. This proved 
to be the case, although the reaction took a somewhat unexpected course. 


Me Me 
HO CHR HO H 
Me Me 
Me Me 
ml Ce H HO, H 
(IIT.) i 2 2 (IV.) 
Me \ C:ICHahe'CHs ge Panes 
Me Me 


Condensation of stearoyl chloride with ethyl sodioacetoacetate afforded ethyl stearoylaceto- 
acetate which gave on gentle hydrolysis ethyl stearoylacetate. The latter substance when 
subjected to further hydrolysis yielded methyl n-heptadecyl ketone. When condensed 
with y%-cumoquinone in a manner similar to that employed by Smith and MacMullen 
(loc. cit.), ethyl sodiostearoylacetate gave 5-hydroxy-3-stearoyl-4 : 6 : 7-trimethylisocoumar- 
anone (1; R = CO-C,,H;,) in good yield, accompanied by small amounts of 5-hydroxy- 
4: 6: 7-trimethyl-2-n-heptadecylcoumarone (II; R= (C,,H3;) and 5-hydroxy-4 : 6: 7-tri- 
methyl-2-n-heptadecylcoumarone-3-carboxylic acid (III). The occurrence of (Il; R= 
CO-C,,H3,;) as main product of the reaction is presumably to be attributed to the increased 
stability of the higher §-ketonic acids as compared with acetoacetic acid. The reactions 
of the various products leave no doubt as to their constitution. 

It seemed possible that the isocoumaranone (I; R = CO:C,,H;,) might be converted 
into the desired coumarone (II; R = C,,H;,) by opening the lactone ring, decarboxylating 
the initially formed acid, and again closing the ring via the enolised keto-group. Warm- 
ing with alkali proved unsatisfactory for this purpose; much decomposition occurred, 
and the only readily identifiable product was stearic acid. Better results were obtained 
by heating the zsocoumaranone with alcoholic hydrochloric acid in presence of zinc. The 
reaction product consisted of a mixture of the coumarone (II; R = (C,,H;,) and the 
ethyl ester of (III). To eliminate formation of this ester, the experiment was repeated, 
glacial acetic acid being substituted for the alcohol previously used; this proved entirely 
satisfactory, the coumarone (II; R = C,,H;;) being obtained in almost theoretical yield. 
The structure of the acid (III) was confirmed by decarboxylation to (II; R = C,,Hs;). 

The isocoumaranone derivative (I; R = CO-C,,H;;) on pyrolysis gave a mixture of 
substances from which could be isolated 5-hydroxy-4 : 6 : 7-trimethylisocoumaranone 
(I; R=H), identical with the condensation product from y%-cumoquinone and ethyl 
acetoacetate. The condensation of ethyl sodiopalmitoylacetate with y-cumoquinone 
proceeded in a manner analogous to that of the stearoyl compound, the main product 
being 5-hydroxy-3-palmitoyl-4 : 6 : '7-trimethylisocoumaranone (I; R = CO-C,;H;,) from 
which could be prepared 5-hydroxy-4 : 6 : 7-trimethyl-2-n-pentadecylcoumarone (Il; R= 
C,5H3,) and ethyl 5-hydroxy-4 : 6 : 7-trimethyl-2-n-pentadecylcoumarone-3-carboxylate. 

Partial hydrogenation of 5-hydroxy-4 : 6 : 7-trimethyl-2-n-heptadecylcoumarone (II; 
R = C,,H;;) in glacial acetic acid with palladised charcoal as catalyst gave 5-hydroxy- 
4:6: 7-trimethyl-2-n-heptadecylcoumaran (IV). This compound is isomeric with 6- 
tocopherol and shows a close resemblance to the tocopherols in most of its properties, 
although it appears to lack vitamin E activity when tested in dosages of 50 mg. and 100 mg. 
In reducing properties and absorption spectrum it is almost identical with the tocopherols, 
and on thermal decomposition it yields duroquinol. Conversion of (IV) into its allo- 
phanate causes a change in absorption spectrum similar to that observed on allophanating 
the tocopherols. The details of the spectra are summarised in Table I. Surface-film 
measurements of $-tocopherol and of 5-hydroxy-4 : 6 : 7-trimethyl-2-n-heptadecylcoumarone 
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(II; R = C,,H,,) were made by Dr. J. F. Danielli, to whom we express our thanks. The 
results, which have been reported elsewhere (Nature, 1938, 141, 646), indicate that the two 
compounds are analogous in structure. Accurate measurements could not be made with 
the coumaran (IV) itself since it formed solid films. As an example of a somewhat simpler 
coumaran derivative we also prepared 5-hydroxy-2:4:6:'7-tetramethylcoumaran by 
heating y%-cumoquinol with allyl bromide in presence of zinc chloride, a reaction which 
proceeded with some difficulty. The same substance was also obtained by heating 
y-cumoquinol monoallyl ether to a high temperature, followed by cyclisation of the initially 
formed trimethylallylquinol by heating with pyridine hydrochloride. This compound 
also shows close similarity to the tocopherols in reducing properties and absorption 






spectrum. 
TABLE I, 
Wave-length, a. 
Substance. Max. Min. €mol., Max. 
TORII os cnccsnnssacnessersnseosepensnantecesschasstipees 2950 2600 3698 
5-Hydroxy-2 : 4:6: 7-tetramethylcoumaran ......... 2960 2700 3840 
CIEE EEO dcacedssesecssdsncecetcbtvessces sevastobeboreess 2970 2580 3993 
GRE CUED disincdekdeciinccsvckehoccsceskeshtoqitouumeas 3010 2560 3803 
B-Tocophery! allophanate ............ccccccocecsosessoccesee 2850 2550 2320 
Allophanate of compound (IV) ...........sseesceseeseeees 2870 - 2540 2683 
Allophanate of compound (VI) ..........cesceeseeeeeceees 2830 2560 1925 


The experimental evidence is in accordance with the view that the tocopherols are 
coumaran derivatives, but the possibility of a chroman structure is not excluded. Spectro- 
scopically, at least, one would not expect 5-hydroxycoumarans to differ materially from 
6-hydroxychromans (cf. von Auwers, Annalen, 1918, 415, 98). To test this point we 
synthesised 6-hydroxy-2 : 2 : 4-trimethylchroman (V1) by a method leaving no doubt as to 
its structure. Treatment of 6-acetoxy-4-methylcoumarin (V) (Borsche, Ber., 1907, 40, 
2732) with methylmagnesium iodide gave 6-hydroxy-2 : 2: 4-trimethyl-A*-chromen, 
readily hydrogenated to (VI). As anticipated, the compound (VI) also resembled the 
tocopherols closely in reducing properties and absorption spectrum, and the allophanates 
were also similar (cf. Table I). The standard methods of chroman synthesis have been 
developed largely with resorcinol derivatives. When applied to substituted quinols, they 
do not as a rule function satisfactorily. Formation of the heterocyclic ring is not so 
readily achieved, and the susceptibility to oxidation of the starting material and products 
is an added complication. We have been engaged for some time on a series of synthetic 
investigations on substituted 6-hydroxychromans, and our results will be communicated 


later, 
CMe CHMe 


) aco’ \“ Nc H ee the 
/CO o/CMe, 


(vil.) CH,[CHMe-CH,-CH,CH,],-CMe:CH-CH,-OH 


Me CH, 
H H 
III. . 
ae. Me /CMe-[CH,-CH,°CH,CHMe],-CH, 
Me 
Me 
(IX.) s Hy 
M CH-[CHMe:CH,°CH,°CH,],*CHMe, 
Me 


The formula of 8-tocopherol, C,,H,,0,, differs from that of a-tocopherol, CygH;90,, 
by CHg, and the close similarity in properties between the two compounds makes it reason- 
able to assume that they are simple homologues. The formation of %-cumoquinol as pyro- 
lytic product from the former (John, Z. physiol. Chem., 1937, 250, 11; Bergel, Todd, and 
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Work, loc. cit.) and of duroquinol from the latter (Fernholz, J. Amer. Chem. Soc., 1937, 
59, 1154) indicates that «-tocopherol differs from $-tocopherol in having an additional 
methyl group on the aromatic nucleus. Since 5-hydroxy-4 : 6 : 7-trimethyl-2-n-heptade- 
cylcoumaran gives duroquinol on pyrolysis, it may be concluded that «-tocopherol has 
three such methyl groups on the aromatic nucleus. As to the nature of the side chain, 
it has been established that the tocopherols contain several side methyl groups in addition 
to those on the aromatic ring. Since the tocopherols contain 20 carbon atoms in addition 
to those accounted for by the aromatic nucleus, it is attractive on biogenetic grounds to 
regard them as built up by condensation of quinols with phytol (VII). This substance 
occurs in all green plants as a constituent of chlorophyll, and it is noteworthy that it also 
accompanies the tocopherols in wheat-germ oil (Todd, Bergel, and Work, Biochem, J., 1937, 
31, 2259). On this basis, a-tocopherol would have structure (VIII) or (IX) according to 
whether it is a chroman or coumaran derivative. 

For $-tocopherol, if it differs from the «-compound only by having one less methyl 
group on the aromatic ring, three isomers (derived from o-, m-, and p-xyloquinol) are pos- 
sible, both with coumaran and chroman structures, and it is likely that synthesis will 
prove the best means of distinguishing between them. In Part III (loc. cit.) we reported 
the presence of traces of an unidentified higher-melting quinol in addition to y-cumoquinol 
in the pyrolytic products of $-tocopherol. There is a possibility that this may have 
been ~-xyloquinol (m. p. 215°) or o-xyloquinol (m. p. 221°) produced by fission of the 
heterocyclic ring at the point of attachment to the aromatic ring. It should, of course, 
be possible to obtain dimethylmaleic acid by oxidation of 8-tocopherol if it is derived 
from o-xyloquinol but this would require considerably larger amounts of material than 
are at our disposal. 

The conclusion that «-tocopherol might possess structure (VIII) was independently 
reached by Fernholz (J. Amer. Chem. Soc., 1938, 60, 700), and somewhat later the view 
that the tocopherols were coumarans or chromans with long side chains was also ad- 
vanced by John (Z. physiol. Chem., 1938, 252, 222) and by Karrer, Salomon, and Fritzsche 
(Helv. Chim. Acta, 1938, 21, 309). Fernholz favoured structure (VIII) rather than (IX) 
for a-tocopherol because he obtained on chromic acid oxidation a y-lactone, C;Hy90z. 
He maintained that formation of a y-lactone indicated a chroman structure for the 
vitamin, but, as Karrer, Fritzsche, Ringier, and Salomon (ibid., p. 520) have pointed 
out, it is possible to derive the lactone C,,H,,O, from a coumaran structure also, so the 
evidence is not conclusive. Recently, John, Dietzel, Giinther, and Emte (Naturwiss., 1938, 
26, 366) have also brought forward evidence in support of a chroman structure for the 
vitamin, but it seems as though a final decision will be most readily attained by. complete 
and unambiguous synthesis. 

Before the appearance of Fernholz’s publication (loc. cit.) we had carried out some 
further oxidations on 8-tocopherol. Our quantities of material were too small to permit 
of the isolation of any identifiable products other than a fatty acid, apparently C,,H,,0,; 
in view of Fernholz’s results we have not continued the investigation. The results of 
catalytic hydrogenation of a-tocopherol are also recorded in the experimental section; 
it absorbs 4 mols. of hydrogen in the same way as §-tocopherol (Part III; Joc. cit.). 


EXPERIMENTAL. 


Ethyl Stearoylacetoacetate—To sodium dust (2-5 g.) covered with dry ether (400 c.c.), ethyl 
acetoacetate (28-2 g.; 2 mols.) diluted with dry ether (100 c.c.) was gradually added, and the 
mixture set aside overnight. Stearoyl chloride (32-7 g.) (Izar, Biochem. Z., 1912, 40, 403), 
dissolved in ether (100 c.c.), was added fairly rapidly at room temperature, and the whole 
subsequently refluxed for 1 hour in a nitrogen atmosphere, sodium chloride separating. After 
cooling, the mixture was diluted with water, and the ethereal layer tapped off and dried. After 
removal of ether and excess ethyl acetoacetate by distillation, the residue crystallised from 
alcohol. After two recrystallisations, the ester had m. p. 42° (Found: C, 72-7; H, 11-4. 
Cy,H,,O, requires C, 72-7; H, 111%). Yield 29 g. 

Ethyl Stearoylacetate—The above ester (23 g.), suspended in water (300 c.c.) containing 
sodium hydroxide (2-3 g.), was heated on the water-bath during 45 minutes, and the milky 
liquid quickly cooled and extracted with ether. After being washed successively with sodium 
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carbonate solution and water, the ethereal solution was dried over sodium sulphate and evapor- 
ated. The oily residue set to a mass of colourless crystals. After six recrystallisations from 
alcohol, these had m. p. 46-5° (Found: C, 74:7; H, 11-8. C,,H,,O, requires C, 74:5; H, 
118%). Yield 15 g. On addition of ammoniacal copper acetate to an alcoholic solution 
the copper salt separated as pale green crystals, m. p. 111—112°. 

Methyl n-Heptadecyl Ketone.—To ethyl stearoylacetate (0-5 g.) dissolved in alcohol (10 c.c.), 
sodium hydroxide solution (20 c.c. of 2N) was added, and the mixture boiled under reflux 
for 12—14 hours. On diluting with water, extracting with ether and evaporating the ethereal 
solution, an oil was obtained which solidified on standing. Recrystallised from alcohol, the 
ketone formed colourless platelets, m. p. 57°. Despite repeated trials satisfactory analytical 
values could not be obtained (Found: C, 80-1; H,12-9. C,,H,,O requires C, 80-8; H, 13-5%). 
The semicarbazone crystallised from methyl alcohol as needles, m. p. 124—125° (Found: 
N, 12:2. Cy 9H,,ON, requires N, 12-4%), and from it the ketone, m. p. 57°, could be readily 
regenerated. 

Condensation of 4-Cumoquinone. with Ethyl Sodiostearoylacetate. —To the ester (3-5 g.) in 
absolute alcohol (150 c.c.), a solution of sodium (0-23 g.) in absolute alcohol (25 c.c.) was added 
at room temperature. A solution of ¥-cumoquinone (1-5 g.) in absolute alcohol (25 c.c.) was 
dropped slowly into the mixture, which was frequently shaken during the addition. The 
ethyl! sodiostearoylacetate slowly dissolved, and after standing overnight the purple-red solution 
was poured on a mixture of crushed ice (300 g.) and concentrated hydrochloric acid (9-4 c.c.). 
The brown precipitate, initially resinous, soon.solidified, and was collected and dissolved in 
hot alcohol to which were added a few drops of alcoholic hydrogen chloride. On cooling, 
5-hydroxy-3-stearoyl-4 : 6 : 7-trimethylisocoumaranone (1; R = CO-C,,H;,) separated in waxy 
crystals. Recrystallised from benzene-light petroleum, it had m. p. 104° (1-2 g.) (Found: 
C, 76-1; H, 9-9. C,ygH,,O, requires C, 76-0; H, 100%). The substance reduced neutral silver 
nitrate fairly readily on heating, was soluble in aqueous sodium hydroxide, and gave a blue 
colour with ferric chloride in alcoholic solution. 

The alcoholic mother-liquors from the first crystallisation of the above substance yielded 
on concentration small amounts of 5-hydroxy-4: 6: 7-trimethyl-2-n-heptadecylcoumarone 
(Il; R= C,,H;,), m. p. 101—102° (see below), and 5-hydroxy-4 : 6 : 7-trimethyl-2-n-heptade- 
eylcoumarone-3-carboxylic acid (III). The latter, recrystallised from benzene—light petroleum, 
formed a colourless crystalline powder, m. p. 158—159° (Found: C, 76-1; H, 9°8. CggH4,.O, 
requires C, 76-0; H, 10-0%). It was soluble in dilute sodium carbonate solution, and on 
heating to 230—240°/14 mm. during 2 hours it lost carbon dioxide, yielding (II; R = CirHss), 
identified by m. p. and mixed m. p. 

5-Hydroxy-4 : 6 : 7-trimethyl-2-n-heptadecylcoumarone (II; R= C,,H3,;).—(A) The iso- 
coumaranone (I; R = CO-C,,H;,) (0-5 g.) was dissolved in a mixture of absolute alcohol (10 
c.c.) and concentrated hydrochloric acid (2-5 c.c.), and after addition of zinc dust (1-5 g.), the 
mixture was heated on the water-bath during 5 hours, cooled, diluted with water, and ex- 
tracted with ether, the extract being washed with sodium carbonate solution and dried over 
sodium sulphate. The oily residue left on evaporation of the ether quickly solidified. On 
dissolution in hot alcohol and cooling, the coumarone separated as a colourless crystalline 
powder. After recrystallisation from methyl or ethyl alcohol it had m. p. 101—102° (Found : 
C, 80-8; H, 10-9. C,,H,,O, requires C, 81-2; H, 11-1%) (yield 0-2 g.). Insoluble in sodium 
hydroxide solution (2N), it gave with concentrated sulphuric acid a deep yellow, and with a 
mixture of concentrated sulphuric and glacial acetic acids a green colour. It reduced neutral 
silver nitrate on warming for 5 minutes on the water-bath; under the same conditions it re- 
duced ammoniacal silver nitrate almost instantaneously. In alcoholic solution its absorption 
spectrum showed maxima at 2930 A. (€,.), = 4554) and 25504. (Emo. = 18216). 

On keeping the alcoholic mother-liquors of the above substance for a few days, ethyl 5- 
hydroxy-4 : 6 : 7-trimethyl-2-n-heptadecylcoumarone-3-carboxylate separated as colourless needles. 
Recrystallised from methyl alcohol, it had m. p. 68—69° (Found: C, 76-5; H, 10-3. C,H 5.0, 
requires C, 76-5; H, 10-3%). On hydrolysis with alcoholic potassium hydroxide (20%), 
the ester yielded an acid, m. p. 158—159° undepressed on admixture with (III). 

(B) The above isocoumaranone (I; R = CO-C,,H;;) (1 g.) was refluxed for 5 hours with 
a mixture of glacial acetic acid (40 c.c.), concentrated hydrochloric acid (20 c.c. of 25%), and 
zinc dust (3 g.). After cooling, the mixture was diluted with water, washed thoroughly with 
sodium bicarbonate solution, dried, and evaporated. The colourless crystalline residue was 
recrystallised from alcohol and then had m. p. 101—102° (0-9 g.), undepressed on admixture 
with the coumarone (II; R = C,,H,;,). 











1380 Bergel, Jacob, Todd, and Work: 


5-Hydroxy-4 : 6 : 7-trimethyl-2-n-heptadecylcoumaran (IV).—The above coumarone (0°6 g.), _ 


dissolved in glacial acetic acid (ca. 75 c.c.), was shaken at 46—47° with hydrogen in presence 
of palladised charcoal (ca. 0-4 g.) during 3 hours. Hydrogen absorption was then complete, 
the total amount absorbed corresponding approximately to 1 mol. After being filtered, the 
solution was diluted with water, extracted with ether, and the extracts, after being washed 
thoroughly with water and sodium bicarbonate, were dried and evaporated. The residue, 
which solidified on standing, crystallised from methyl alcohol in colourless waxy flakes, m. p. 
95—95-5° (Found: C, 81-1; H, 11-6. C,,H,,O, requires C, 80-8; H, 11-5%). The coumaran, 
like «- and £-tocopherol, reduced neutral silver nitrate fairly readily on warming, and gave 
a bright yellow colour with a mixture of concentrated sulphuric and glacial acetic acids. On 
treatment with cyanic acid in benzene solution at 0°, it gave a colourless allophanate, which, 
recrystallised from acetone, had m. p. 192° (Found: C, 71-9; H, 9-8; N, 5°7. Csg9H59O,Ny 
requires C, 71-7; H, 10-0; N, 56%). 

Pyrolysis of (IV).—The above coumaran (80 mg.) was heated in a nitrogen atmosphere at 
360—365° during 6 hours. The semi-solid distillate was washed with light petroleum (b. p. 
100—120°), and the sparingly soluble crystalline residue was purified by sublimation and by 
recrystallisation from this solvent.. The product, of which only a few mg. were available, showed 
the properties of duroquinol and had m. p. 220—222°; a mixture with duroquinol (m. p. 228— 
230°) melted at 226—228°. 

Pyrolysis of (I; R = CO-C,,H;,;).—When the isocoumaranone (I; R = CO-C,;H;,) was 
heated to 350—400° in a nitrogen atmosphere, a semi-solid distillate was obtained, and crystal- 
lisation from alcohol afforded 5-hydroxy-4 : 6 : 7-trimethylisocoumaranone (I; R = H), m. p. 
195—196°; mixed with an authentic specimen (m. p. 197—198°) the m. p. was 196—197°. 

Condensation of y-Cumoquinone with Ethyl Sodiopalmitoylacetate—To a solution of ethyl 
palmitoylacetate (5-8 g.) (Levene and Haller, J. Biol. Chem., 1925, 63, 669) in absolute alcohol 
(10 c.c.), sodium (0-41 g.) dissolved in absolute alcohol (30 c.c.) was added. To the stiff soap 
formed, more alcohol was added (ca. 100 c.c.), and to the suspension ¥-cumoquinone (2-7 g. 
dissolved in 30 c.c. alcohol) was added at room temperature in small quantities with frequent 
shaking. The suspended matter passed into solution, and after standing overnight, the red- 
violet liquid was poured on a mixture of crushed ice (400 g.) and concentrated hydrochloric acid 
(15 c.c.). The brown precipitate was collected, dissolved in hot alcohol and cooled, where- 
upon 5-hydroxy-3-palmiioyl-4 : 6 : 7-trimethylisocoumaranone (I; R = CO-C,,H;,) separated. 
Recrystallised from alcohol containing a trace of hydrogen chloride, it had m. p. 104° (Found : 
C, 75-4; H, 9-6. C,,H,,O, requires C, 75-6; H, 98%). The substance was soluble in dilute 
sodium hydroxide and gave a blue colour with ferric chloride in alcoholic solution. On pyrolysis 
at 350—400° it gave, together with unidentified products, 5-hydroxy-4 : 6 : 7-trimethyliso- 
coumaranone (I; R = H), identified by m. p. and mixed m. p. 

The alcoholic mother-liquors of the above isocoumaranone were subjected to steam-distilla- 
tion, which removed some unchanged quinone as well as alcohol. The residue was taken 
up in ether, and the ethereal solution dried and evaporated. The oil obtained was dissolved 
as far as possible in light petroleum (b. p. 40—60°) and subjected to chromatographic analysis 
on activated aluminium oxide (Merck), the column being developed with a mixture of light 
petroleum (b. p. 40—60°) and benzene (10:1). The chromatogram showed several indistinct 
bands in the upper part of the column, from which only resinous material could be obtained, 
but the lowest portion, which had a distinct blue fluorescence when viewed in ultra-violet 
light, yielded on elution with ether—methy] alcohol (1 : 4) a small amount of 5-hydroxy-4 : 6 : T- 
trimethyl-2-n-pentadecylcoumarone (II; R = C,5H;;). Recrystallised from methyl alcohol, 
it had m. p. 100—101° (Found: C, 80-6; H, 10:7. C,,H,,O, requires C, 80-8; H, 10-9%). The 
substance reduced neutral silver nitrate slowly on warming, and resembled the corresponding 
n-heptadecyl compound (II; R = C,,Hy;) closely in its other properties. In alcoholic solution 
its absorption spectrum showed maxima at 2950 A. (€mo. = 3474) and 2550 A. (Emo. = 18914). 

5-Hydroxy-4 : 6 : 7-trimethyl-2-n-pentadecylcoumarone (Il; R = C,sH3,;).—Treatment of the 
isocoumaranone (I; R = CO-C,;H;,) (0-3 g.) with zinc and alcoholic hydrochloric acid in 
the manner already described for the corresponding heptadecyl compound yielded the cou- 
marone (0-1 g.), m. p. 103—104° (Found : C, 80-5; H, 10-7%). Mixed with the above-described 
product, it had m. p. 102—104°. From the alcoholic mother-liquors of this substance, a 
second crystalline product (0-1 g.) was obtained, m. p. 63° to an opaque liquid which cleared 
at 71°. From analysis and mode of preparation it was considered to be ethyl 5-hydroxy-4 : 6 : 7- 


trimethyl-2-n-pentadecylcoumarone-3-carboxylate (Found: C, 75-9; H, 10-2. CygH,,O, requires 


C, 76-0; H, 10-0%). 
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¢-Cumoquinol Monoallyl Ether.—j-Cumoquinol (0-7 g.) was added to powdered potassium 
(0-2 g.) in toluene (20 c.c.), and the mixture refluxed in a hydrogen atmosphere for 30 mins. 
Ethyl alcohol (0-5 g.) was added, and the mixture refluxed until no more potassium remained. 
Allyl bromide (1-5 mol.) was added to the black gel, and the mixture refluxed for 2} hours. 
Unchanged quinol was removed by pouring the product into aqueous sodium hyposulphite, 
extracting with ether, and separating the extract into fractions soluble and insoluble in light 
petroleum. The petroleum-soluble oil was distilled under 0-5 mm., the fraction of b. p. 110— 
120° being O-monoallyl y-cumoquinol (yield 40%) (Found: C, 75-1; H, 8-3. C,,H,,O, requires 
C, 75-0; H, 83%). 

5-Hydroxy-2: 4: 6 : 7-tetramethylcoumaran.—(A) The above allyl ether (0-4 g.) was heated 
at 230° for 1} hours. The trimethylallylquinol so formed was not purified but mixed with 
pyridine hydrochloride (1 g.) and heated at 210° for a further hour. The product was extracted 
with ether, washed with sulphuric acid, and the extracted oil steam-distilled. The colourless 
crystalline coumaran distilling over was recrystallised from light petroleum (b. p. 60—80°) ; 
m. p. 128—129° (Found: C, 74-6; H, 8-1. C,,H,,O, requires C, 75-0; H, 8-3%) (yield 0-1 g.). 

(B) ¢-Cumoquinol (0-25 g.) was refluxed for 3 days with allyl bromide (1 mol.) and zinc 
chloride (0-25 g.) in a mixture of equal parts of carbon disulphide and carbon tetrachloride 
(25 c.c.). Unchanged quinol was removed by pouring into petroleum (60—80°) and keeping 
the mixture overnight at 0°. The petroleum solution was filtered, evaporated, and the residual 
oil steam-distilled. The coumaran distilling over recrystallised from light petroleum (b. p. 
60—80°), m. p. 128—129° (yield 30 mg.). 

p-Xyloqguinol Monoallyl Ether.—p-Xyloquinol (1:38 g.) was dissolved in ethyl alcohol 
(25 c.c.), and potassium (0-39 g.) added. The mixture was refluxed for } hour in hydrogen, and 
allyl bromide (1-21 g.) added. After refluxing for a further 2} hours, the mixture was poured 
into water, extracted with ether, and the extracted oil distilled under 0-5 mm. The fraction, 
b. p. 115—120°, was p-xyloguinol monoallyl ether (Found: C, 73-8; H, 7-9. C,,H,,O, requires 
C, 74:2; H, 7-8%) (yield 0-73 g.). 

6-Hydroxy-2 : 2 : 4-trimethyl-A*-chromen.—6-Acetoxy-4-methylcoumarin (5-9 g.) (Borsche, 
Ber., 1907, 40, 2732), dissolved in dry benzene (250 c.c.), was gradually added to a solution 
of methylmagnesium iodide [prepared from magnesium (11-4 g.) and methyl iodide (67 g.) 
in ether—benzéne], the whole being cooled in ice. After removal of ether by distillation, the 
mixture was refluxed for 2 hours, cooled, and treated with crushed ice and hydrochloric acid. 
The benzene layer was tapped off and evaporated, leaving a colourless oil which crystallised 
rapidly. Recrystallised from light petroleum (b. p. 60—80°), 6-hydroxy-2 : 2 : 4-trimethyl-A°- 
chromen was obtained as faintly yellowish prisms, m. p. 104—105° (Found: C, 75-8; H, 7:3. 
C,,H,,O, requires C, 75-8; H, 7-4%). The acetyl group present in the initial material seems 
to be completely removed in working up, since the crude product, m. p. 102—104°, was un- 
affected by treatment with alkali. The substance gave a deep cherry-red colour with con- 
centrated sulphuric acid alone or mixed with glacial acetic acid, and reduced neutral] silver 
nitrate readily on warming. 6-Hydroxy-4-methylcoumarin gives practically no colour with 
sulphuric acid and does not reduce silver nitrate save in presence of ammonia. In alcoholic 
solution the absorption spectrum of the chromen had a maximum at 3340 A. (€mo). = 3724). 

6-Hydroxy-2 : 2: 4-trimethylchroman (VI1).—The above chromen (0-5 g.), dissolved in 
methyl alcohol (59 c.c.), was shaken with hydrogen at room temperature in presence of palladised 
charcoal (1 g.). After 30 minutes, hydrogen absorption had ceased, the volume absorbed being 
65 c.c. (Calc. for 1 mol.: 66 c.c.). The mixture was filtered, the methyl-alcoholic solution 
evaporated, and the residue recrystallised from light petroleum (b. p. 60—80°), affording colour- 
less needles, m. p. 107—108° (Found: C, 74-8; H, 8-2. C,,H,,O, requires C, 75-0; H, 8-3%). 
The compound gave a bright yellow colour with a mixture of concentrated sulphuric and glacial 
acetic acids, and reduced neutral silver nitrate readily on warming. Treatment with cyanic 
acid in benzene solution yielded an allophanate, m. p. 182°. 

Oxidation of 8-Tocopherol.—-Tocophery] allophanate (350 mg.) was hydrolysed by boiling 
for 1 hour with 5% methyl-alcoholic potassium hydroxide; the product was dissolved in meth- 
anol (25 c.c.), silver nitrate (1 g.) added, and the solution heated on the water-bath for 1 hour, 
diluted with water, and extracted with ether. The deep red ethereal solution of the quinone 
so obtained was completely decolorised with sodium hyposulphite solution. The colourless 
oil was allowed to stand with excess diazomethane in ether for 12 hours, and the methylated 
product treated with a mixture of potassium hydrogen sulphate (100 mg.) and chromic acid 
(225 mg.; 5 mols.) in glacial acetic acid (25 c.c.) and warmed on the water-bath until oxidation 
was complete. The crude mixture was steam-distilled, the distillate extracted with ether, 
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the ether freed from acetic acid by washing with water, and the extract separated into a neutral 
and an acid fraction. The oily acid fraction possessed a strong smell of a lower fatty acid, 
but an attempt to prepare a crystalline anilide was unsuccessful. The neutral volatile fraction 
gave, on crystallisation from acetone, a trace of a compound, m. p. 50—52°, and a micro-Zeisel 
determination indicated 10-5% OCH,;. There was insufficient material for complete puri- 
fication and identification. : : 

The non-steam-volatile oxidation products were also separated into neutral and acid fractions, 
and the former, which corresponded in weight to about 50% of the starting material, was 
further oxidised with chromic acid (225 mg.) and worked up as before. The combined non- 
volatile acid (90 mg.) was distilled in a high vacuum. There was considerable decomposition, 
but 31 mg. of a colourless acid were collected (Found, by titration with NaOH: M, 192. 
Calc. for C,,H,,O,: M, 200). The acid gave a crystalline p-phenylphenacy]l ester, m. p. 98— 
100° (Found: C, 79-2; H,.8-2. Calc. for C,,H,,0,: C, 79-2; H, 8-6%). 

Micro- hydvogenations. —These determinations were carried out by Mr. F. Boston, of Man- 
chester University, using platinum oxide as catalyst. (I) «-Tocopherol (2-675 mg.) absorbed 
0-5453 c.c. (3-9 mols.) of hydrogen at N.T.P., the solvent being glacial acetic acid. No absorp- 
tion occurred in the cold, but slow and regular absorption took place at 90°. (II) a-Toco- 
pheryl allophanate (2-94 mg.) absorbed 0-5220 c.c. (4-09 mols.) of hydrogen at N.T.P., the solvent 
being decalin—acetic acid; 1 mol. was absorbed in the cold, and the other 3 mols. on heating 
to 90° for 8 hours. 


The biological tests were carried out by Miss A. M. Copping under a grant from the Medical 
Research Council, to whom we are indebted. We also thank Messrs. Glaxo Laboratories 
Ltd., and Messrs. Hoffmann-La Roche and Co., for their generous assistance. 


Tue LisTEeR InstituTE, Lonpon, S.W. 1. : [Received, July 1st, 1938.] 





258. Studies on Vitamin FE. Part V. Synthesis of Racemic 
a-T'ocopherol and of a Lower Homologue. 


By F. BEerRGEL, (Miss) A. M. Coppine, (Miss) A. Jacos, A. R. Topp, and T. S. Work. 


Racemic a-tocopherol may be synthesised by condensation of phytol with y-cumo- 
quinol. When m-xyloquinol is used, a product is obtained which also has vitamin E 
activity and may be isomeric or identical with racemic $-tocopherol. The synthetic 
method does not, however, distinguish between a chroman or a coumaran type of 
structure for the tocopherols. 


In the preceding paper we proposed for «a-tocopherol the structure (I; R= Me) or (II; 
R = Me) (cf. also Fernholz, J. Amer. Chem. Soc., 1938, 60, 700; Karrer, Salomon, and 
Fritzsche, Helv. Chim. Acta, 1938, 21, 309), 8-tocopherol being regarded as differing from 
the a-compound by having only two methyl groups on the aromatic nucleus. Recently, 
Karrer, Fritzsche, Ringier, and Salomon (ibid., p. 520) have reported the first synthesis of a 
substance having structure (I; R= Me) or (II; R= Me) by heating together phytyl 
bromide and y-cumoquinol in presence of zinc chloride, and they have now shown (Nature, 
1938, 141, 1057) that this material, giving an allophanate m. p. 172°, is indeed racemic 
a-tocopherol, since they have been able to resolve it by means of d-bromocamphorsulphonic 
acid and have obtained a product which they state is identical with the natural vitamin. 
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As announced in a preliminary note (Bergel, Jacob, Todd, and Work, Nature, 1938, 
142, 36), we have synthesised racemic «-tocopherol by a rather simpler method than that 
used above. Phytol can be directly condensed with y%-cumoquinol by heating a mixture 
of the two substances, preferably in decalin solution, in presence of zinc chloride. The 
product has high vitamin E activity, but we have not yet resolved it into optical isomers. 
This synthesis, although fairly satisfactory as regards yield of product, is, like that of the 
Swiss workers, unsatisfactory in that it fails to distinguish between formule (I; R = Me) 
and (II; R = Me) for a-tocopherol. Karrer and his colleagues believe that their synthetic 
product has structure (I1; R = Me) on the grounds that allyl bromide yields coumarans 
when condensed with phenols in presence of zinc chloride. Since phytyl bromide, however, 
is a yy-dialkylallyl bromide, it seems to us that the argument is not necessarily valid, and 
it may well be that the synthetic product has a chroman structure. We are now engaged 
on the synthesis of the tocopherols by unequivocal methods in order to solve the problem 
finally. According to the view expressed in Part IV (preceding paper), 8-tocopherol might 
have one of three isomeric structures derived severally from o-, m-, and ~-xyloquinol and 
phytol. When phytol is condensed with m-xyloquinol, the product has properties similar 
to those of 8-tocopherol. The condensation seems more difficult than in the case of 
y-cumoquinol. This product, which should have structure (I; R = H) or (Il; R= H), 
has high vitamin E activity, and yields a crystalline allophanate, m. p. 148—149°, but 
whether or not it represents a racemic form of 8-tocopherol can only be decided by resolution 
and by synthesis of the corresponding substances from o- and #-xyloquinol. 

In preliminary experiments both of these synthetic ‘‘ tocopherols ’’ have shown a high 
degree of vitamin E activity, but it is not yet possible to state the minimum active dose. 
A series of biological experiments to this end is being made by one of us (A. M. C.), and the 
results. will be reported elsewhere. 

EXPERIMENTAL. 

Condensation of Phytol with y-Cumoquinol.—(A). A mixture of phytol (1-0 g.), y-cumoquinol 
(0-7 g.), and anhydrous zinc chloride (0-3 g.) was heated rapidly to 180—190° and kept at this 
temperature during 15 minutes. The melt became brown, and a certain amount of ¥-cumoquinol 
sublimed out of the mixture. After cooling, the mixture was shaken with light petroleum 
(50 c.c.; b. p. 60—80°), decanted from zinc chloride, left overnight, filtered, and submitted to 
chromatographic analysis on activated aluminium oxide (Merck), being developed with light 
petroleum (b. p. 60—80°). The narrow brownish layer at the top of the column was discarded, 
as was the purplish lowest layer, and the broad middle portion, which was nearly colourless, 
was eluted with benzene—acetone—methyl alcohol (8:1:1). The yellowish oil obtained (200 
mg.) reduced neutral silver nitrate on warming, and gave a bright yellow colour with a mixture 
of concentrated sulphuric and glacial acetic ‘acids. On pyrolysis at about 360°, a crystalline 
product, m. p. ca. 215°, was obtained having the properties of duroquinol; oxidation with 
ferric chloride gave a quinone, m. p. 101—103°, a mixture of which with duroquinone (m. p. 
106—108°) melted at 104—106°. 

Treatment with cyanic acid in benzene solution gave an allophanate, m. p. 169—170°, 
identified by mixed m. p. (169—171°) with the allophanate (m. p. 170—171°) obtained by 
following the method of Karrer, Fritzsche, Ringier, and Salomon (loc. cit.) (Found: C, 71-9; 
H, 10-1; N, 5:3. Calc. for C;,H;,0,N,: C, 72-0; H, 10-2; N, 54%). The absorption 
spectrum of the allophanate (max. 2860 a.; min. 2520.) was almost identical with that of 
a-tocopheryl allophanate, and that of the oily alcohol obtained on hydrolysis (max. 2980 A. ; 
min. 2600 a.) was almost identical with that of «-tocopherol itself. 

(B). A mixture of phytol (1 g.), y-cumoquinol (0-52 g.), anhydrous zinc chloride (0-5 g.), 
and decalin (10 c.c.) was heated to 200° for 30 minutes, then for a further 4 hours at 160—180° ; 
it was then cooled, diluted with light petroleum (b. p. 60—80°), filtered, and subjected to 
chromatographic analysis as above. The oil obtained (350 mg.) gave the same allophanate 
as that described above. 

m-X yloquinol.—m-Xylenol (7-8 g.) was dissolved in a solution of sodium hydroxide (12-5 g.) 
in water (375 c.c.), and powdered potassium persulphate (15 g.) added in small portions with 
shaking. The solution became slightly warm and developed a brown colour. After standing 
for ‘2 days at 37°, it was made slightly acid with hydrochloric acid, neutralised with sodium 
bicarbonate, and unchanged m-xylenol blown off with steam. The residue was made strongly 
acid, boiled for a few minutes, cooled, extracted thoroughly with ether, and the extracts dried 
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and evaporated. The solid residue, recrystallised from xylene, gave m-xyloquinol, m. p. 
150—151° (lit., m. p. 149°). 

Condensation of Phytol with m-Xyloquinol.—Phytol (1 g.), m-xyloquinol (0-46 g.), decalin 
(7-0 c.c.), and anhydrous zinc chloride (0-5 g.) were refluxed gently during 6 hours, a further 
amount (0-5 g.) of zinc chloride being added after 3 hours’ heating, and worked up in the manner 
employed in the ¥-cumoquinol condensation. The product was a yellowish oil (450 mg.), which 
reduced neutral silver nitrate on warming and gave a bright yellow colour with a mixture of 
concentrated sulphuric and glacial acetic acids. On pyrolysis at about 360°, it gave a crystalline 
distillate, m. p. 168—170°, identified as y-cumoquinol by m. p. and mixed m. p. Treatment 
with cyanic acid in benzene solution gave an allophanate, m. p. 148—149°, having an absorption 
spectrum (max. 2860 a.; min. 2520 a.) closely similar to that of the tocopheryl allophanates and 
giving on hydrolysis an oily alcohol spectroscopically (max. 2980 a.; min. 2620 a.) very similar 
to the tocopherols. The same allophanate, m. p. and mixed m. p. 148—149°, was obtained by 
substituting m-xyloquinol for ¥-cumoquinol in the process used by the Swiss workers (loc. cit.) 
(Found: C, 71-8; H, 10-1; N, 5-4. C,9H,,O,N, requires C, 71-7; H, 10-0; N, 5-6%). 


We have to thank Messrs. Hoffmann-La Roche & Co. and Messrs. Glaxo Laboratories Ltd. 
for their assistance, and the Medical Research Council for a grant to one of us (A. M. C.). 


THE LisTER INsTITUTE Lonpon, S.W. 1. [Received, July 1st, 1938.] 





259. Studies on Osazones: d- and 1|-Dianhydrohexosazone. 
By E. G. V. PERCIVAL. 


Evidence is presented that the dianhydrohexosazone obtained on deacetylating 
glucosazone and galactosazone tetra-acetates contains no free primary alcoholic 
residue, and the presence of the ketopyranose ring previously postulated is therefore 


supported. 
d-Gulosazone tetra-acetate is shown to yield the same dianhydrohexosazone, from 


which it is concluded that Walden inversion can take place either on C, or on C,, and 
that anhydride formation must have occurred at these points, otherwise the same 
product could not be obtained from the three stereochemically different arrangements. 

The corresponding /-dianhydrohexosazone has been prepared from /-sorbosazone 


tetra-acetate. 


THE formula for glucosazone advanced by Percival and Percival (J., 1935, 1398) involving 
a fructopyranose ring has recently received support by the observation of Diels, Cluss, 
Stephan, and K6nig (Ber., 1938, 71, 1189) that neither glucosazone nor dehydroglucosazone 
could be made to react with triphenylchloromethane, a fact which is taken as evidence of 
the absence of a free primary alcoholic residue. 

The present series of experiments on dianhydro-osazones derived from d-gulose and 
l-sorbose lends further support to this view, as well as to the structure advanced for the 
dianhydro-osazone isolated from both d-glucosazone and d-galactosazone by the 
deacetylation of their tetra-acetates (Percival, J., 1936, 1770). 

This dianhydrohexosazone was allowed to react with #-toluenesulphonyl chloride, 
and the crystalline p-toluenesulphonyl dianhydrohexosazone treated with sodium iodide in 
acetone at 100° for 25 hours. The original p-toluenesulphonate was recovered unchanged 
in almost quantitative yield, and even on prolonging the treatment for 100 hours no replace- 
ment of the #-toluenesulphonyl residue by iodine could be detected. This replacement 
reaction used under much less stringent conditions has been employed as a test for the 
presence of primary alcoholic residues by many workers (Oldham and Rutherford, J. 
Amer. Chem. Soc., 1932, 54, 366; Bell, J., 1934, 1177; Bell and Synge, J., 1937, 1711), 
and since there is no reason to apprehend anomalous behaviour in this case, the -CH,-OH 
residue must be regarded as absent. 

Conclusive evidence that the anhydride formation is concerned with the hydroxyl 
groups on C, and C, was secured by the observation that d-gulosephenylosazone tetra- 
acetate yielded on deacetylation the same dianhydrohexosazone as that isolated previously 
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from d-glucosazone and d-galactosazone, identity being proved by analysis and physical 
constants, as well as by mixed m. p. determinations of both the anhydride and its 
monoacetate. =, 

In the previous paper (/oc. cit.) it was pointed out that, since glucosazone and 
galactosazone gave rise to the same dianhydrohexosazone, a Walden inversion must have 
taken place on C, in one case. It is now clear that this inversion can take place on either 
C, or C, or on both in order to arrive at the most stable arrangement of the three rings. 
This can readily be seen by reference to the stereochemical formule for the three osazones, 
and it is apparent that, if anhydride formation were concerned with any other hydroxyl 
group or potential hydroxyl group, identical products would not be obtained from the three 
different sources. 


CH:N-NHPh CH:N-NHPh CH:N-NHPh CH=N 
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CH, | CH, CH, CH, 
d-Glucosazone. d-Galactosazone. d-Gulosazone. d-Dianhydrohexosazone. 


It seems probable that d-allosazone would give rise to the same d-hexosazone anhydride. 
From the evidence at present available it cannot be decided whether the anhydride is a 
derivative of d-fructo-, d-tagato-, d-sorbo-, or d-psico-pyranose. 

Tetra-acetyl \-sorbosazone on deacetylation yielded the l-enantiomorph of the d- 
hexosazone anhydride in harmony with the above observations. 


EXPERIMENTAL. 


d-Dianhydrohexosazone p-T oluenesulphonate.—d-Dianhydrohexosazone (2 g.), prepared from 
tetra-acetyl galactosazone as previously described (loc. cit.), was treated with p-toluenesulphonyl 
chloride (2 g.) in pyridine (5 c.c.) for 40 hours, and the mixture poured into water; after being 
washed, the product (2-5 g.) was recrystallised from ethyl alcohol, yielding pale yellow needles, 
m. p. 205—206°, [a]>" + 38° in acetone (c, 0-4) (Found: C, 62-9; H, 4-9; N, 11-6. C,,H,,0,N,S 
requires C, 63-0; H, 5-1; N, 11-8%). 

Treatment with sodium iodide. The above product (1 g.), together with sodium iodide (1-5 g.) 
and acetone (7-5 c.c.), was heated in a sealed tube at 100° for 25 hours. After cooling, the 
acetone was removed, the product washed with dilute sodium thiosulphate solution and water, 
and recrystallised from alcohol. 0-95 G. of the original substance, m. p. 205°, was obtained and 
no iodine could be detected in this product or in any of the residues obtained on evaporation of 
the mother-liquors. On repeating the experiment for 100 hours the yield of pure recovered 
material was less owing to charring but no iodine could be detected in any of the fractions. 

Preparation of d-Gulosazone.—d-Xylose (30 g.) was converted into d-gulonolactone (20 g.) 
by the method of Hudson, Hartley, and Purves (J. Amer. Chem. Soc., 1934, 56, 1248). The 
product had m. p. 186°, [«]>” — 56° in water (c, 0-8). This was converted into a crude gulose 
syrup (7 g.) by reduction with sodium amalgam after the method of Fischer and Stahel (Ber., 
1891, 24, 528) as modified by Isbell (Bur. Stand. J. Res., 1930, 5, 741). The gulose syrup so 
obtained showed [a]} — 17° in water (c, 0-4), and was treated with phenylhydrazine hydro- 
chloride (14 g.), crystalline sodium acetate (21 g.), and a trace of sodium bisulphite at 95—100° 
for 3 hours. After cooling and filtration from precipitated osazone, the mother-liquors were 
again heated for4hours. Yield 4 g., m. p. 160°, [a]>” + 12° in pyridine-alcohol (4: 6) (c, 0-5). 

Tetra-acetyl d-Gulosazone.—d-Gulosazone (3 g.) was treated for 16 hours at room temperature 
with acetic anhydride (6 c.c.) and pyridine (16 c.c.). The product was poured into water and 
washed, but could not be crystallised. Yield quantitative, m. p. 75—85°, [«]}*° + 70° in 
chloroform (c, 0-4) (Found: C, 59:5; H, 5-9; CH,-CO, 31:9; N, 10-8. C,,H3,0,N, requires 
C, 59-3; H, 5-9; CH,-CO, 32-7; N, 10-6%). 

Deacetylation. This was carried out on the above substance (6 g.) as previously described 
for tetra-acetyl glucosazone with sodium hydroxide in aqueous acetone (Percival, loc. cit.) 
to yield a product (1-1 g.) indistinguishable from the dianhydrohexosazone previously described. 
It showed m. p. 238°, unchanged on admixture with the original anhydride, [a]}*’ — 89° in 
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acetone (c, 0-3)-(Found: C, 67-0; H, 5-8; N, 17-6. Calc. for C,,H,,0,N,: C, 67-1; H, 5-6; 
N, 17-4%). 

Isolation of the monoacetyl derivative. Acetylation as before with acetic anhydride and 
pyridine yielded a product of m. p. 135° alone or mixed with a specimen prepared from the 
dianhydrohexosazone previously described, [«]}®” + 108° in chloroform (c, 0-3) (Found: C, 
65-7; H, 5-4; CH,-CO, 11-8; N, 15-7. Calc. for Cy>H,O,N,: C, 65-9; H, 5-5; CH,-CO, 
11-8; N, 15-4%). 

Tetra-acetyl 1-Sorbosazone.—l-Sorbosazone, m. p. 160—164°, [a] }*°— 13° in pyridine—alcohol 
(4: 6) (c, 0-7) was acetylated as described for d-gulosazone. The yellow amorphous powder 
isolated had m. p. 75—85°, [«]}” — 70° in chloroform (c, 0-3), yield quantitative (Found : C, 59-1; 
H, 6-2; CH,-CO, 32-0; N, 10-9. C,H ,90,N, requires C, 59-3; H, 5-9; CH,-CO, 32-7; N, 10-6%). 

Isolation of 1-Dianhydrohexosazone.—Deacetylation of the above product (2-5 g.) gave a 
compound (0-4 g.) identical in appearance with that obtained from osazones of the d-series, m. p. 
237°, mixed m. p. with d-dianhydrohexosazone 200°, [a]}®’ + 89° in acetone (c, 0-5) (Found: 
C, 67-3; H, 5-7; N, 17-6. C,sH,,0,N, requires C, 67-1; H, 5-6; N, 17-4%). 

1-Dianhydrohexosazone Monoacetate.—Prepared in the usual way, this compound had m. p. 
135°, mixed m. p. with d-dianhydrohexosazone monoacetate,” 105—108°, [«]}7° — 107° in 
chloroform (c, 0-5) (Found: C, 65-9; H, 5-8; CH,-CQ, 11-9; N, 15-5. C,9H,,O,N, requires C, 
65-9; H, 5:5; CH,-CO, 11-8; N, 15-4%). 
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260. Union of Aryl Nuclei. Part IV. Phenylphthalic Acids and 
Some Derivatives. 
By E. C, BUTTERWORTH, I. M. HEILBRON, D. H. HEy, and R. WILKINson. 


3-Phenylphthalic acid’and its 4-isomeride are obtained on hydrolysis of the product 
from the action of diazotised methyl 3- and 4-aminophthalate respectively on benzene 
in the presence of aqueous sodium hydroxide. The latter acid is also obtained from a 
similar reaction between diazotised aniline and ethyl phthalate, as well as by the 
interaction of nitrosoacetanilide and ethyl phthalate. Mixtures of 4-(methoxypheny])- 
phthalic acids and of 4-(chlorophenyl)phthalic acids are similarly obtained by using 
the diazotised 4-aminophthalic ester with anisole and chlorobenzene respectively. 
3-Phenylphthalic acid gives fluorenone-l-carboxylic acid on treatment with sulphuric 
acid. Methyl 4-phenylphthalate, 4-phenylphthalic anhydride, and 4-phenylphthal- 
imide are prepared from 4-phenylphthalic acid. Condensation of 4-phenylphthalic 
anhydride with benzene in the presence of aluminium chloride gives a mixture of 4- 
and 5-phenylbenzophenone-2-carboxylic acids, which on ring closure yields 2-phenyl- 
anthraquinone. 4-(p-Nitrophenyl)phthalic acid and its anhydride are obtained from the 
product of the nitration of 4-phenylphthalic anhydride. 


In Part II (this vol., p. 113) a series of substituted diphenyl-2-carboxylic acids was 
prepared by means of the interaction of a diazotised substituted anthranilic ester with 
benzene in the presence of aqueous alkali, and the acids so obtained were converted by 
ring-closure into substituted fluorenones. The same reaction has now been applied to the 
preparation of the two phenylphthalic acids (diphenyl-2 : 3- and -3 : 4-dicarboxylic acid) 
by using diazotised aminophthalic esters in place of the anthranilic esters in the reaction 
with benzene. 

4-Phenylphthalic acid (diphenyl-3 : 4-dicarboxylic acid) and its anhydride were first 
prepared by v. Auwers and Jiilicher (Ber., 1922, 55, 2184), who obtained it by the action of 
sulphuric acid on 4-phenyl-1-trichloromethyl-1-methylcyclohexa-2 : 5-dien-4-ol; this 
gave 3-methyldiphenyl-4-carboxylic acid, which was then oxidised with potassium 
permanganate. More recently the acid has been obtained by Ghigi (Ber., 1938, 71, 684) 
by the oxidation of 3:4-dimethyldiphenyl. 3-Phenylphthalic acid (diphenyl-2 : 3- 
dicarboxylic acid) has not been previously reported. 
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The preparation of the two phenylphthalic acids now described involves the union of 
two aromatic nuclei with the elimination of an amino-group from one of them. As in 
previous work (cf. Part II), it is again found that better results are obtained when the 
amino-group is attached to the more heavily substituted nucleus. This method of 
procedure is also advantageous in that the positions of the substituents, originally in the 
amine component, are fixed with reference to the internuclear bond in the reaction product. 

The reaction between diazotised methyl 4-aminophthalate and benzene gave methyl 
4-phenylphthalate in 37% yield (calculated on the weight of base), which afforded the 
acid on hydrolysis. Similar reactions were carried out but using (a) anisole and (d) chloro- 
benzene in place of benzene. These resulted in the formation of mixtures of 4-(methoxy- 
phenyl)phthalic esters and 4-(chlorophenyl)phthalic esters in 32 and 45% yield 
respectively, which were hydrolysed to the corresponding acids. It was not found possible 
to separate completely the pure constituents from these mixtures; by analogy with similar 
reactions carried out previously (Grieve and Hey, J., 1934, 1797; Part II, Joc. cit.), it is 
anticipated that they consist mainly of the 2’- and 4’-substituted diphenyl-3 : 4-dicarboxylic 
acids. The inverse reaction between diazotised aniline and ethyl phthalate gave mainly 
the 4-phenylphthalic ester, with indications of the presence of some of the 3-isomeride. 
A similar result was obtained in the cognate reaction between nitrosoacetanilide and 
ethyl phthalate. Methyl 4-phenylphthalate, 4-phenylphthalic anhydride, and 4-phenyl- 
phthalimide were prepared by standard methods from 4-phenylphthalic acid. 

In similar manner the reaction between the diazotised dimethyl ester of 3-aminophthalic 
acid and benzene gave methyl 3-phenyl phthalate (I) in 35% yield, which yielded the acid (II) 
on hydrolysis. The latter was converted by ring-closure with sulphuric acid into 
fluorenone-l-carboxylic acid (III). It cannot, however, be regenerated from that compound 
since the opening of the fluorenone ring by fusion with alkali gives diphenyl-2 : 3’- 
dicarboxylic acid (IV) (Fittig and Gebhard, Annalen, 1878, 198, 155; Fittig and Liepmann, 
ibid., 1880, 200, 9). 


Ce: Me CO,Me : O,H 
Ores sane Co 
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Condensation of Pair ee anhydride with benzene in the presence of aluminium 
chloride yielded a mixture of 4- and 5-phenylbenzophenone-2-carboxylic acids (V and VI), 
which when heated with zinc chloride gave 2-phenylanthraquinone (VII), obviously 
identical with that prepared by Scholl and Neovius (Ber., 1911, 44, 1079) by the action of 
phthalic anhydride on diphenyl in the presence of aluminium chloride and ring-closure of 
the resulting 4-phenylbenzophenone-2’-carboxylic acid by means of zinc chloride (cf. 
Groggins, Ind. Eng. Chem., 1930, 22, 626). 
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Nitration of 4-phenylphthalic anhydride gave a product from which 4-p-nitrophenyl- 
phthalic acid and its anhydride were obtained. The position of the nitro-group in these 
products was proved by the fact that oxidation of the acid with chromic anhydride gave 
p-nitrobenzoic acid (cf. Fittig and Bieber, Annalen, 1870, 156, 242). 
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EXPERIMENTAL. 


Methyl 4-Aminophthalate—4-Nitrophthalic anhydride (150 g.) was boiled under reflux with 
300 c.c. of methyl-alcoholic hydrogen chloride for 12 hours. After standing overnight, the 
alcohol was removed by distillation, and the residue extracted with dilute aqueous sodium 
carbonate, filtered off, and washed with water. The crude methyl 4-nitrophthalate (158 g., 
m. p. 66—67°) was reduced to methyl 4-aminophthalate (117 g., m. p. 81°) by means of zinc 
and alcoholic hydrochloric acid, as described by Bogert and Renshaw (J. Amer. Chem. Soc., 
1906, 28, 618). 

Methyl 3-Aminophthalate——An aqueous solution of silver nitrate (170 g.) was added to an 
aqueous solution of sodium 3-nitrophthalate prepared by neutralisation of the free acid (105 g.). 
The precipitated silver 3-nitrophthalate was filtered off, washed, dried in the steam-oven, and 
then boiled under reflux with a mixture of methyl iodide (280 g.) and benzene (200 c.c.) for 3—4 
hours. The silver iodide was filtered off, and the excess methyl iodide and benzene removed by 
distillation (cf. Wegscheider and Lipschitz, Monatsh., 1900, 21, 791). The residual methyl 
3-nitrophthalate (95 g., m. p. 67—68°) was reduced with zinc and alcoholic hydrochloric acid as 
described by Bogert and Renshaw (loc. cit.) for the reduction of the 4-nitro-ester, and the amino- 
ester was finally extracted with ether from the neutralised reaction mixture. Evaporation 
of the ether from the dried extract left methyl 3-aminophthalate as a brown oil (75 g.). Its 
hydrochloride melted at 171° (cf. Bogert and Jouard, J. Amer. Chem. Soc., 1909, 31, 487). 

Action of Diazotised Methyl 4-Aminophthalate on Benzene in Presence of Alkali—A mixture 
of methyl 4-aminophthalate (35 g.), concentrated hydrochloric acid (d 1-16, 67 c.c.), and water 
(15 c.c.) was diazotised in the normal manner by addition of aqueous sodium nitrite (12-5 g. in 
50 c.c.). An aqueous solution of sodium hydroxide (25 g. in 100 c.c.) was added slowly over a 
period of 2 hours to a stirred mixture of the diazonium solution (filtered from a small residue 
of insoluble matter) and benzene (200 c.c.) at 5—10°. Stirring was continued overnight and the 
temperature was allowed to rise to about 20°. The benzene layer was separated, washed with 
water, dried, and distilled. The dark oily residue distilled at 140—160°/10-* mm., yielding a 
pale yellow oil which solidified (16-5 g., m. p. 55—60°). The crude ester was hydrolysed by 
boiling with 20% aqueous sodium hydroxide for 3 hours. After dilution and filtration, addition 
of acid precipitated 4-phenylphthalic acid, which crystallised from hot water or very dilute 
alcohol in needles, m. p. 194° (Found: C, 69-45; H, 4-4. Calc. for C,,H,,O,: C, 69-4; H, 
4-1%). A portion of the acid was boiled under reflux for 2 hours with methyl-alcoholic hydrogen 
chloride. After removal of excess alcohol, the residue was poured into water, extracted with 
ether, and the extract washed with aqueous sodium carbonate and dried. Evaporation of the 
solvent left a residue, which, on sublimation in high vacuum and subseqient crystallisation 
from dilute alcohol or light petroleum (b. p. 40—60°), gave methyl 4-phenylphthalate in white 
needles, m. p. 62—63° (Found: C, 71-0; H, 5-4. C,,H,,O, requires C, 71-1; H, 5-2%). 

4-Phenylphthalic Anhydride.—4-Phenylphthalic acid (5 g.) was boiled under reflux for 2 
hours with acetic anhydride (10 c.c.). The anhydride of 4-phenylphthalic acid, which separated 
on cooling, was filtered off, and a further quantity was obtained on pouring the filtrate into 
ice-cold water. After purification by sublimation, 4-phenylphthalic anhydride was obtained 
in white needles, m. p. 138—139° (Found: C, 75-0; H, 3-7. Calc. for C,,H,O,: C, 75-0; 
H, 3-6%). 

4-Phenylphthalimide.—A mixture of 4-phenylphthalic anhydride (10-2 g.) and urea (1-6 g.) 
was heated to 130° on a sand-bath. The fused mass frothed and the temperature rose to 170°. 
After frothing had ceased the residual mass was purified by sublimation. 4-Phenylphthalimide 
was obtained in white needles, m. p. 200° (Found: C, 75-4; H, 4:1. C,,H,O,N requires 
C, 753; H, 4-0%). 

Action of Diazotised Aniline on Ethyl Phthalate in Presence of Alkali.—A solution of aniline 
(50 g.) in a mixture of concentrated hydrochloric acid (d 1-16, 125 c.c.) and water (40 c.c.) was 
diazotised in the, normal manner with aqueous sodium nitrite (40 g. in 100 c.c.). To a cold 
stirred mixture of the diazonium solution and ethyl phthalate (400 c.c.), a solution of sodium 
hydroxide (40 g.) in water (150 c.c.) was gradually added, and stirring was continued for 12 hours. 
After addition of sodium sulphate, the two layers were separated. The dried ethyl phthalate 
layer was distilled at 160—180°/10—12 mm., and, after removal of excess ethyl phthalate, the 
crude ethyl phenylphthalate (20 g.) was collected at 130—160°/10 mm. Hydrolysis of the 
crude ester gave 4-phenylphthalic acid, m. p. 194° after repeated crystallisation from dilute 
alcohol. The crude product was less pure than that obtained as above, and was probably 
contaminated with a small quantity of the 3-pheny]l isomeride. 

Action of Nitrosoacetanilide on Ethyl Phthalate.—A solution of nitrosoacetanilide (22 g.) in 
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ethyl phthalate (400 c.c.) was stirred at room temperature for 24 hours. The solution darkened 
and nitrogen was evolved. The excess ethyl phthalate was removed by distillation mainly at 
160—170°/12 mm., but distillation was continued up to 220°/12 mm. The dark residue on 
distillation at 160°/10-* mm. gave a deep-coloured oil (11 g.), which was hydrolysed by boiling 
under reflux with 20% aqueous sodium hydroxide. Acidification precipitated the crude 
phenylphthalic acid, which, after purification by repeated crystallisation from hot water (with 
charcoal) or very dilute alcohol, melted at 189—191°, both alone and admixed with an authentic 
specimen prepared as described above from methyl 4-aminophthalate and benzene. 

Action of Diazotised Methyl 4-A minophthalate on Anisole in Presence of Alkali.—This reaction 
was carried out with the ester (35 g.) and anisole (250 c.c.) as described above for the corre- 
sponding reaction with benzene. A mixture of 4-(2’- and 4’-methoxyphenyl)phthalic esters 
(16 g.) was obtained, which gave on hydrolysis a mixture of the corresponding two acids, m. p. 
145—155° (Found: C, 66-4; H, 4-5. Calc. for C,;H,,0,: C, 66-2; H, 4:4%). 

Action of Diazotised Methyl 4-Aminophthalate on Chlorobenzene in Presence of Alkali.—A 
similar reaction carried out between the ester (35 g.) and chlorobenzene (200 c.c.) gave a mixture 
of 4-(2’- and 4’-chlorophenyl)phthalic esters (22 g.), which on hydrolysis gave a mixture of the 
two acids, m. p. 140—150° (Found : C, 60-7; H, 3-4. Calc. for C,;,H,O,Cl: C, 60-8; H, 3-25%). 

Action of Diazotised Methyl 3-A minophthalate on Benzene in Presence of Alkali.—This reaction 
was carried out exactly as described above for the 4-amino-ester, 70 g. of the ester being used ; 
the crude methyl 3-phenylphthalate (31-5 g.) was in part purified by crystallisation from light 
petroleum (b. p. 40—60°) and in part hydrolysed to the free acid. Methyl 3-phenylphthalate 
separated in white needles, m. p. 94° (Found: C, 71-3; H, 4-95. C,,H,,O, requires C, 71-1; 
H, 5-2%), and the acid separated from very dilute alcohol in fine needles, m. p. 181° (Found : 
C, 69-3; H, 4-4. C,,H,,O, requires C, 69-4; H, 4-1%). When this was heated in concentrated 
sulphuric acid solution at 40—50° for 10 minutes ring closure was effected, and when the mixture 
was poured into water, fluorenone-l-carboxylic acid separated, which crystallised from dilute 
alcohol in orange-red needles, m. p. 192° (cf. Fittig and Liepmann, Joc. cit., p. 18). 

2-Phenylanthraquinone.—Powdered aluminium chloride (6-7 g.) was added to a solution of 
4-phenylphthalic anhydride (5 g.) in dry benzene (13 c.c.) cooled in ice-water. When evolution 
of hydrogen chloride had slackened, the temperature was gradually raised to 80°, and the 
reaction flask, fitted with a reflux condenser, was maintained at this temperature for 2} hours 
with constant stirring. The cold mixture was added to crushed ice, made strongly acid by 
addition of concentrated hydrochloric acid, and the excess benzene was removed with steam. 
The insoluble residue was filtered off, washed with water, and extracted with hot aqueous sodium 
carbonate. After filtration, addition of mineral acid precipitated a mixture of 4- and 5- 
phenylbenzophenone-2-carboxylic acids (5-5 g.), which after crystallisation from alcohol melted 
over the range 177—207° (Found: C, 79-3; H, 4:2. Calc. for C,5H,,0,: C, 79-4; H, 4:6%). 
Powdered anhydrous zinc chloride (1-0 g.) was added to the mixed acids (1-0 g.) heated in a 
nickel crucible at 230°, and heating was continued at this temperature for 2 hours. The cold 
mass was extracted first with boiling water, and then with hot alcohol. Concentration of the 
alcoholic extract deposited 2-phenylanthraquinone in yellow needles, m. p. 140—150°, which, 
after sublimation and recrystallisation, melted at 157° (Found: C, 84-7; H, 4-6. Calc. for 
CyoH,,0,: C, 84:5; H, 4-2%) (cf. Scholl and Neovius, Joc. cit.; Groggins, loc. cit.). 

Nitration of 4-Phenylphthalic Anhydride.—A mixture of fuming nitric acid (d 1-5, 20 c.c.) and 
glacial acetic acid (20 c.c.) was added to a solution of 4-phenylphthalic anhydride (2 g.) in glacial 
acetic acid (20 c.c.). After being heated for } hour on the steam-bath, the solution was poured 
into water. The precipitated solid was boiled with water, cooled, filtered off, and crystallised 
from dilute alcohol. 4-(p-Nitrophenyl)phthalic acid separated in microcrystalline form, m. p. 
178—179° (Found: C, 59-1; H, 3-5. C,,H,O,N requires C, 58-9; H, 3-2%). A portion of the 
free acid was converted by sublimation into the anhydride; needles, m. p. 136—137° (Found : 
C, 62-4; H, 2-7. C,,H,O,;N requires C, 62-45; H, 2-6%). A second portion of the free acid 
was dissolved in glacial acetic acid and oxidised by gradual addition of chromic anhydride to the 
boiling solution. The reaction mixture was poured into water, from which ether extracted 

p-nitrobenzoic acid, identified by m. p. and mixed m. p. In the nitration of 4-phenylphthalic 
anhydride indications were obtained of the formation of isomeric nitro-compounds which were 
more soluble than the -nitro-derivative, but these could not be obtained pure. 
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261. Experiments on the Synthesis of Substances Related to the Sterols. 
Part XXI. A New Synthesis of Derivatives of Ketocyclopenteno- 


phenanthrene. 
By RoBERT ROBINSON. 


2-Acetylnaphthalene, or a derivative unsubstituted in position 1, is condensed with 
furfuraldehyde and the resulting unsaturated ketone is then hydrolysed by aqueous- 
alcoholic hydrogen chloride with formation of w-(8-naphthyl)diketoheptoic acid or a 
derivative thereof. This stage is analogous to the preparation of 7-phenyl-4: 7- 
diketoheptoic acid (phenacyl-levulic acid) by Kehrer and Igler (1899). Ring-closure 
of 1: 4-diketones of the form R-CO-CH,-CH,-CO-CH,-R’ to cyclopentenones has not 
previously been effected but these aryldiketoheptoic acids undergo intramolecular 
condensation with great facility in 2% aqueous potassium hydroxide. The naphthyl- 
cyclopentenoneacetic acids that are so produced afford the acetyl derivatives of 
hydroxycyclopentenonophenanthrenes when they are heated with acetic anhydride. 
In this synthesis the carbon skeleton is provided by the acetylnaphthalene and 
furfuraldehyde which are the starting points; the products are of interest as potential 
intermediates for the synthesis of equilenin and of substances related to other sex- 
hormones. The investigation is being developed in several directions, among which is 
a study of the products formed by catalytic hydrogenation. 

The first and the last stage are represented schematically below so as to show 
how the carbon atoms of furfuraldehyde are eventually arranged. 


O CO 
Nee eo . a y 
/\ 60-68: i Nx Ac0f*Y/ SCH, 
5 6 Yy/i aCH, 
CONSTRUCTION of the cyclopentenophenanthrene nucleus has hitherto been achieved by 


the final ring-closure indicated by the dotted lines in (I), but it is hard to devise a 
modification of known procedure which will be applicable to the synthesis of substances 


CH, CO 
con ch, CH, 


CO——-CH, (I1.) 


suitably substituted in the asterisked position. At the outset it appeared that a diketo- 
acid (II) might be induced to undergo a double condensation in the directions indicated by 
the conformation of the chain. 

The preparation of 7-phenyl-4 : 7-diketoheptoic acid by Kehrer and Igler (Ber., 1899, 
32, 1178; 1901, 34, 1263) in a simple fashion indicated that the starting points would 
probably be readily accessible and this consideration made an investigation of the subject 
all the more desirable. Phenyldiketoheptoic. acid is obtained by the hydrolysis of 
furfurylideneacetophenone (yield, about 50%) by means of a boiling mixture of alcohol 
and concentrated hydrochloric acid, the process involving hydrolytic fission of the furan 
ring and an oxidation-reduction : 


0 
Ph:CO-CH:CH—(” \CH —> Ph-CO-CH:CH-CO-CH,'CH,-CHO 
CH—CH 


(I.) 





Ph:CO-CH,*CH,*CO-CH,*CH,*CO,H 


This interesting reaction has been realised in one or two further cases; it appears from the 
sequel to be general when the starting point is an aryl methyl ketone but it gives poor 











anc 
sul] 
in t 
ine 
(VI 
con 
amc 
ferr 
pres 


orar 
beca 
isola 
oxid 





ae 


ces 


eto- 


99, 
uld 
ect 


hol 
ran 


the 
oor 








[1938] Substances Related to the Sterols. Part XX1. 1391 


results with furfurylideneacetone (Kehrer and Igler, Joc. cit.) and, as Mr. A. Koebner has 
found in this laboratory, it does not work at all with difurfurylidenecyclohexanone. The 
diketo-acids have not previously been employed for synthetic purposes other than the 
synthesis of related pyrrole derivatives. Some preliminary experiments were made with 
the series from furfurylideneacetoveratrone, and as these gave favourable indications the 
properties of phenyldiketoheptoic acid were studied in more detail. Efforts to effect the 
two condensations in one operation, for example, with phosphoryl chloride, were fruitless 
and it was then noted that acid condensing agents led to the formation of phenylfuran- 
propionic acid, a substance which is being employed for another purpose and a description 
of which is reserved. 

It became clear that the desired condensations must be made step-wise and that basic 
catalysts must be employed in the first instance. Powerful agents such as sodium ethoxide 
in alcoholic solution led to the formation of dark brown substances, but the desired 
phenylceyclopentenoneacetic acid was isolated in small yield from the mixture. Probably 
the condensation occurs in a few minutes and is followed by other reactions; the products 
were only examined after some hours. The yield was somewhat better when cold methyl- 
alcoholic potassium hydroxide was employed, and eventually it was discovered that a 
smooth and almost complete condensation occurs in dilute aqueous potassium hydroxide 
solution. The reaction goes slowly in the cold and requires about 3 hour at the boiling 
point. 


co 
en CH, CH 
(III.) CO,H-CH,C CH, . (IV.) 
Ph-C—CH, H CH, 
Ph-CH—CH, 


On reduction with sodium and alcohol 3-phenyl-A*-cyclopenten-1-one-2-acetic acid (III) 
affords the sodium salts of a mixture of hydroxy-acids. One (or perhaps two) of these 
lactonise with formation of (IV), a substance possessing a characteristic odour; the other 
isomerides were encountered as a viscous oil that could not be crystallised. The Fittig 
a-naphthol synthesis was realised in the case of the acid (III) when it was gently heated 
with concentrated sulphuric acid. The substance so obtained is regarded as 4-hydroxy- 
3’-keto-1 : 2-cyclopentenonaphthalene (V). It has the properties of a phenolic ketone and it 
couples with #-nitrobenzenediazonium acetate to a scarlet azo-compound. 

OH co 
R H, 
(V.) H, (VI.) 
co 
H,-CH, 

Furfurylidene-2-acetylnaphthalene is a source of 7-8-naphthyl-4 : 7-diketoheptoic acid (II) 
and 3-$-naphthyl-A*-cyclopenten-1-one-2-acetic acid, but the latter substance is largely 
sulphonated as well as dehydrated by the action of sulphuric acid. The final ring-closure 
in this instance is effected by means of boiling acetic anhydride, and the product, obtained 
in excellent yield, is the acetyl derivative of 4-hydroxy-3’-keto-1 : 2-cyclopentenophenanthrene 
(VI, R= Ac). The phenolic ketone (VI, R=H) obtained on hydrolysis has been 
converted into a methyl ether (VI, R = Me), and a number of derivatives have been prepared 
among which may be mentioned the dimethoxyphenanthracyclopentadienochromylium 
ferrichloride (VII) obtained by condensation of the methyl ether with o-vanillin in the 
presence of hydrogen chloride and subsequent treatment with ferric chloride. 

The oxidation of (VI, R = Ac) with chromic acid in-aqueous acetic acid solution gave 
orange substances that were undoubtedly phenanthraquinone derivatives (see p. 1395) 
because of their characteristic properties and transformations, but the products were 
mixtures which were hard to resolve. A small quantity of an acid, probably (VIII), was 
isolated and analysed. Although the yields of phenanthraquinone derivatives in these 
oxidation experiments were very unfavourable, the explanation is obviously that further 
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oxidation of the products could not be avoided, and, as the material oxidised was 


homogeneous, the formation of some phenanthraquinone derivative is significant and may 
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be regarded as decisive proof of constitution. It is possible that the second ring-closure 
gives by-products derived from anthracene, and a search for such substances in the mother- 
liquors from the crystallisations is being made. 

The important discovery of R. D. Haworth and Sheldrick (J., 1934, 865), that 
2-methoxynaphthalene can be acylated in the 6-position by means of Friedel-Crafts 
reactions carried out in nitrobenzene solution, makes 6-methoxy-2-acetylnaphthalene (IX) 
a readily accessible substance. The furfurylidene derivative of this ketone underwent the 
usual hydrolysis to a diketo-acid (with partial demethylation, see p. 1396) which afforded 
3-(6’-methoxy-B-naphthyl)-A?-cyclopenten-1-one-2-acetic acid (X) when its dilute solution 
in 2% aqueous potassium hydroxide was heated on the steam-bath. 

Ring-closure with boiling acetic anhydride proceeded smoothly with formation of 
(XI; R= Ac, R’ = Me), and a number of derivatives of this substance have been 
characterised. 


we co co 
JN Y ¥ R H 
2 
CO,H C Cu, 
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(IX.) (XI.) 
EXPERIMENTAL. 


Furfurylideneacetoveratrone.—Aqueous sodium hydroxide (10 c.c. of 5N) was added to a 
solution of acetoveratrone (21 g.) and furfuraldehyde (15 g.) in warm alcohol (65 c.c.). 
Separation of a thick paste of crystals occurred in a few minutes. After 1 hour the product 
was collected, washed, and dried (25 g.), and a further quantity (4-5 g.) was recovered from the 
mother-liquor. The substance crystallised from methyl alcohol in pale yellow, glistening needles, 
m. p. 81°, soluble in concentrated hydrochloric acid to an orange-red solution (Found: C, 
69-7; H, 5-5. C,;H,,O, requires C, 69-8; H, 5-4%). Hydrolysis by means of aqueous-alcoholic 
hydrochloric acid under conditions generally similar to those described below for furfurylidene- 
2-acetylnaphthalene gave a rather poor yield of 7-veratryl-4 : 7-diketoheptoic acid. The exact 
details need not be specified because the process adopted can certainly be improved without 
difficulty. The new acid crystallised from ethyl acetate as colourless prismatic needles, m. p. 
126° (Found, in material dried at 100° in a high vacuum: C, 61-0; H, 6-1. C,;H,,O, requires 
C, 61-2; H, 6-2%). Atan early stage in this investigation this acid was subjected to the action 
(or successive action) of various condensing agents, and in several cases clear evidence of the 
. formation of a naphthol derivative was obtained. 

3-Phenyl-A*-cyclopenten-l-one-2-acetic Acid (III).—Furfurylideneacetophenone (Kostanecki 
and Podrajansky, Ber., 1896, 29, 2248; Semmler, Ber., 1906, 39, 729; Semmler and Ascher, 
Ber., 1909, 42, 2356) is described in the literature as an oil; a distilled specimen crystallised, 
and the substance can be easily recrystallised from light petroleum (b. p. 40—60°) as pale yellow 
needles, m. p. 47° (Found: C, 78-9; H, 5-2. Calc. for C};H,,O,: C, 78-8; H, 5-1%). 

The hydrolysis to 7-phenyl-4 : 7-diketoheptoic acid was carried out by the method of Kehrer 
and Igler (Joc. cit.) and the yield was 55—60%. A solution of this acid (20 g.) in water (2000 
c.c.) and potassium hydroxide (40 g.) was boiled for an hour, then cooled, mixed with salt (100 
g.), acidified with hydrochloric acid, and seeded with a specimen of the phenylcyclopentenone- 
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acetic acid that had been obtained from an earlier experiment in which methyl-alcoholic 
potassium hydroxide had been employed. The soft, nearly colourless needles were collected 
and dried (18 g.). This product crystallised from benzene and from chloroform-light petroleum 
(b. p. 80—100°) as very pale yellow needles and prisms, m. p. 141° (Found, in material dried 
at 80° in a high vacuum: C, 72-3; H, 5-5. (C,3H,,O, requires C, 72-2; H, 55%). The acid 
crystallises from benzene in a solvated condition; it is readily soluble in chloroform and 
acetone and moderately readily soluble in hot water, from which it separates in woolly 
needles. Its solution in aqueous sodium bicarbonate reduces permanganate quickly, but not 
instantly, the only products of the oxidation that could be recognised being benzoic and oxalic 
acids. 

The 2: 4-dinitrophenylhydrazone crystallised from acetic acid-ethyl acetate in deep red, 
rhombic and hexagonal prisms and prismatic needles, m. p. 273° (decomp.), soluble in aqueous 
sodium carbonate to an intensely orange-yellow solution (Found: C, 57-5; H, 4:2; N, 14-0. 
CigH,gO,N, requires C, 57-6; H, 4:0; N, 141%). 

Lactone of 3-Phenylcyclopentan-1-ol-2-acetic Acid (IV).—Phenylcyclopentenoneacetic acid 
(15 g.) was reduced in alcoholic solution (400 c.c.) by means of sodium (40 g.); a little water 
was added to complete the solution of the metal. The solution was acidified with hydrochloric 
acid, rendered faintly alkaline again, filtered, and the alcohol removed by distillation finally 
under diminished pressure. Excess of hydrochloric acid was then added, and the mixture 
heated in the steam-bath for an hour. The product was isolated by means of ether and 
separated into a neutral and an acidic fraction. The former was a colourless oil, b. p. 
153°/0-15 mm. (Found : C, 77-3; H, 6-9. C,,;H,,O, requires C, 77-2; H, 6-9%). This substance 
exhibits the behaviour of a lactone; it possesses a highly characteristic odour. The hydroxy- 
acids constituting the acidic fraction could not be crystallised. A specimen repeatedly separated 
from acetic acid solution by the addition of water was dried for a long period in a vacuum over 
potassium hydroxide and then at 100° (Found: C, 70-6; H, 7:5. C,,;H,,O; requires C, 70-9; 
H, 7-3%). 

4-Hydvoxy-3'-keto-1 : 2-cyclopentenonaphthalene.—A mixture of phenylcyclopentenoneacetic 
acid (1-1 g.) and concentrated sulphuric acid (10 c.c.) was heated for 10 minutes in boiling water, 
then mixed with water (5 c.c.) without cooling and heated for 3 minutes longer. This procedure 
seemed necessary in order to hydrolyse a sulphonic acid. The precipitate obtained on pouring 
into water was collected, washed with aqueous sodium carbonate and water, and then dried 
(0-55 g.). The material was crystallised from alcohol (90 c.c.) and then from acetic acid and 
again from alcohol, being obtained as faintly yellow, well-shaped, flat, rectangular needles, 
m. p. 290—295° (decomp.) with previous darkening (Found, in material dried at 100°: C, 
78-6; H, 5-1. C,3;H,,O, requires C, 78-8; H, 5-1%). The substance is sparingly soluble in 
most organic solvents but is readily soluble in pyridine; its yellow solution in sulphuric acid 
exhibits an intense bluish-green fluorescence. It dissolves in aqueous sodium hydroxide to a 
yellow solution, but is insoluble in aqueous sodium carbonate; it exhibits no ferric reaction in 
alcoholic solution. On heating with chloroform and alcoholic potassium hydroxide, a dull 
brownish olive-green coloration is developed. As an a-naphthol derivative, it couples readily 
with diazonium salts to red azo-compounds. The p-nitrobenzeneazo-derivative separates from 
aqueous acetic acid as a deep red crystalline crust exhibiting a bronze lustre, m. p. 245° (decomp.). 
The azo-compound dissolves in sulphuric acid to a crimson solution; it is insoluble in aqueous 
alkalis but gives a blue-violet solution in alcoholic potassium hydroxide. The 2: 4-diniiro- 
phenylhydvazone separates in very long, slender, scarlet needles when hot acetic acid solutions 
of the ketone and of dinitrophenylhydrazine are mixed. This derivative darkens when heated 
above 200° and decomposes at 305° to a black tar without melting to a clear liquid (Found : 
C, 60-0; H, 3-9. C,.H,,O,;N, requires C, 60-3; H, 3-7%). 

When phenyleyclopentenoneacetic acid (1 g.) was heated with sulphuric acid (5 c.c.) for a 
short time at 140° until the colour of the. solution was a deep brownish-yellow, the addition 
of water gave a mauve precipitate insoluble in aqueous sodium carbonate. The substance 
crystallised from acetic acid in well-shaped, brownish-orange, thick hexagonal plates, which 
were canary-yellow by transmitted light, m. p. 290° with previous darkening. The m. p. was 
depressed on admixture with hydroxyketocyclopentenonaphthalene. The solution in sulphuric 
acid is salmon-red in colour, and has a dull green fluorescence. The substance is undoubtedly 
quite different from that obtained at 100°, but the analyses could not be interpreted (Found, in 
material dried at 100° in a high vacuum: C, 77-7, 77-8; H, 5-1, 51%). The substance 
dissolves in aqueous sodium hydroxide to an orange-yellow solution, and couples with diazo- 
salts with formation of crimson azo-compounds. It is perhaps formed by condensation of two, 
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molecules of the hydroxy-ketone through the indanone group, but then it must retain rather 
more than $H,O very tenaciously. 

Furfurylidene-2-acetylnaphthalene.—A cold solution of sodium ethoxide (5 g. of sodium) in 
alcohol (200 c.c.) was added to a mixture of 2-acetylnaphthalene (100 g.), furfuraldehyde (65 
c.c.) and alcohol (100 c.c.). The liquid became warm and crystallisation began in a few seconds. 
After 14 hours the product was collected, washed with alcohol and aqueous alcohol, and dried 
(140 g.). The unsaturated ketone crystallises from alcohol in the form of stout yellow prisms 
and prismatic needles, m. p. 91° (Found: C, 82-4; H, 5-0. C,,H,,O, requires C, 82-2; 
H, 4-8%), soluble in sulphuric acid to an orange-red solution. 

7-8-Naphthyl-4 : 7-diketoheptoic Acid (II).—A mixture of furfurylidene-2-acetylnaphthalene 
(20 g.), alcohol (200 c.c.), and hydrochloric acid (50 c.c., d 1-16) was refluxed for 18 hours, and 
the alcohol then removed by distillation, finally under diminished pressure. Concentrated 
hydrochloric acid (100 c.c.), acetic acid (100 c.c.), and water (200 c.c.) were added to the residue, 
and the whole gently refluxed (oil-bath) for 2 hours. The pale yellow aqueous solution was then 
separated as quickly as possible from the oil (hot water funnel or preferably decantation using 
several vessels), and on cooling, the diketo-acid crystallised (dried, 2:7 g.). The mother-liquor 
was used to extract the oil again ‘by boiling for 1 or 2 hours, and the process repeated until very 
little of the acid separated. The successive crops after the first weighed 3-3, 4-5, 1-9, 0-7, and 
0-2 g. (total, 14-3 g.). The increasing yield in the first three extractions suggests that a process 
of hydrolysis of ethyl ester or a furan derivative (e.g., naphthylfuranpropionic acid) occurred. 
7-8-Naphthyl-4 : 7-diketoheptoic acid crystallised from ethyl acetate and then from acetic acid 
containing a little water in long flat needles, m. p. 167—169° (Found, in material dried at 100° : 
C, 71-4, 71-6; H, 5-6, 5-7. C,,H,,O, requires C, 71-8; H, 5-6%). The solution of this acid in 
sulphuric acid is deep orange in colour. 

The bis-2 : 4-dinitrophenylhydrazone, prepared from the acid (0-8 g.) and dinitropheny]l- 
hydrazine (1-1 g.) in acetic acid (25 c.c.) at 100°, crystallised from the hot solution in orange-red 
microscopic needles, yellow by transmitted light; it was washed with acetic acid and alcohol 
and dried at 100°, m. p. 250° (decomp.) (Found: C, 54-2; H, 4:1; N, 17-0. C,,H,,0,.N, 
requires C, 54:0; H, 3-7; N, 17-4%). 

The disemicarbazone was obtained by the addition of semicarbazide hydrochloride to a 
solution of the acid in aqueous sodium carbonate; the mixture was later acidified with acetic 
acid. The caseous precipitate dissolved in hot alcohol and quickly separated as dense clusters 
of white microscopic needles which could not be redissolved; m. p. 183—184° (decomp.) 
(Found: N, 20-7. C,,9H,,0O,N, requires N, 21-1%). 

3-8-Naphthyl-A*-cyclopenten-1-one-2-acetic Acid.—A mixture of naphthyldiketoheptoic acid 
(10 g.), water (1 1.), and potassium hydroxide (20 g.) was kept for 3 days at room temperature 
or, alternatively and preferably, heated at 95—100° for 1 hour. The cooled solution was 
acidified, and then seeded if necessary. The acid was collected, washed, and dried (9-4 g.). 
In this form the substance is sufficiently pure for the next stage, but for some other purposes it can 
conveniently be purified by treatment with not too much hot ethyl acetate. The substance 
was crystallised by solution in ethyl acetate (5 vols.) and addition of light petroleum (b. p. 
60—80°, 2 vols.) and then by recrystallisation from acetone and from chloroform. It was 

finally obtained as colourless prismatic needles, m. p. 168—169° (Found, in material dried at 

100°: C, 76-4; H, 5-2. C,,H,,O, requires C, 76-7; H, 5-2%). An alkaline solution quickly 
decolorises permanganate, and when the process was carried to the end in the cold, 8-naphthoic 
. acid was produced; the expected 8-naphthoylpropionic acid could not be isolated. 

The yellow solution in sulphuric acid becomes paler on warming and a green fluorescence is 
developed. 

4-Hydroxy-3'-keto-1 : 2-cyclopentenophenanthrene and its Derivatives (VI).—The acetyl 
derivative (VI, R = Ac) was obtained by refluxing a mixture of naphthylcyclopentenone- 
acetic acid (10 g.) and acetic anhydride (75 c.c.) for 30 minutes. The excess acetic anhydride 
(65 c.c.) was distilled off, and methyl alcohol (50 c.c.) added to the residue. The product was 
collected, washed with methyl alcohol, and dried at 100° (10-5 g., 90%). The addition of water 
to the methyl-alcoholic solution gave a small chalky precipitate which has not been examined. 

The substance was crystallised from ethyl acetate and then from acetic acid and was 

obtained as rosettes of colourless, glistening needles, m. p. 207° (Found, in material dried at 
100° in a high vacuum: C, 78-4; H, 4:9. CC, ,H,,O, requires C, 78-6; H, 4-8%). The yellow 
solution in sulphuric acid exhibits a weak green fluorescence that becomes much stronger on 
gentle heating. 

Hydrolysis was readily effected by hot aqueous, or better, alcoholic, sodium hydroxide, and 
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the bright yellow solution on acidification gave a colourless chalky precipitate of the free 
phenolic ketone (VI, R = H) (quantitative yield). This is very sparingly soluble in most 
organic solvents except pyridine, and is best crystallised from isoamyl alcohol. It occurs as 
flat, pale yellow needles which on heating darken from about 270°, soften at 300°, and .melt 
at 310—315° to a brown tar (Found, in material dried at 100° in a high vacuum: C, 82-3; 
H, 4:8. C,,H,,O, requires C, 82-2; H, 48%). Scarlet-red azo-compounds are obtained by 
coupling this phenanthrol with diazo-salts of the benzene series. 

The oxime of the hydroxy-ketone was prepared by the pyridine method ; it crystallised from 
the reaction mixture in colourless needles, and was recrystallised from acetic acid and then 
from ethyl acetate; m. p. 271° (decomp.) (Found: C, 77-4; H, 4:9; N, 5-2. C,,H,;0,N 
requires C, 77-6; H, 4:9; N, 53%). The derivative is more readily soluble than other 
compounds mentioned in this section. 

The anisylidene derivative of the hydroxy-ketone was prepared in a boiling alcoholic solution 
with the help of potassium hydroxide. The bright red solution was acidified while hot with 
acetic acid, intensely yellow needles being precipitated. The substance is very sparingly soluble 
in boiling formic and acetic acids, alcohol, and ethyl acetate. It is readily soluble in hot 
pyridine and nitrobenzene (pale yellow solution), but crystallisation was slow on the addition 
of acetic acid and alcohol respectively. The best medium is isoamy] alcohol, although separation 
was slow in this case also. The short yellow microscopic needles soften and decompose to a 
viscid tar at 305—310° (Found: * C, 81-8; H, 5-6. C,;H,,0, requires C, 82-0; H,5-9%). The 
solution in alcoholic alkalis is red, and in sulphuric acid, crimson. The methyl ether (VI, R = Me) 
was obtained from the acetyl derivative by treating an alcoholic suspension alternately with 
aqueous potassium hydroxide (40%) and methyl] sulphate so as to heat the solution. The stage 
of completion of the methylation was judged by the disappearance of the yellow colour of the 
alkaline solution. Water was added, and the solid collected, washed, dried and crystallised 
from alcohol. The colourless, short, very slender, glistening needles, m. p. 179°, were dried 
at 100° (Found: C, 82-1; H, 5-3. C,,H,,O, requires C, 82-4; H, 5:3%). The solutions of 
this substance in neutral solvents exhibit a violet fluorescence. 

8 : 4'-Dimethoxyphenanthracyclopentadienochromylium Ferrichloride (VII).—The _last- 
described methoxy-ketone (0-2 g.) and o-vanillin (0-1 g.) were dissolved in the minimum of ethyl 
acetate, and the solution saturated with hydrogen chloride. Crystallisation of a deep brownish- 
red chloride commenced in 2 minutes, and after 30 minutes the salt was collected. It crystal- 
lised from alcoholic hydrochloric acid in bronze needles. The ferrichloride crystallised from a 
mixture of formic and acetic acids, in which it is very sparingly soluble, in spherical groups of 
short microscopic needles which shrink at 245—248° and then gradually carbonise without 
melting (Found: C, 54:0; H, 3-4. C,,H,,0,Cl,Fe requires C, 54-1; H, 33%). The salt is 
chocolate brown in mass; its red solution in sulphuric acid is not fluorescent. 

Degradation Experimenis with Acetoxyketocyclopentenophenanthrene.—Reduction by 
Clemmensen’s method in the presence of anisole afforded a phenol which gave blue-fiuorescent 
solutions and coupled with diazonium salts to azo-compounds; that from p-nitrobenzene- 
diazonium acetate was brownish-red, and gave a bluish-green solution in alcoholic potassium 
hydroxide. This phenol, which is almost cryptophenolic, was distilled with zinc dust in a 
stream of hydrogen, giving a hydrocarbon, m. p. about 160°, evidently not cyclopentenophen- 
anthrene. The yield was unsatisfactory and the substance appeared to be a mixture, so the 
investigation was not pursued. 

Preliminary experiments on the oxidation of the acetyl derivative with chromic acid were 
conducted in acetic acid solution, aqueous acetic acid solution, and in cold acetic anhydride. 
In all cases orange quinones were formed in small yield. A product obtained in acetic acid 
solution was bright orange and readily soluble in aqueous sodium bisulphite to a lemon-yellow 
solution. To this was added 4: 5-diaminoveratrole and sodium acetate. On heating, 
a flocculent precipitate was obtained which was extracted by a very large volume of hot benzene. 
The benzene was washed with bisulphite, dried, and filtered, and then exhibited the violet 
fluorescence characteristic of phenanthraphenazines derived from 4 : 5-diaminoveratrole. . The 
benzene solution on evaporation gave a brownish-yellow residue, which dissolved in sulphuric 
acid to a brilliant magenta-coloured solution. The characteristic green fluorescence in benzene 
and mauve colour in sulphuric acid were obtained when 2: 3-diaminoveratrole was used. The 
quinone dissolves in alcoholic potassium hydfoxide to a greenish-blue solution. Efforts to 
repeat the experiment on a larger scale were only partly successful; the yield was unsatisfactory 
and the product was acidic. 

* After allowance for a residue. 














1396 Experiments on the Synthesis of Substances, etc. Part XXI. 


Chromic anhydride (30 g.), dissolved in acetic acid (300 c.c.) and water (50 c.c.), was 
gradually added to a boiling solution of acetoxyketocyclopentenophenanthrene (10 g.) in acetic 
acid (200 c.c.). When the chromic acid had been reduced, a part of the acetic acid was removed 
by distillation and water was added to the residue. The ochre-orange precipitate was collected, 
washed with water, and triturated with hot aqueous sodium bisulphite. The brown-yellow, 
filtered solution was acidified with sulphuric acid, and the orange precipitate collected, washed, 
and dried. It dissolved partly in hot acetic acid, but only a little amorphous material separated 
on cooling. The acetic acid filtrate from this was diluted with water, the solid isolated, and as 
it was then found to be an acid, dissolved in aqueous sodium carbonate and recovered by 
acidification. The substance could then be crystallised from ethyl acetate in bright orange, 
microscopic prisms of irregular shape (Found, in material dried at 100° in a high vacuum: C, 
62-1; H, 2-9. C,,H,.O, requires C, 62-6; H, 30%. C,,H,O, requires C, 61-5; H, 2-6%). 

The substance does not melt at 350°; its solution in aqueous sodium carbonate is weak 
orange-yellow, and in alcoholic potassium hydroxide, dull bluish-green. It forms a phenazine 
derivative by condensation with o-phenylenediamine in acetic acid solution. The constitution of 
this substance is probably (VIII) but it may be mixed with the lower homologous dibasicacid. It 
is not identical with the phenanthraquinone derivative examined in the small-scale experiments. 

Furfurylidene-6-methoxy-2-acetylnaphthalene.—The author is greatly indebted to Dr. 
R. D. Haworth for information regarding the preparation of 6-methoxy-2-acetylnaphthalene. 
When the process of Haworth and Sheldrick (Joc. cit.) was used on a larger scale the results were 
found to be variable. Some modifications that have been made in this laboratory have given 
favourable results, and it is hoped to publish a reliable prescription in due course. The research 
department of Messrs. Boots Pure Drug Co. Ltd. kindly undertook the preparation of the 
ketone, and supplied a very pure colourless specimen, m. p. 107° (lit. 105°). The author wishes 
to thank Dr. F. L. Pyman, F.R.S., for the details of the method employed. A mixture of this 
pure ketone (35 g.), furfuraldehyde (25 g.), and methyl alcohol (250 c.c.) was heated until a 
clear solution was obtained, and sodium methoxide (2 g. of sodium) in methyl alcohol (50 c.c.) 
was then added. Crystallisation occurred in a few minutes, and next day the solid was isolated 
and dried at 90° (46 g. or 95%). The substance crystallises from acetone as pale yellow, chalky, 
aggregates of prisms, m. p. 113° (Found: C, 77-6; H, 5-1. C,sH,,0O, requires C, 77-7; 
H, 50%). The solution in sulphuric acid is crimson. 

7-(8-6’-Methoxynaphthyl)-4 : 7-diketoheptoic Acid.—This acid was prepared like 7-8-naphthyl- 
4: 7-diketoheptoic acid. The unsaturated ketone (14 g.) was hydrolysed by refluxing with 
a mixture of alcohol (240 c.c.) and concentrated hydrochloric acid (60 c.c.). After removal of 
the solvent, cencentrated hydrochloric acid (80 c.c.), acetic acid (100 c.c.) and water (200 c.c.) 
were added, and the successive extractions gave crops of 1-5, 1-95, 2°55, 1-2, 0-95, and 0-45 g. 
(2 crops) (total, 8-6 g.). After crystallisation this acid had m. p. 138—140°, and was found to 
contain a small proportion of demethylated material. It was shaken with methyl sulphate 
and aqueous sodium hydroxide in the cold until the diazo-coupling test was negative, and then 
recovered. The product was crystallised from equal parts of acetic acid and water and obtained 
as pearly lamine, m. p. 142—143° (Found, in material dried at 100°: C, 68-7; H, 5-8. 
C,,H,,0,; requires C, 68-8; H, 5-7%). The solution in sulphuric acid is intensely orange in 
colour. The formation of a red bisdinitrophenylhydrazone was noted. 

3-(6’-Methoxy-B-naphthyl)-A*-cyclopenten-l-one-2-acetic Acid (X).—This and the other 
substances described below were obtained by the methods used for the series lacking the 
methoxyl group. The pure methylated diketo-acid gave an almost quantitative yield of the 
unsaturated acid, which crystallised from glacial acetic acid in yellow, glistening, prismatic 
needles containing solvent of crystallisation. It was recrystallised from aqueous acetic acid, 
and obtained as long straw-coloured needles, m. p. 204—205° (Found, in material dried at 100° 
in a high vacuum: C, 72-7; H, 5-4. ©C,,H,,O, requires C, 72-9; H, 54%). The acid 
is sparingly soluble in hot ethyl acetate. Its canary-yellow solution in sulphuric acid exhibits 
green fluorescence after keeping for a few seconds. Permanganate is quickly, but not 
instantaneously, reduced by a solution of the acid in aqueous sodium bicarbonate. For many 
purposes, such as the preparation of the dimethoxy-compound described below, the methylation 
of the diketo-acid is unnecessary; the crude diketo-acid (12 g., crystallised from acetic acid but 
not methylated) gave crude unsaturated acid (11-2 g.). On methylation by means of sodium 
hydroxide and methyl sulphate in aqueous or methyl-alcoholic medium, followed by crystal- 
lisation, the pure acid was obtained. By crystallisation alone the crude acid (5 g.) gave the 
pure acid (3-8 g.); the mother-liquors contained a mixture which was conveniently 
methylated and so recovered as the methoxy-acid (0-7 g.). 
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4-Hydroxy-7-methoxy-3'-keto-1 : 2-cyclopentenophenanthrene (XI; R =H, R’ = Me).—The 
crude unsaturated acid (5 g.) was refluxed with acetic anhydride (50 c.c.) for } hour, the mixture 
cooled, and water (25 c.c.) added. When the acetic anhydride had been decomposed, the 
acetyl derivative (XI; R = Ac, R’ = Me) was collected, washed, and dried (4-05 g., m. p., 
243°). When the pure methylated acid was employed the yield was almost quantitative, and 
the product crystallised from acetic acid in nearly colourless, slender needles, m. p. 254° after 
shrinking at 250° (Found, in material dried at 100°: C, 75-1; H, 5-0. C,.H,,O, requires C, 
75-0; H, 50%). The ketone (XI; R =H, R’ = Me) is sparingly soluble in most organic 
solvents; it crystallises in pale yellow, glistening plates when acetic acid is added to its solution 
in pyridine. The crystals were washed with alcohol and dried at 100° (Found: C, 77-5; H, 
5-0. C,gH,,0,; requires C, 77-7; H, 50%). On heating, the substance darkens at 268°, softens 
at 285°, and melts at 293—-299° to a brown tar. The potassium salt crystallises from alcohol in 
orange needles, and the alcoholic solution of the phenol exhibits a feeble bluish-violet 
fluorescence. The p-nitrobenzeneazo-derivative is deep red, and dissolves in alcoholic sodium 
hydroxide with a rich violet colour; in sulphuric acid the coloration is bluish-magenta. 

The methyl ether (XI; R = R’ = Me) crystallised from pyridine-ethy] alcohol and then from 
cyclohexanone-alcohol as pale yellow, flat needles, m. p. 200—201° after softening at 195° 
(Found : C, 77-7; H, 5-3. C,,H,,O, requires C, 78-1; H, 5-5%). The alcoholic solution exhibits 
a violet fluorescence. 4: 7-Dihydroxy-3’-keto-1 : 2-cyclopentenophenanthrene has been 
obtained by demethylation of the above acetyl derivative of the monomethyl ether and also 
by full demethylation of the diketo-acid and processes similar to those described. Its properties 
will be described in a later paper. 
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262. The Identification of Amino-acids by Means of 3: 5-Dinitro- 
benzoyl Chloride. Part II. 


By BERNARD C. SAUNDERS. 


The method of identifying amino-acids by means of 3: 5-dinitrobenzoyl chloride 
has been extended to other amino-acids, peptides, etc. 

The previously recorded high activity of this reagent towards neutral and basic 
ampholytes has again been observed. The hydroxyl group in an acidic molecule 
shows little tendency to react. 


In Part I (Saunders, Biochem. J., 1934, 28, 580), 3: 5-dinitrobenzoyl chloride was 
recommended as a reagent for the rapid identification of certain classes of amino-acids. 
The method is simple and consists in dissolving the amino-acid in N-sodium hydroxide and 
shaking the solution with finely powdered 3 : 5-dinitrobenzoyl chloride : the latter dissolves 
immediately, and on acidification, the 3 : 5-dinitrobenzoy] derivative is precipitated. 

With neutral and basic ampholytes, highly crystalline derivatives were usually obtained 
in good yield; acidic ampholytes, on the other hand, were less reactive; ¢.g., no derivative 
was isolated from aspartic acid under these conditions (although there was evidence that 
the reaction had taken place to a limited extent), and so it was possible to separate glycine 
and other monoamino-monocarboxylic acids from aspartic acid by using 3: 5-dinitro- 
benzoyl chloride. 

The range of usefulness of this reagent has now been further examined, and the results 
obtained with a variety of amino-acids and other compounds of biological interest are 
recorded below. The theoretical deductions arising therefrom will be the subject of a 
future communication. 

The peptides glycylglycine and diglycylglycine reacted similarly to glycine towards 
the reagent. Monoamino-acids other than «-amino-acids, ¢.g., B-alanine and e-amino- 
hexoic acid, also reacted readily, giving highly crystalline derivatives. It is to be noted 
that the derivatives of these two amino-acids could be precipitated from the alkaline 
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solution by dilute acetic acid as well as by dilute hydrochloric acid.* Several derivatives 
(e.g., that of glycine) can be precipitated only by dilute mineral acid. Hence a separation 
of amino-acids can often be based on this difference (cf. the separation of glycine and 
leucine, loc. cit.). 

Sarcosine gave a yield of 84% compared with an 80% yield from glycine. dl-Serine 
gave the N-derivative (I), but in only a 20% yield. It thus appears that one carboxyl 
group in the molecule reduces the reactivity of the hydroxyl group towards the acid chloride 
very considerably, but does not affect the amino-group. Fischer and Jacobs (Ber., 1906, 
39, 2942) also obtained an N-derivative of serine by using p-nitrobenzoyl chloride. Two 
carboxyl groups, however, appear to be necessary to reduce the reactivity of the amino- 
group (é.g., aspartic and glutamic acids; Saunders, Joc. cit.). 

In confirmation, it was found that lactic acid would not condense with 3 : 5-dinitro- 
benzoyl chloride under the above conditions. Ordinarily, the hydroxyl group in a 
“neutral ’”’ molecule will react with the acid chloride in the presence of alkali, but experi- 
ments now in progress appear to show that such a group is less reactive than a similarly 
situated amino-group. J, 

Histidine reacted immediately with 3 : 5-dinitrobenzoyl chloride, but the process of 
identification was less simple than with other amino-acids. If 2 g.-mols. of the acid 
chloride and the calculated quantity of sodium hydroxide were used, the acid chloride 
dissolved, and almost immediately the sodium salt of the 3 : 5-dinitrobenzoyl derivative 
of histidine separated in needles. The filtrate on acidification with hydrochloric acid 
gave 1 g.-mol. of dinitrobenzoic acid. An aqueous solution of the sodium salt when 
carefully acidified with dilute acetic acid gave 3 : 5-dinitrobenzoylhistidine. 

On treating histidine with 1 g.-mol. of the acid chloride in the presence of the calculated 
quantity of sodium hydroxide, no separation of the sodium salt occurred, but after careful 
acidification with dilute acetic acid, 3 : 5-dinitrobenzoylhistidine slowly separated. Only 
a very small quantity of dinitrobenzoic acid was produced. 

It might have been anticipated that histidine, being a basic ampholyte, would give a 
diacyl derivative. In order, therefore, to investigate the possible effect of the glyoxaline 
part of the histidine molecule, the reaction between glyoxaline itself and the acid chloride 
in the presence of sodium hydroxide was examined. It was found that 3 : 5-dinitrobenzoic 
anhydride was produced immediately, no dinitrobenzoyl derivative being formed. 
Pyridine behaved similarly (cf. Wedekind, Ber., 1901, 34, 2070). Hence, glyoxaline is 
acting solely in the capacity of a tertiary base. Histidine, therefore, probably converts 
part of the acid chloride into the anhydride, and may then react with the latter, giving the 
acyl derivative. The monoacy] derivative is thus assumed to possess formula (II). 


H,OH CH=C-CH,°CH-CO,H 
HR 


N N N 
oo" y, NHR-[CH,],-CH(NHR)-CO,H 
CO,H b 4 ala ( 2 
(I.) (II.) (III.) [R = CgH;(NO,)2°CO™] 


Lysine in alkaline solution reacted with 2 mols. of the acid chloride, and gave the sodium 
salt, from which free bis-3 : 5-dinitrobenzoyl-lysine (III) was obtained on acidification. 

A comparison of the behaviour of taurine and sulphanilic acid towards 3 : 5-dinitro- 
benzoyl chloride is interesting. All the acid chloride dissolved when added to an alkaline 
solution of taurine, and the only product on acidification was a small quantity (15%) of 
pure 3 : 5-dinitrobenzoic acid. Estimation of taurine in the filtrate by Sorensen’s method 
showed that 80% of the amino-acid had reacted, and on concentration of the filtrate, 
crystals of sodium 3 : 5-dinitrobenzoyltaurate separated. 

On adding 3 : 5-dinitrobenzoyl chloride to sulphanilic acid dissolved in the calculated 


* 3: 5-Dinitrobenzoic acid is precipitated from alkaline solution by dilute hydrochloric acid, but 
not by dilute acetic acid. Hence derivatives precipitated by acetic acid are entirely free from dinitro- 
benzoic acid. Derivatives precipitated only by hydrochloric acid, provided they are derived from 
“ reactive ’ amino-acids, usually contain, however, only small amounts of dinitrobenzoic acid, which 
is generally completely removed during recrystallisation. 
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quantity of N-sodium hydroxide (2 mols.), a solid remained which was a mixture of 
unchanged acid chloride and sodium 3: 5-dinitrobenzoylsulphanilate (23-5% yield). 
Examination of the filtrate showed that not more than 50% of the sulphanilic acid had 
reacted. With sulphanilic acid dissolved in 4 g.-mols. of N-sodium hydroxide, no solid 
remained, and acidification of the solution with dilute acetic acid gave a 27% yield of 
the above salt. Examination of the filtrate again showed that the reaction had proceeded 
about 50% to completion. The smaller yield from sulphanilic acid than from taurine may 
perhaps be connected with the weakness of sulphanilic acid as a base. 

The reaction of the acid chloride towards the aminobenzoic acids was also examined. 
When anthranilic acid dissolved in 4 g.-mols. of N-sodium hydroxide was shaken with 
3 : 5-dinitrobenzoy]l chloride, the sodium salt of 3 : 5-dinitrobenzoylanthranilic acid separated 
immediately as a gelatinous precipitate, which on treatment with acetic acid gave the 
colourless acid. The filtrate from the sodium salt gave on acidification with dilute acetic 
acid the bright yellow salt of anthranilic acid and 3: 5-dinitrobenzoic acid. This salt 
had been prepared directly from aqueous solutions of its constituents (Buehler e al., 
Ind. Eng. Chem., Anal., 1933, 5, 277), and the author has now prepared it by mixing 
alkaline solutions of these acids and then acidifying with acetic acid, thus accounting for its 
production in the above benzoylation. 

When anthranilic acid was dissolved in only 2 g.-mols. of N-sodium hydroxide, the course 
of the reaction was different : the acid chloride dissolved immediately, and almost at once 
the free dinitrobenzoylanthranilic acid separated (the fy being very nearly 7). The filtrate 
on acidification with acetic acid gave the yellow salt, and addition of hydrochloric acid 
gave a negligible weight of 3 : 5-dinitrobenzoic acid. 

m- and p-Aminobenzoic acids when dissolved in 2 g.-mols. of N-sodium hydroxide and 
treated as above gave the free dinitrobenzoyl derivatives. A comparison of yields is given 


below : 
3 : 5-Dinitrobenzoyl 3 : 5-Dinitrobenzoate, 3 : 5-Dinitrobenzoic 
£8) 


Acid. derivative, %. % acid, %. 
o-AminobenZoic .........+++ 62 37 aan 
m-Aminobenzoic......... 83 a 14 
p-Aminobenzoic ............ 62 35 _ 


Creatine failed to give a derivative with 3 : 5-dinitrobenzoyl chloride, but in presence of 
sodium hydroxide, creatinine and the chloride gave an intense violet coloration, which 
slowly faded to dark brown. This falls into line with the observation (Mann and 
Saunders, ‘‘ Practical Organic Chemistry,’’ pp. 189, 225) that substances containing a 


CHPh!C—NM —CH,°CO— group, which is capable of enolisation, give immedi- 
« O-N OC NAc ately an intense violet coloration (which often fades) with sodium 
av) hydroxide and 3:5-dinitrobenzoic acid.* On acidifying the 


filtered solution with acetic acid, an amorphous brown solid was 
obtained which was not readily purified: the substance was probably a salt, but was 
valueless for identification purposes and was not further examined. Benzylidenecreatinine 
and benzylideneacetylcreatinine (IV; Ing, J., 1932, 2047) gave neither colorations nor 
derivatives when treated as above 

In Part I it was shown that 3 : 5 dinitrobenzoylglycine could be hydrolysed by boiling 
with diluted hydrochloric acid for 1} hours, but it has now been found that 70% sulphuric 
acid effects fhe wera in 5 minutes. 


EXPERIMENTAL. 


3 : 5-Dinitrobenzoylglycylglycine.—Glycylglycine (0-61 g.; 1 mol.) was dissolved in N-sodium 
hydroxide (10 c.c.; 2 mols.), and finely powdered 3 : 5-dinitrobenzoyl chloride (1-15 g.; 1 mol.) 
added. The mixture was shaken vigorously in a stoppered bottle; the acid chloride dissolved 
immediately and the solution, which at once acquired a deep red coloration, was filtered from 
traces of unchanged acid chloride, and acidified with dilute hydrochloric acid. The 3: 5- 
dinitrobenzoyl derivative, which crystallised out immediately, was filtered off and washed with 


* It was found (Part I, loc. cit.) that all 3 : 5-dinitrobenzoyl derivatives gave an intense violet color- 
ation with sodium hydroxide and acetone. This test therefore provides a ready means of ascertaining 
whether a compound has reacted with 3 : 5-dinitrobenzoyl chloride. 
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water. Yield of dried material 1-23 g.; 75%. MRecrystallised from water, it formed clusters 
of fine colourless needles, m. p. 210° (Found: C, 38-2; H, 3-6; N, 16-0; loss at 110°, 5-1. 
C,,H,,O,N,,H,O requires C, 38-3; H, 3-5; N, 16-3; H,O, 52%). 

The following 3 : 5-dinitrobenzoyl derivatives were prepared similarly to the above unless 
otherwise stated, quantities of the order of 0-3—0-5 g. being used. 

3 : 5-Dinitrobenzoyldiglycylglycine—Yield 65%. It recrystallised from water in colourless 
needles, m. p. 236° (decomp.) (Found: C, 40-5; H, 3-4. C,;H,,;0,N, requires C, 40-7; H, 
34%). 

Br tenetandiamntitiielliia itis B-alanine was obtained from succinimide (‘ Organic 
Syntheses,” XVI, 1). The derivative was precipitated from alkaline solution by dilute acetic 
acid. Yield 64%. Recrystallised from water, it formed clusters of long, fine, colourless needles, 
m. p. 202-5° (Found: C, 42-6; H, 3:3; N, 15-0. C,)H,O,N; requires C, 42-4; H, 3-2; N, 
148%). 

e-3 : 5-Dinitrobenzamidohexoic Acid.—The e-aminohexoic acid was obtained from 
cyclohexanoneoxime (op. cit., XVII, 7). The derivative was obtained as an oil, which soon 
crystallised, by acidifying the alkaline solution with dilute acetic acid. Yield 65%. Recrystal- 
lisation from boiling water, in which it is only moderately soluble, afforded colourless needles, 
m. p. 129—131° (Found: C, 48-0; H, 5-0; N, 12-6. C,,;H,,0,N, requires C, 48-0; H, 4-9; 
N, 13-0%). 

3 : 5-Dinitrobenzoylsarcosine.—Yield 84%. This recrystallised from water in radiating 
tufts of needles, m. p. 153-5°, when the temperature was raised very slowly at about 100°: if 
the temperature was raised quickly, the compound dissolved in its water of crystallisation and 
gave a low m. p. (Found: C, 39-6; H, 3-85; N, 14-4; loss at 100°, 5-8. C,,H,O,N;,H,O 
requires C, 39-9; H, 3-65; N, 14:0; H,O, 60%). The derivative was not decomposed by 
dehydration, since the anhydrous substance could be recrystallised from water, again producing 
the hydrated form. 

3 : 5-Dinitrobenzoyl-dl-proline was precipitated by dilute hydrochloric acid as a gum which 
soon solidified. Yield 80%. It recrystallised from acetone in small, well-formed prisms, 
m. p. 217° (Found : C, 46-8; H, 3-6; N, 14-0. C,,H,,0,N; requires C, 46-9; H, 3-6; N, 13-6%). 

N-3 : 5-Dinitrobenzoyl-dl-serine.—Dilute hydrochloric acid precipitated 3: 5-dinitrobenzoic 
acid, the filtrate from which slowly deposited the derivative in needles. Yield about 20%. 
This recrystallised from water in silky needles, m. p. 94—95° (Found: C, 37-6; H, 3-6; N, 
13-1. CyH,O,N;,H,O requires C, 37-9; H, 3-5; N, 13-2%). It was not possible to determine 
the water of crystallisation owing to decomposition at 100°. 

Reaction between Lactic Acid and 3 : 5-Dinitrobenzoyl Chloride.—({A) An experiment was carried 
out as for glycylglycine, the quantities used being: lactic acid (0-9 g.), N-sodium hydroxide 
(30 c.c.), acid chloride (2-3 g.). The last dissolved immediately : no precipitate was produced 
with dilute acetic acid, but acidification with dilute hydrochloric acid gave 1-88 g. of 3: 5- 
dinitrobenzoic acid (i.e., 90% yield). Recrystallised from water, it had m. p. 208°. 

(B) Excess of lactic acid (2 c.c.) and 3: 5-dinitrobenzoyl chloride (1-15 g.) were heated to- 
gether on the water-bath for 3 minutes. The acid chloride first dissolved and then the mass 
became solid. This, washed with cold water, filtered off, and dried, was identified as 3: 5- 
dinitrobenzoic acid (0-92 g.; 87%). In these circumstances ethyl alcohol reacts with the acid 
choride. 

"Reaction between 1-Histidine and 3 : 5-Dinitrobenzoyl Chloride—(A) Histidine hydrochloride 
monohydrate (0-52 g.) was dissolved in N-sodium hydroxide (10 c.c.; 4 mols.), 3: 5 dinitro- 
benzoyl chloride (1-15 g.; 2 mols.) added, and the mixture shaken. Almost all the chloride 
dissolved, giving a deep red solution, which was filtered; it rapidly became gearly colourless, 
and then slowly deposited pale yellow needles (0-55 g.) of the sodium salt of the derivative. 
The filtrate gave a negligible precipitate with dilute acetic acid, but with dilute hydrochloric 
acid gave 0-4 g. of 3: 5-dinitrobenzoic acid, m. p. 207° (i.e., 76% recovery of 1 g.-mol. of the 
acid chloride). The sodium salt was dissolved in water, and dilute acetic acid added until the 
solution was very faintly acid tolitmus; the precipitate which slowly separated was recrystallised 
several times from water in which it is rather soluble, forming radiating tufts of short needles, 
m. p. 189° (softens about 183°) (Found: C, 42-8; H, 3-8; N, 18-7. C,,H,,0,N;,H,O requires 
C, 425; H, 3-5; N, 191%). 

(B) The monohydrate (0-52 g.) was dissolved in N-sodium hydroxide (7-5 c.c.; 3 mols.), and 
treated with the acid chloride (0-58 g.; 1 mol.). No sodium salt separated, but when the 
mixture was carefully acidified with dilute acetic acid and set aside, the derivative slowly 
crystallised out (0-4 g.); it recrystallised from water in tufts of short needles, m. p. 188° (Found : 
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C, 42-5; H, 3-6; N, 18-95%). The original filtrate, when acidified with hydrochloric acid, 
gave 0-14 g. of 3 : 5-dinitrobenzoic acid (20% recovery). 

Reaction between Glyoxaline and 3: 5-Dinitrobenzoyl Chloride.—Glyoxaline (0-68 g.) was 
dissolved in N-sodium hydroxide (10 c.c.) and shaken with the acid chloride (2-3 g.). A deep 
red coloration was produced, and a solid separated (0-83 g.). Addition of hydrochloric acid 
to the filtrate precipitated 3 : 5-dinitrobenzoic acid (1-2 g.; 59%). The solid which separated 
from the cold alkaline solution was soluble in excess of alkali, and was shown by the following 
tests to be 3: 5-dinitrobenzoic anhydride. It was recrystallised from benzene, and then had 
m. p. 219—221° (Adams et al., J. Amer. Chem. Soc., 1918, 40, 428 give 109°; ? misprint). 
Recrystallisation from alcohol afforded ethyl 3 : 5-dinitrobenzoate, m. p. 92° (Found: C, 45-0; 
H, 3-3. Calc. for CSH,O,N,: C, 45-0; H, 3-2%), insoluble in alkali. 

When glyoxaline and the aoid chloride were fused together in the absence of sodium 
hydroxide, a dark product was obtained, but it was again possible to isolate the anhydride by 
extraction with benzene. 

Bis-(3 : 5-dinitrobenzoyl)-d-lysine.—d-Lysine dihydrochloride (0°55 g.) was dissolved in 
n-sodium hydroxide (13 c.c.; 5 mols.) and shaken with the acid chloride (1-15 g.; 2 mols.). 
The latter dissolved, producing a deep red coloration which soon faded with the simultaneous 
separation of a precipitate (1 g.). The filtrate gave a negligible precipitate with acetic acid, 
but gave 0-1 g. of dinitrobenzoic acid on acidification with hydrochloric acid, thus indicating 
that 2 mols. of the acid chloride had reacted. The precipitate which separated from the alkaline 
solution was a sodium salt, a very small quantity of which was recrystallised from dilute sodium 
carbonate solution (Found: N, 14-2, 14-4. C.9H,,0,,N,Na,2H,O requires N, 14:2%). The 
remainder of the sodium salt was dissolved in hot water, filtered, and dilute hydrochloric acid 
added; the bis-3 : 5-dinitrobenzoyl derivative was then precipitated. It recrystallised from 
alcohol in minute colourless needles, m. p. 169° (softening about 160°) (Found: N, 14-5; H,O, 
6:2. Cyp9H,,01.N,,2H,O requires N, 14-7; H,O, 6-3%). The anhydrous substance was obtained 
by 1 hour’s heating at 115° (Found: C, 45-0; H, 3-4; N, 15-95. C,. 9H,,0,,N, requires C, 
44-95; H, 3-4; N, 15-7%). 

Sodium 3 : 5-Dinitrobenzoyltaurate.—Taurine (0-63 g.) was dissolved in N-sodium hydroxide 
(10 c.c.), and the powdered acid chloride (1-15 g.) added: a deep red coloration was produced, 
which rapidly faded to pale yellow. No precipitate was produced with acetic acid, but with 
dilute hydrochloric acid 3 : 5-dinitrobenzoic acid was produced (0-16 g.; 15%). The solution 
was filtered and made up to 50 c.c. The amino-acid present was estimated by Sorensen’s 
method: 10 c.c. of the solution required 1 c.c. of 0-1 N-sodium hydroxide. Thus only 20% 
of the taurine remained unchanged. 

In a second experiment, the filtrate from the dinitrobenzoic acid was concentrated to about 
one-third of its bulk and allowed to cool, large colourless crystalline plates of the sodium 
dinitrobenzoyliaurate separating (1 g.; 60%). These recrystallised from aqueous alcohol in 
large, almost colourless, feathery plates (Found: N, 12-0. C,H,O,N;SNa requires N, 12-3%). 

Reaction between 3: 5-Dinitrobenzoyl Chloride and Sulphanilic Acid.—Sulphanilic acid 
(2-09 g.) was dissolved in N-sodium hydroxide (40 c.c.; 4 mols.) and shaken with the acid 
chloride (2-3 g.; 1 mol.). The latter dissolved : the solution was quickly filtered, and acidified 
with dilute acetic acid, a precipitate of sodium 3: 5-dinitrobenzoylsulphanilate being obtained 
(0-91 g.; 23-5%). This recrystallised from water in colourless needles (Found: N, 9-3, 9-5; 
H,O, 12:3. C,,;H,O,N,SNa,3H,O requires N, 9-5; H,O, 12-2%). Dilute hydrochloric acid was 
added to the original filtrate: at this pg, the dinitrobenzoic acid separated out first (1-05 g., 
representing a 50% recovery of the acid chloride used), and on concentration of the mother- 
liquor sulphanilic acid crystallised out (0-94 g.; 45% recovery). 

In a second experiment, the sulphanilic acid (2-09 g.) was dissolved in 2 mols. 
of n-sodium hydroxide (20 c.c.) and treated as above. A solid residue was left from which 
1-04 g. of the sodium salt were obtained (27% yield). Acetic acid produced no precipitate, but 
on the addition of hydrochloric acid 0-6 g. of dinitrobenzoic acid was obtained (0-5 g. was also 
recovered from insoluble residue; total recovery = 1-1 g., or 52%). Concentration of the 
filtrate gave 1 g. of sulphanilic acid (48% recovery). 

Reaction between 3: 5-Dinitrobenzoyl Chloride and Anthranilic Acid.—(i) Anthranilic acid 
(1:36 g.) was dissolved in N-sodium hydroxide (20 c.c.; 2 mols.) in a mortar, and ground with 
the acid chloride (2-3 g.). At first the latter dissolved, and a clear solution was momentarily 
obtained. After 1—2 seconds, a heavy precipitate (A, 2-05 g.) was produced. On adding 
dilute acetic acid to the filtrate, a bright yellow precipitate (B, 1-3 g.) was obtained. On adding 
dilute hydrochloric acid to the filtrate from B, a negligible amount of 3: 5-dinitrobenzoic 
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acid was produced. The substance A proved to be the free dinitrobenzoyl derivative and not 
the sodium salt as might be inferred. The pg of the solution from which the derivative was 
precipitated was about 7. Other experiments showed that if A were dissolved in alkali and 
dilute acid added, complete precipitation took place while the solution was still alkaline to 
bromophenol-blue. The compound 4 recrystallised from acetone in needles, m. p. 278° (softens 
at 269°) (Found: C, 51-1; H, 3-0; N, 13-0. C,,H,O,N, requires C, 50-8; H, 2-7; N, 12-7%). 

A substance identical with this was produced by mixing a solution of anthranilic acid (1-36 g.) 
in dry benzene (30 c.c.) with a solution of the acid chloride (2-3 g.) also in dry benzene (10 c.c.). 
A colourless precipitate (2-6 g.) was produced immediately in the cold; when boiled with water 
and recrystallised several times from acetone, it had m. p. 279—280° (Found: C, 51-1; H, 
2:8; N, 12-5%). 

The product B recrystallised from water in beautiful, deep yellow, radiating needles, m. p. 
208° (Found: C, 48-7; H, 3-2; N, 12-1. Calc. for C,H,O,N,C,H,O,N,: C, 48:3; H, 3-2; 
N, 12-0%); it dissolved in hot water, giving a colourless solution, from which yellow crystals 
separated on cooling. It also dissolved in cold alcohol, giving a colourless solution, from which 
yellow crystals were again obtained on addition of water. The yellow crystals dissolved in 
hydrochloric acid, giving a colourless solution from which crystals of 3 : 5-dinitrobenzoic acid 
separated. 

(ii) Under the same conditions as in (i), but with 40 c.c. (4 mols.) of N-sodium hydroxide, 
a somewhat gelatinous precipitate of sodium 3 : 5-dinitrobenzoylanthranilate (C, 0-7 g.) separated 
from the alkaline solution. On addition of dilute acetic acid to the filtrate, the compound B 
(2 g.) was obtained, and after its femoval the filtrate gave 3 : 5-dinitrobenzoic acid (0-34 g.) when 
acidified with hydrochloric acid. The salt C separated from hot water as a gel, which very 
slowly changed to fine yellow needles. The needles were obtained more readily by recrystal- 
lising from dilute sodium carbonate solution (Found: N, 11-7. C,H,O,N,Na requires N, 
11-9%). A solution of C in hot water when acidified with dilute acetic acid gave the free 
dinitrobenzoyl derivative, A, in quantitative yield. 

Reaction between 3 : 5-Dinitrobenzoyl Chloride and m-Aminobenzoic Acid.—Experiment (i), 
above, was repeated, but with m-aminobenzoic acid. In this case also, the free dinitrobenzoyl 
derivative (2-76 g.) separated without acidifying; it recrystallised from aqueous alcohol in 
radiating rosettes of pale yellow needles; m. p. 270° (softening slightly about 240°) (Found: C, 
51-1; H, 2-8. C,H,O,N, requires C, 50-8; H, 2-7%). A negligible precipitate was obtained 
on acidifying the original filtrate with acetic acid, and on adding dilute hydrochloric acid, 
dinitrobenzoic acid (0-26 g.) separated. 

Reaction between 3 : 5-Dinitrobenzoyl Chloride and p-Aminobenzoic Acid.—Under conditions 
as in (i) above, this acid afforded the free dinitrobenzoyl derivative (2-05 g.) without acidification ; 
it recrystallised from aqueous alcohol in clusters of short needles, unmolten at 290° (Found : 
N, 12-8. C,,H,O,N; requires N, 12-7%). On acidifying the original filtrate with dilute acetic 
acid, the orange-coloured p-aminobenzoic acid 3: 5-dinitrobenzoate (1-2 g.) separated; this 
recrystallised from water in long orange needles, m. p. 195° (Found: N, 12-0. Calc. for 
C,H,O,N,C,H,O,N,: N, 120%). Further acidification with dilute hydrochloric acid produced 
a negligible weight of 3: 5-dinitrobenzoic acid. 

Hydrolysis of 3 : 5-Dinitrobenzoylglycine.—The derivative (0-9 g.), m. p. 179°, was gently 
boiled with 70% (by weight) sulphuric acid (4 c.c.) for 5—7 mins. The mixture was then 
diluted with water, thoroughly cooled, and the 3 : 5-dinitrobenzoic acid filtered off, m. p. 206° 
(0-66 g.; 100%). The filtrate was made up to standard bulk, and analysis by Sorensen’s method 
showed that 85% of the theoretical amount of glycine was present in solution. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, July 11th, 1938.] 











263.  Siudies in the Indole Series. Part II. Derivatives of 
2-Phenylindole. 


By E. B. Womack, NEIL CAMPBELL, and G. B. Dopps. 


Nitrous acid is shown to form with 2-phenylindole, not only the 3-oximino-com- 
pound, but also 3-nitro-2-phenylindole and a dinitroindole identical with that formed 
by the direct nitration of 2-phenylindole; the second nitro-group is shown to be in 
the 5-position. Attempts to prepare a trinitro-2-phenylindole were unsuccessful. 
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The properties of 3-nitroso-2-phenyl-l-methylindole have been further investigated. 
An easy method for preparing 2’- and 4’-nitrodeoxybenzoins has been obtained, and the 
reduction of these compounds studied. An improved method for the preparation of 


p-nitrobenzil is given. 


CAMPBELL and CooPER (J., 1935, 1208) suspected that, when an excess of nitrous acid 
acts upon 2-phenylindole, it not only forms the 3-oximino-compound but also oxidises 
the latter to the corresponding nitro-compound and effects nitration of the benzene ring. 
We have now shown that nitrous acid readily accomplishes the oxidation, and when in 
large excess it forms the dinitro-2-phenylindole first obtained by Angeli and Angelico 
(Gazzetta, 1900, 30, 268), though their method of preparation is much superior. The 
m. p. of this dinitro-2-phenylindole was’ given as “‘ above 280°,” and no definite structure 
was assigned to it. We have obtained the compound in the pure state with a definite 
m. p. of 312°, and have proved it to be 3 : 5-dinitro-2-phenylindole (I) by oxidation with 
potassium permanganate in glacial acetic acid to 5-nitro-N-benzoylanthranilic acid. This 
nitration of the benzene ring in position 5 is paralleled by the nitration of 2 : 3-dimethyl- 
indole (Bauer and Strauss, Ber., 1932, 65, 308; Plant and Tomlinson, J., 1933, 955). By 
analogy, the dinitro-2-methylindole of Walther and Clemen (J. pr. Chem., 1900, 61, 249) 
is probably the 3 : 5-dinitro-compound. 

Since Mathur and Robinson (J., 1934, 1415) nitrated dinitro- to a trinitro-2-methy]l- 
indole, we attempted to prepare trinitro-2-phenylindole by the same method. From the 
reaction mixture, however, only unchanged dinitro-2-phenylindole was obtained, whilst 
with stronger nitrating agents oxidation occurred, giving acidic compounds containing 
5-nitro-N-benzoylanthranilic acid. 

The properties of 3-nitroso-2-phenyl-l-methylindole have been further investigated. 
Although this is a true nitroso-compound, many of its properties are anomalous. All 
attempts to oxidise it to the corresponding nitro-compound failed. With alkaline per- 
manganate, oxidation did occur, but the product was a colourless acid, and hence ring 
fission had taken place. It had been noted earlier that it did not condense with aniline 
(Campbell and Cooper, Joc. cit.) : this work has been repeated with aniline, /-nitroaniline, 
and ~-bromoaniline, but in all cases only the unchanged compound was obtained. Further, 
the nitroso-compound gave no colour with glacial acetic acid and diphenylamine (nitroso- 
benzene gives a pink coloration), formed no dye with hydroxylamine hydrochloride and 
«-naphthol, and liberated iodine from acidified aqueous-alcoholic potassium iodide much 
less readily than nitrosobenzene. Both in appearance and in some of its chemical pro- 
perties, 3-nitroso-2-phenyl-1-methylindole resembles -nitrosodimethylaniline rather than 
nitrosobenzene, for the former gives no colour with glacial acetic acid and diphenylamine, 
and liberates iodine from potassium iodide solution more slowly than does the latter. 

With certain nitroso-compounds it is not possible to carry out the Liebermann reaction 
owing to sulphuric acid itself producing a coloration, and this also applies to the Angeli- 
Castellana reaction (Atit R. Accad. Lincei, 1905, 141, 669), but the latter may be modified 
by using acetic acid instead of sulphuric acid. C-Nitroso-compounds such as nitroso- 
benzene give a pink coloration after a few minutes. 

In the course of these investigations we have repeatedly attempted to prepare 2- 
phenylindole by the reduction of 2’-nitro- (so-called o-nitro-)deoxybenzoin with zinc 
dust and ammonia, as recorded by Pictet (Ber., 1886, 19, 1064) and List (Ber., 1893, 26, 
2451), but no appreciable quantity of that compound could be isolated, the product being 
a crystalline compound of sharp m. p. which we believe to be 2’-aminodeoxybenzoin (II). 


C(NO,) CH 

\ 2 

(I.) a. CPh soph (II.) 
NH” NH, 

The nitrodeoxybenzoin used by Pictet was a crude oily product (yield not quoted) which 


List showed to contain 25—30% of 2’-nitrodeoxybenzoin. We obtained the pure com- 
pound by nitrating deoxybenzoin with Menke’s reagent (Rec. Trav. chim., 1925, 44, 141, 
4y¥ 
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269), the resulting mixture of 2’- and 4’-isomers being easily separated into its constituents 
with ether. The reduction of both compounds yielded the corresponding aminodeoxy- 
benzoins, though the 2’-compound afforded a trace of 2-phenylindole and in certain 
conditions larger quantities were obtained. 

The formation of 2-phenylindole establishes the orientation of the 2’-amino-compound, 
and presumably the so-called p-isomer is the 4’-compound (Beilstein nomenclature). 
This was confirmed by the fact that 4’-nitrodeoxybenzoin, prepared as above, was identical 
with the nitrodeoxybenzoin prepared from #-nitrophenylacetyl chloride and benzene by 
the Friedel-Crafts reaction (Petrenko-Kritschenko, Ber., 1892, 25, 2242). The 4’-amino- 
deoxybenzoin was shown to be identical with that prepared by Golubew (Ber., 1873, 6, 
1252) by reduction of #-nitrobenzil, though the mixed m. p. determination was not com- 
pletely satisfactory, for the amino-compounds decompose on standing owing, possibly, 
to the condensation of the carbonyl group of one molecule with the amino-group of another. 

We have improved Chattaway and Coulson’s preparation of f-nitrobenzil (J., 1928, 


1080). 
EXPERIMENTAL. 


The m. p.’s recorded were obtained with Kofler’s micro-apparatus (‘‘ Mikroskopische 
Methoden in der Mikrochemie.’’) and calibrated thermometers. In agreement with his claims, 
the apparatus was found to be much more satisfactory than the ordinary capillary m. p. apparatus. 
Most of the analyses were done by Dr. Weiler, Oxford, and Mr. W. Brown, Edinburgh. 
2-Phenylindole and 3-oximino-2-phenylindole were prepared by the procedure reported by 
Campbell and Cooper (loc. cit.). 

Action of Nitrous Acid on 3-Oximino- and 3-Nitro-2-phenylindole.—The oximino-compound 
(1 g.) was suspended in boiling glacial acetic acid (15 c.c.) and treated with sodium nitrite 
(0-35 g.; 1 equiv.). The resulting precipitate crystallised from alcohol in yellow needles, and 
was shown by m. p. and mixed m. p. (236—238°, lit., 238°) to be 3-nitro-2-phenylindole; yield 
quantitative. 

3-Nitro-2-phenylindole (2 g.), when treated in boiling glacial acetic acid with a large excess 
of sodium nitrite (5 g.), yielded a mixture of unchanged compound and a small amount (0:3 g.) 
of a yellow crystalline substance which was insoluble in alcohol and cold acetic acid and melted 
at 312° (decomp.). It was identified as 3: 5-dinitro-2-phenylindole (I), and shown (mixed 
m. p.) to be identical with the dinitro-2-phenylindole prepared by Angeli and Angelico (loc. 
cit.). It was best prepared as follows. 2-Phenylindole (10 g.) was mixed with concentrated 
nitric acid (100 c.c.), and after a brisk reaction the dinitro-compound separated ; it was purified 
by dissolution in dilute sodium hydroxide and precipitation with nitric acid, and crystallised 
in yellow plates (glacial acetic acid), m. p. 312°. 

Oxidation of 3-Oximino-, 3-Nitro-, and 3 : 5-Dinitro-2-phenylindole.—Many oxidising agents 
were used, but the most satisfactory was potassium permanganate in glacial acetic acid. 3- 
Oximino- or 3-nitro-2-phenylindole (0-4 g.) was dissolved in glacial acetic acid and heated under 
reflux with powdered potassium permanganate (1 g.) for 3 hours, and the product poured into 
water. After decolorisation of the solution by sulphurous acid, a creamy precipitate of benzoyl- 
anthranilic acid was obtained, which was crystallised from alcohol, m. p. 179—181° (lit., 181°); 
yield 0-2 g. The compound was purified by dissolving it in dilute sodium hydroxide, removing 
any insoluble matter, and reprecipitating with dilute sulphuric acid. 3 : 5-Dinitro-2-pheny]l- 
indole by the same treatment yielded 5-nitro-N-benzoylanthranilic acid, m. p. 257—258°, 
identical with an authentic specimen prepared as described below. 

5-Nitro-N-benzoylanthranilic Acid.—5-Nitroanthranilic acid (Bogert and Scatchard, ]. Amer. 
Chem. Soc., 1919, 41, 2066) could not be benzoylated in benzene by benzoyl chloride, but in 
pyridine 5-nitro-N-benzoylanthranil was easily obtained, m. p. 178—180° (Found: C, 62-8; H, 
3-3; N, 10-4. C,,H,O,N, requires C, 62-7; H, 3-0; N, 10-4%). By hydrolysis with boiling 
hydrochloric acid, 5-nitro-N-benzoylanthranilic acid was obtained, m. p. 257—260° (Found : 
C, 59-3; H, 4-1; N, 9-6. C,,H,,O;N, requires C, 58-8; H, 3-5; N, 9-8%). 

Attempted Nitration of 3: 5-Dinitro-2-phenylindole.—3 : 5-Dinitro-2-phenylindole (2 g.) 
was boiled with concentrated nitric acid (10 c.c.) for 15 minutes, and the solution cooled. The 
colourless solid so obtained was obviously a mixture, but after several crystallisations from 
aqueous alcohol a small amount of 5-nitro-N-benzoylanthranilic acid was obtained. 

Nitration of Deoxybenzoin.—Deoxybenzoin (10 g.) was dissolved in acetic anhydride (50 
c.c.), and cupric nitrate (15 g.) added slowly, the mixture being continuously stirred and the 
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temperature maintained at 25—-30°. The mixture was then kept for an hour at room tem- 
perature, and poured into water (300 c.c.). The resulting solid (10 g.) was extracted with cold 
ether (100 c.c.), the 2’-compound dissolving and the 4’-isomer remaining. The nitro-compounds 
were purified by crystallisation first from benzene-light petroleum (b. p. 60—80°) (1:1), and 
then from alcohol: 2’-compound, m. p. 72—74° (lit., 73—74°), yield 6 g.; 4’-compound, m. p. 
138—140° (lit., 141—142°), yield 2 g. Quantities up to 35 g. of deoxybenzoin have been 
nitrated by this method, but the temperature must be maintained between 25° and 30°: below 
25° nitration does not occur, and above 30° oxidation to benzils takes place. Both compounds 
were identified by oxidation to the corresponding nitrobenzoic acids, and by their oximes 
and dinitrophenylhydrazones. 2’-Nitrodeoxybenzoin-2 : 4-dinitrophenylhydrazone, prepared by 
Brady’s method (J., 1931, 756), was obtained in orange prisms (from tetralin), m. p. 219—221° 
(Found : N, 16-5. C.9H,,0,N, requires N, 16-6%), and the 4’-isomeride was similarly obtained 
as orange-red prisms, m. p. 233—234° (Found : N, 17-:0%). 4’-Nitrodeoxybenzoin was shown to 
be identical with the compound prepared as below. 

Preparation of 4'-Nitrodeoxybenzoin.—Petrenko-Kritschenko’s method (loc. cit.) was used 
with the following modifications. After the brisk reaction with aluminium chloride, the mixture 
was heated ‘on the water-bath for an hour and then poured on ice and concentrated hydro- 
chloric acid. The benzene layer was separated, more benzene being added if necessary to 
dissolve any remaining solid, and the solution was heated for an hour under reflux with good 
animal charcoal. The solution was filtered, an equal volume of light petroleum (b. p. 60— 
80°) added, and the mixture kept for 2 hours. The resulting precipitate was crystallised 
repeatedly from alcohol (charcoal); m. p. 141—142°, yield poor. 

Reduction of 2'- and 4'-Nitrodeoxybenzoins.—In our hands the method of Pictet (loc. cit.) 
and List (loc. cit.) afforded a dark tarry product, which gave a definite pine-splint reaction 
but yielded only a very small amount of 2-phenylindole by tedious treatment with ligroin. A 
more satisfactory result was obtained when 2’-nitrodeoxybenzoin (5 g.) was treated with excess 
zinc dust in concentrated ammonia (25 c.c.). After reduction was complete, the mixture was 
filtered, and on neutralisation with dilute sulphuric acid yielded yellow crystalline 2’-amino- 
deoxybenzoin (II) (3 g.), which after crystallisation from alcohol melted at 170° (Found: C, 
80:7; H, 5-2; N, 6-7. C,,4H,,ON requires C, 80-0; H, 6-2; N, 6-6%). The compound dis- 
solved in hydrochloric acid, and decomposed on standing; a solution in acetic anhydride, after 
being kept at room temperature for several days, gave the pine-splint test, but no 2-phenyl- 
indole could be isolated. 4’-Nitrodeoxybenzoin, when reduced in a similar manner, gave 
4’-aminodeoxybenzoin, m. p. 94—96° (lit., 95—-96°), identical with the amine formed in very 
poor yields by reduction of p-nitrobenzil (Golubew, loc. cit.). Attempts to prepare picrates and 
acetyl and benzoyl derivatives of the amines were unsuccessful. 

2-Phenylindole (1 g.) was obtained by reducing 2’-nitrodeoxybenzoin (6 g.) with zinc dust 
and glacial acetic acid, 4 g. of the nitro-compound being recovered unchanged. 

Preparation of p-Nitrobenzil_—Pure benzoin (200 g.) was suspended in acetic anhydride 
(1000 c.c.), and the mixture cooled in ice. Concentrated sulphuric acid (200 c.c.) was added, 
and the mixture stirred and cooled to 0°. Potassium nitrate (110 g.) was added in small 
quantities, and the mixture then kept for 2 days at room temperature before being poured into 
water. The oil which separated was washed with water, extracted with ether, and the ether 
evaporated, leaving an oil which soon solidified and was crystallised twice from alcohol or 
acetone; m. p. 127—-128° (lit., 125°), yield 60%. The compound was shown to be identical 
with the acetyl derivative of p-nitrobenzoin obtained by Francis and Keene (J., 1911, 99, 
344). p-Nitrobenzil was obtained by heating the acetyl compound (5 g.) with concentrated 
nitric acid (14 c.c.) on the water-bath for 1 hour and pouring the solution into water. The 
resulting precipitate was crystallised three times from glacial acetic acid; m. p. 142° (lit., 
142°), yield 4 g. 


Thanks are expressed to the Carnegie Trust for the Universities of Scotland for the award 
of a Teaching Fellowship to one of us (N. C.), to the Moray Fund for a grant, and to Dr. G. S. 
Learmonth for the method of preparation of p-nitrobenzil. 
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264. Studies in the Sterol Group. Part XXXVIII. The 
Bromination of 6-Keto-3-acetoxy-A*-cholestene. 


By H. JAckson and E. R. H. Jones. 


4: 5-Dibromo-6-ketocholestanyl acetate and 4-bromo-6-keto-3-acetoxy-A‘-cholestene 
have been prepared and characterised. Catalytic reduction of 6-keto-3-acetoxy-A‘- 
cholestene yields 6-ketocholestane. 


BROMINATION of 6-keto-3-acetoxy-A*-cholestene (I) (Heilbron, Jones, and Spring, J., 
1937, 801) with two moles of bromine yields the unstable 4 : 5-dibromo-6-ketocholestanyl 
acetate (II), m. p. 81—82° (decomp.), the constitution of which is readily established by its 
quantitative conversion with potassium iodide in acetone (Schoenheimer, J. Biol. Chem., 
1935, 110, 461) into the original unsaturated ketone (I). The ultra-violet absorption 
spectrum of the dibromide is similar to that of 5-bromo-6-ketocholestanyl acetate (Barr, 
Heilbron, Jones, and Spring, this vol., p. 335), the ketone band being displaced to longer 
wave-lengths by the «-halogen atom. 

Treatment of (I) with one mole of bromine proceeds with evolution of hydrogen 
bromide and gives 4-bromo-6-keto-3-acetoxy-A‘-cholestene (III), m. p. 115—116°, which 
exhibits the typical light-absorption properties of an «$-unsaturated ketone. It can also 
be obtained by heating an ethereal solution of the dibromide (II) for two minutes or by 
heating it under reflux with potassium acetate in acetic acid. By treatment with pyridine, 
the monobromide (III) is converted almost quantitatively into 6-keto-3-acetoxy-A?:4- 
cholestadiene (IV), previously obtained from 5:7- and 5’ : 7-dibromo-6-ketocholestanyl 
acetates (Heilbron, Jackson, Jones, and Spring, this vol., p. 102). Under the same conditions 
the dibromide (II) yields neither the monobromide (III) nor the doubly unsaturated ketone 
(IV), 6-keto-3-acetoxy-A*-cholestene (I) being the only product isolated (cf. Butenandt, 
Schramm, and Kudszus, Annalen, 1937, 531, 192). 


Me C,H,, 


x 
(III.) 
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With sodium methoxide in methyl alcohol, the dibromide (II) gives a crystalline 
product C,9H,,0,, m. p. 149—150°, which contains two methoxy-groups, forms a mono- 
benzoate, m. p. 129—130°, is stable to cold methyl-alcoholic potassium hydroxide, and 
exhibits no intense absorption in the ultra-violet region of the spectrum above 2200 a. 
This evidence suggests the constitution 3-hydroxy-6-keto-4 : 5-dimethoxycholestane (V) for 
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the compound, the mechanism of its formation from the dibromide being immediately 
apparent. Hydrolysis of the monobromide (III) with potassium hydroxide in alcohol 
yields non-crystallisable gums giving intense colorations with alcoholic ferric chloride, but 
the dimethyl ether (V) is obtained from (III) by the action of sodium methoxide in methyl 
alcohol. The formation of (V) in this case, although it can be represented as an addition 
of methyl alcohol to the ethylenic linkage of an intermediate monomethy]l ether, is not 
readily explicable, but it further emphasises the close relationship between the bromides 
(II) and (III). It was at first considered that the monobromide (III) might be represented 
by the structure (IIIa), but its reactions precluded this possibility. 

An attempt to regenerate the unsaturated ketone (I) from the monobromide (III) by 
reduction with zinc dust in acetic acid or alcoholic solution gave 3 : 3’-bis-(6-keto-A‘- 
cholestenyl) (VI), m. p. 257—258°, unaffected by alkaline hydrolysis, and exhibiting the 
typical ultra-violet absorption of an af-unsaturated ketone. The isolation of the same 
product under identical experimental conditions from 6-keto-3-acetoxy-A*cholestene (I) 
indicates its mode of formation and confirms its constitution. 

In an attempt to prepare 6-ketocoprostanyl acetate, a substance of considerable interest 
for stereochemical studies, the catalytic reduction of 6-keto-3-acetoxy-A*-cholestene has 
been studied. Unfortunately, reduction of the ethylenic linkage proceeds with loss of 
acetic acid, 6-ketocholestane (VII) (Windaus, Ber., 1920, 53, 489) being formed in the 
presence of hydrogen and palladium rather than the saturated diketone corresponding to (VI). 


EXPERIMENTAL. 


4 : 5-Dibromo-6-ketocholestanyl Acetate (II).—Solutions of 6-keto-3-acetoxy-A‘-cholestene 
(1-0 g.) in acetic acid (10 c.c.) and bromine in acetic acid (14-8 c.c.; 5%; 2 mols.) were rapidly 
mixed at 18°. 4: 5-Dibromo-6-ketocholestany]l acetate (1-0 g.) separated immediately, and was 
recrystallised by dissolving it in the minimum of cold ether, diluting with an equal volume 
of acetic acid, and adding water to cloudiness; the dibromide separated in plates, m. p. 
81—82° (decomp.). It is stable in air but readily decomposes in warm solution (Found: C, 
57-7; H, 7-4. Cy9H,,O,Br, requires C, 57-5; H, 7-7%). Light absorption in alcohol: Inflexion, 
3100 a., log « = 2-0. 

Conversion into 6-keto-3-acetoxy-A‘-cholestene (I). (a) The dibromo-acetate (0-5 g.) was added 
to a solution of potassium iodide (1 g.) in boiling acetone (15 c.c.), and the mixture boiled for 
1 minute, whereupon potassium bromide separated. The solution was rendered cloudy with 
water, and on cooling, 6-keto-3-acetoxy-A‘-cholestene crystallised out in quantitative yield, 
m. p. 110°, unaltered on admixture with an authentic specimen. 

(b) A solution of the dibromo-acetate (0-5 g.) in anhydrous pyridine (7 c.c.) was heated under 
reflux for 24 hours. Precipitation with water yielded an oil which solidified, and after treatment 
with charcoal, several crystallisations from methyl alcohol furnished 6-keto-3-acetoxy-A‘- 
cholestene, m. p. 108°, not depressed on admixture with an authentic specimen. 

4-Bromo-6-keto-3-acetoxy-A‘-cholestene (III).—(a) To 6-keto-3-acetoxy-A‘-cholestene (4-4 g.) 
in ether (25 c.c.) at 18° a solution of bromine in acetic acid (40 c.c.; 4%; 1-0 mol.) was added 
dropwise, with stirring, during 10 minutes; decolorisation proceeded rapidly with evolution of 
- hydrogen bromide. The gum, isolated with ether, crystallised on boiling with methyl alcohol— 
acetone, and the solid (5-0 g.) m. p. 105°, on recrystallisation from methyl alcohol yielded 
4-bromo-6-keto-3-acetoxy-A‘-cholestene in large plates, m. p. 115—116° (Found: C, 66-6; H, 
8-4. C,.H,,O,Br requires C, 66-7; H, 8-4%). Light absorption in alcohol : Maxima, (a) 2450 a., 
loge = 3-9; (6) 3350 a., log ¢ = 2-3. The monobromide did not react with potassium acetate 
in acetic acid during one hour at 100°, with potassium acetate in boiling alcohol during 12 hours, 
or with silver nitrate in pyridine at 20° during 48 hours. 

(6) A solution of 4: 5-dibromo-6-ketocholestanyl acetate (400 mg.) and fused potncbiinas 
acetate (1-0 g.) in acetic acid (15 c.c.) was heated under reflux for 50 mins. The semi-solid 
residue precipitated by addition of water, on crystallisation from aqueous alcohol, gave 4-bromo- 
6-keto-3-acetoxy-A‘-cholestene, m. p. 115—116° (100 mg.), identical with the specimen prepared 
by method (a). 

(c) On boiling a solution of the dibromo-acetate (1-0 g.) in dry ether (25 c.c.) a vigorous 
evolution of hydrogen bromide occurred. Addition of acetic acid and precipitation with water 
gave an oil, which crystallised from alcohol—acetone, giving 4-bromo-6-keto-3-acetoxy-A‘- 
cholestene (300 mg.), m. p. 114—115°, not depressed by admixture with an authentic specimen. 
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6-Keto-3-acetoxy-A*' *-cholestadiene (IV).—4-Bromo-6-keto-3-acetoxy-A‘-cholestene (100 mg.) 
in anhydrous pyridine (5 c.c.) was heated under reflux for 7 hours. Crystallisation was effected 
by careful addition of water, and after two recrystallisations from methyl alcohol, 6-keto-3- 
acetoxy-A*‘-cholestadiene (30 mg.) separated in pale yellow needles, m. p. 139—140°, identified 
by mixed m. p. with authentic specimen. 

3-Hydroxy-6-keto-4 : 5-dimethoxycholestane (V).—(a) A solution of sodium methoxide in 
methyl alcohol (12-5 c.c.; 10%) was added to one of 4-bromo-6-keto-3-acetoxy-A‘-cholestene 
(1-1 g.) in methyl alcohol (75 c.c.) and the mixture set aside at 20° for 18 hours. Addition of 
dilute acetic acid (60 c.c.; 20%) and scratching produced a flocculent solid which, after being 
washed with water was crystallised from aqueous methyl alcohol; 3-hydroxy-6-keto-4 : 5- 
dimethoxycholestane (225 mg.) separated as a felt of fine needles, m. p. 149—150°. It sublimes 
without change at 155°/10-* mm., but the m. p. gradually falls on keeping (Found: C, 75-6; H, 
10-5; OMe, 12-3. C,,H,,O, requires C, 75-3; H, 10-9; OMe, 13-6%). The monobenzoaie, 
prepared with benzoyl chloride in pyridine at room temperature, separated from methyl alcohol 
in octagonal tablets, softening at 126°, m. p. 129—130° (Found: C, 76-7; H, 9-8. C,,H;,0; 
requires C, 76-3; H, 9-6%). 

(6) A solution of 4 : 5-dibromo-6-ketocholestanyl acetate (500 mg.) in methyl alcohol (25 c.c.) 
was treated with a solution of sodium methoxide in methyl alcohol (10 c.c.; 5%) and set aside 
for 20 hours at 20°. The yellow solution was acidified with dilute acetic acid (10%), and a 
flocculent precipitate separated. Crystallisation from aqueous methyl alcohol gave 3-hydroxy- 
6-keto-4 : 5-dimethoxycholestane, m. p. 146—147°, not depressed by admixture with a specimen 
prepared by method (a). 

3 : 3’-Bis-(6-keto-A‘-cholestenyl) (V1).—(a) 4-Bromo-6-keto-3-acetoxy-A‘-cholestene (900 mg.) 
in acetic acid (25 c.c.) was heated at 100° for 15 minutes with zinc dust (4 g.). The cooled 
solution was filtered, diluted with water, and the precipitated oil isolated with ether. The 
solution of the oil in methyl alcohol gradually deposited crystals (150 mg.) which, after two 
recrystallisations from methyl alcohol—chloroform, yielded the compound (V1) in lustrous plates, 
m. p. 257—258° [Found: C, 84-6; H, 11-1; M, 730. C,,H,,O, requires C, 84-5; H, 11-3%; 
M (Rast), 766). Light absorption in alcohol: Maxima, (a) 2440a., log « = 3-6; (b) 3140a., 
log ¢ = 1-7. 

(b) A. solution of 4-bromo-6-keto-3-acetoxy-A‘-cholestene (200 mg.) in absolute alcohol was 
added to zinc dust (2 g., treated with ammonium chloride and dried), and the mixture heated 
under reflux for 14 hours. The hot solution was filtered, and the compound which separated on 
cooling (20 mg.), m. p. 257—258°, was identical (mixed m. p.) with that prepared by method (a). 

(c) A hot solution of 6-keto-3-acetoxy-A‘-cholestene (0-9 g.) in acetic acid (25 c.c.) was treated 
with zinc dust (4 g.) at 100° for 40 mins. The oil isolated by ether gave 200 mg. of the same 
compound as above; m. p. and mixed m. p. 256—258°. 

6-Ketocholestane (VII). —A solution of 6-keto-3-acetoxy-A‘-cholestene (1-5 g.) in ether (100 
c.c.) was shaken with palladium-black (200 mg.) and hydrogen for one hour, 1 mol. of the gas 
being absorbed. The catalyst was removed, and evaporation of the solvent yielded a gum, 
smelling strongly of acetic acid, which crystallised in contact with methyl alcohol. Several 
recrystallisations from the latter solvent gave 6-ketocholestane in clusters of fine needles, m. p. 
97—98°, not depressed in admixture with an authentic specimen (Found: C, 83-8; H, 11-9. 
Calc. for C,,H,,O0: C, 83-8; H, 12-0%). 


We are indebted to Professor I. M. Heilbron, D.S.O., F.R.S., and Dr. F. S. Spring for their 
interest and encouragement, and we thank the Rockefeller Foundation for a grant. 
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265. Reactions of aB-Unsaturated Cyclic Aldehydes and Ketones. Part 
II. Absorption Spectra of Typical Compounds and their Dihydro- 


derivatives. 
By R. G. Cooke and A. KILLEN MACBETH. 


Quantitative measurements of the absorption spectra of a series of «f-unsaturated 
cyclic carbonyl compounds show that the substances have two maxima of absorption, 
one of comparatively low intensity in the region 3120—3190 a., the other of high 
intensity in the region 2260—2355 a. The former is due to the carbonyl group in- 









[1938] af-Unsaturated Cyclic Aldehydes and Ketones. Part II. 1409 


* 
fluenced by the double bond, C—C-CO, and the latter to the ethenoid linkage 
* 
influenced by carbonyl, C—C-CO. In the case of phellandral with its conjugated 


* 
aldehyde group, the intensity of the C—C-CO band is 8—11 times greater than is 
observed in the ketones examined. 
The absorption spectra of cuminal and cuminic acid are respectively in good agree- 
ment with the data of typical aromatic aldehydes and acids. 


ALTHOUGH much attention has already been directed to the study of the absorption spectra 
of aldehydes and ketones, it was considered of interest to examine the maxima of «6- 
unsaturated cyclic compounds and their saturated analogues. Work in progress on the 
eucalyptus oils made phellandral, piperitone, and cryptone * available; and the corres- 
ponding dihydro-derivatives may be obtained by catalytic reduction. This series was 
supplemented by carvone and carvomenthone; and data recorded for carvenone (Lowry 
and Lishmund, J., 1935, 1313) and pulegone (Lowry, Simpson, and Allsopp, Proc. Roy. 
Soc., 1937, A, 163, 483) are referred to, as these materials were not available. The relative 
positions of the ethenoid linkage and the carbonyl group in the substances under dis- 
cussion are seen in the accompanying formule. 


CHO Me Me. : Me 
C ¢H 


¢ 
Gwe Gy Ga, 
CH, CO 


‘ft 
be 


Piperitone. 


Dihydrophellandral. Menthone. Carvomenthone. Dihydrocryptone. Carvenone. 


Of the materials used in the work, attention need only be directed to phellandral and 
its dihydro-derivative. The former was obtained by repeated crystallisation of a semi- 
carbazone prepared from a carefully fractionated sample of the aldehyde, followed by 
regeneration of phellandral; this had [«] —160-2°, which is considerably higher than any 
value we have been able to trace in the literature. The dihydrophellandral was con- 
veniently prepared by catalytic hydrogenation of phellandral using palladised charcoal ; 
its physical properties are recorded in the experimental part, but its fuller characterisation 
will be described in another context. 

The absorption spectra of the aldehydes and ketones are shown in Figs. 1—4, and. the 
locations of the maxima observed with their intensities are set out in Table I, together v=th 
data previously recorded. 

The simple ketone, acetone, has a well-defined band which Lowry and Lishmund 
(loc. cit.) located at 2775 A. with a molecular extinction coefficient of 13-0. Ley and 
Arends (Z. physitkal. Chem., 1931, 12, B, 32) gave the position of the maximum as 2750 A., 
and showed the presence of a second band at 1870 A., which is outside the region ordinarily 
examined. In the saturated cyclic ketones one may therefore expect two maxima of 


* The name cryptone is, for convenience of reference, now applied to 4-isopropyl-A?-cyclohexen-1l-one, 
formerly erroneously called cryptal. 
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Fic. 1. Fic. 2. 


2250 «2500 2750 X00 3250 3500 37530 2150 2500 2750 wt 3250° 3500 3750 
A,A A. 


I. Piperitone in alcohol ————— I. Carvone in alcohol 

II. Piperitone in hexane II. Carvone in hexane 
III. Menthone in alcohol —————— III. Carvomenthone in alcohol 
IV. Menthone in hexane IV. Carvomenthone in hexane 


In alcohol. In hexane. 
Substance. oA. loge. Aux, A. loge. Amex. A- loge. Amsx,A-. loge. 
(a) Unsaturated. 
Piperitone , 3190 
Carvone »4- 3175 2295 4-28 3318 1-56 
Cryp . 3140 2201 4-22 3216 1-36 


‘7 2253 4-25 3330 1-54 

6 

5 
Phellandral . 3125 6 indefinite 3080 2-41 

6 

6 


Pulegone ° 3240 (Lowry, Simpson, and Allsopp) 
Carvenone 3119 (Lowry and Lishmund) 


(b) Saturated. 
Menthone 1-40 2869 1-38 — — 2924 1-37 
Carvomenthone — 2834 1-43 -— — 2861 1-37 
Dihydrocryptone . 1-26 2830 1-24 —- — 2878 1-20 


Dihydrophellandral ... 1-86 2875 1-30 2505 1-82 2875 1-34 
Mesityl oxide 4-15 3135 1-86 (Ley and Wingchen) 
Citral 4-61 3220 1-99 (Bielecki and Henri) 


comparatively low intensity, with a possible modification in their location. The band 
of shorter wave-length may thus be brought within the region ordinarily examined. 
Reference to the graphs and the records in Table I will show that this is realised in the case 
of the saturated cyclic ketones, a maximum in alcoholic solution in the region 2830— 
2875 a. being found in every case. A second band of shorter wave-length is also found 
in the case of menthone and dihydrophellandral and is clearly indicated in the case of 
dihydrocryptone; but in the case of carvomenthone it was too ill-defined to warrant any 
readings being taken. The results now recorded for the band of longer wave-length of 
menthone and carvomenthone are in good agreement with those of Lowry and Lishmund 
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Fic. 3. Fie. 4. 


oe ea a: an, FO ey ee eS 
A. 








. Cryptone in alcohol I. Phellandral in alcohol 
. Crypione in hexane II. Phellandral in hexane 
. Dthydrocryptone in alcohol ————— III. Dihydrophellandral in alcohol 
. Dihydrocryptone in hexane IV. Dihydrophellandral in hexane 


4- 


25 


> 


19 
13 


0-7 


0-7 
2200 =—2500 as 3100 §=©3400 
A: 
Cuminaldehyde in hexane 
Cuminic acid in alcohol 


(loc. cit.); and Marchlewski and Wyrobek (Bull. Acad. polonaise, 1929, A, 93) have re- 
corded two maxima of equal intensity at 2350 and 2890 a. for menthone, 
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In the open-chain «$-unsaturated ketone, mesityl oxide, two maxima are also recorded 
(Ley and Wingchen, Ber., 1934, 67, 501), but whilst one of these, at 3135 A., is of low in- 
tensity (log ¢, 1-86), the other, at 2348 a., has a high extinction coefficient (log ¢, 4-15). 
Morton, Hassan, and Calloway (J., 1934, 897) reviewed the behaviour of a large number of 
substances containing both an ethenoid linkage and a carbonyl group, and concluded 
that the different energy levels characteristic of the carbonyl group are approximately the 
same as those characterising the ethenoid linkage, but in the case of an electron under 
the joint control of both carbon and oxygen the molecular extinction is low, whereas if the 
electron responsible for the band forms part of the C—C linkage, the molecular extinction 
coefficient will be of the order 108—105. In the case of mesityl oxide, the band of longer 
wave-length is therefore associated with the carbonyl group influenced by its conjugation 


with the ethenoid linkage, and conveniently represented by c=C-CO: whereas the band 
of high intensity is attributed to the ethenoid linkage influenced by the carbonyl group, 


* 
C—C-CO. 

In piperitone, phellandral, cryptone, and carvone the results are closely parallel to 
those recorded for mesityl oxide and may be attributed to the same centres of, electronic 
vibration. Pulegone, which has recently been examined by Lowry, Simpson, and Allsopp 
(loc. cit.), also shows two bands similarly located and of corresponding intensities. The 
piperitone results for the band of longer wave-length are also in agreement with those pre- 
viously recorded (Lowry and Lishmund, /oc. cit.; Walker and Read, J., 1934, 240). Atten- 
tion may here be directed to the maxima found for phellandral. Although these are simi- 


* 
larly located to those shown by the ketones, the intensity of the C—C-CO band is 
markedly greater. This is doubtless a feature of the conjugated aldehyde group, and some 
support for this view is found on comparing mesityl oxide and citral (Bielecki and Henri, 
Ber., 1914, 47, 1715), the latter having a log ¢ value of approximately 2 compared with 


*” 

log ¢« of 1-86 in the former (C—C-CO band). A further point in which the aldehyde 
group differs from the keto-compounds is found in the absorption of the saturated de- 
rivatives. In dihydrophellandral the two bands are found much closer together, one being 
well-defined and of higher intensity than usual, and the other appearing as a marked 
inflexion. In the cyclic saturated ketones, however, the bands, where measurement 
has been possible, are of like intensity and do not show the same displacement. 

The spectra of cuminaldehyde and cuminic acid were also examined, although not re- 
lated to the main work. The results (Table II) show that these agree with data already 
established for typical simple aromatic compounds. 


TABLE II. 
Acid. Awan, Ac log «. , we © log e. 
Benzoic 2270 4-15 ae — 
o-Toluic . 2290 4-09 2750 3-34 
m-Toluic .... 2310 4:13 2788 3-20 
p-Toluic .... 2360 4-18 No clear maximum 
Cuminic 2380 4-20 2700 2-72 






































Amax.» A. log «. Amex., A. log «. Amaz., A. log «. 

DORR sc ceccccscccccciosons 2415 4-21 2785 3-06 3200 1-73 
DOMGRINON IGS 600 ccvcccscccvcsessessss 2440 4-21 2805 3-21 3280 1-31 
4-26 2800 3-16 3280 1-54 
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EXPERIMENTAL. 


Phellandval.—A sample of phellandral, [«]??” — 140-8°, isolated from the oil of E. cneorifolia 
was converted into the semicarbazone which, after repeated crystallisation from alcohol, was 
obtained as small needles, m. p. 204—205°. The purified semicarbazone (20 g.) was added 
to sulphuric acid (250 c.c., 10%) and steam-distilled in a current of nitrogen. The distillate 
was extracted with ether, the extract dried, the solvent removed, and the phellandral distilled 
under reduced pressure, all operations being carried out as far as practicable in the presence 
of nitrogen. The purified material (8 g.) had b. p. 75°/1-5 mm.; nj’ 1-4897; a} — 151-3° 
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(homogeneous, 1 dm.). The last value, which corresponds to a specific rotation of — 160-2°, 
is much higher than the values hitherto recorded for the aldehyde. 

Dihydrophellandral.—This was prepared by the catalytic reduction of phellandral. The 
aldehyde (50 g., [«]p — 140-8°), when dissolved in absolute alcohol (450 c.c.) containing pallad- 
ised charcoal (6 g.), readily absorbed approximately 7500 c.c. of hydrogen at 16° and 765 mm. 
After filtration and removal of the solvent, the residual oil when fractionated gave a yield of 
some 87% of the saturated (inactive) aldehyde, b. p. 68—69°/3 mm.; mJ 1-4608. Part of 
the product was converted into the semicarbazone, which on repeated recrystallisation from 
alcohol had m. p. 172—173°. The purified semicarbazone (17 g.) when mixed with sulphuric 
acid (200 c.c., 10%) and steam-distilled gave, when worked up as described above, the pure 
saturated aldehyde (8 g.) having b. p. 61-5°/1-5 mm., n}” 1-4572. 

Cryptone.—The ketone isolated from the oil of E. cneorifolia (Berry, Macbeth, and Swanson, 
J., 1937, 987) was subjected to further purification by repeated crystallisation of the semi- 
carbazone from ethyl alcohol (m. p. 188°) and regeneration of the ketone as described above. 
The product so obtained had aj” — 42-7° (homogeneous, 1 dm.), indicating that partial racemisa- 
tion had occurred during the process (cf. Galloway, Dewar, and Read, J., 1936, 1595). This 
behaviour is in marked contrast to that of phellandral recorded above. The regenerated 
ketone had b. p. 63—64°/1-3 mm. 

Dihydrocryptone, prepared by the catalytic hydrogenation of the above ketone (Cahn, 
Penfold, and Simonsen, J., 1931, 1366; Berry, Macbeth, and Swanson, Joc. cit.), was converted 
into the semicarbazone, which was repeatedly crystallised (m. p. 188—189°). The regenerated 
saturated ketone had b. p. 55°/1-2 mm., n#* 1-4560, and was inactive. 

Carvone.—A carefully fractionated sample of carvone was further purified by conversion 
into the hydrosulphide (see J., 1934, 1147), from which the ketone was regenerated by the 
action of alcoholic potassium hydroxide followed by steam-distillation. The regenerated 
carvone had b. p. 71°/1-3 mm., 3° 1-4970, al8* + 54-6°. 

Carvomenthone was obtained in satisfactory yield by the catalytic hydrogenation of carvone 
(42 g.) in absolute alcohol (350 c.c.) in the presence of palladised charcoal (6 g.). The amount of 
hydrogen absorbed was approximately 13-51. at 17° and 750mm. The first 81. of hydrogen were 
rapidly taken up, but thereafter the reaction was slow and was only completed after the lapse 
of some 8 hours. After filtration, drying with sodium sulphate, and removal of the alcohol, 
the residual oil when distilled gave a main fraction (28 g.), b. p. 87—89°/9 mm., and had 3” 
1-4568, a» — 13° (homogeneous, 1 dm.) (cf. Read and Johnson, J., 1934, 229). After conversion 
into the semicarbazone and regeneration of the ketone, the spectroscopic sample was obtained 
having b. p. 58-5°/1-2 mm., nj 1-4523, aif — 15°. 

Piperitone.—A sample of piperitone from the oil of E. dives was purified through the semi- 
carbazone (Read and Smith, J., 1922, 121, 1867; Walker and Read, J., 1934, 239). The puri- 
fied ketone had b. p. 71°/1-3 mm., n% 1-4820. 

Menthone.—A commercial specimen (Fraenkel and Landau) of menthone after fractiona- 
tion was converted into the semicarbazone, and the ketone regenerated and distilled under 
reduced pressure. The main fraction collected had b. p. 52-5°/1-4 mm., nj 1-4475. 

Cuminal.—An inactive sample of cuminal from E. cneorifolia oil was further purified for 
spectrophotometric work in order to ensure absence of cuminic acid. The process involved the 
formation of the bisulphite compound, the regeneration of the aldehyde, and its careful frac- 
tionation in an atmosphere of nitrogen. The specimen had b. p. 89°/6 mm., 2?” 1-5301, dj§3- 
0-9825, and was inactive. 

Cuminic Acid.—The acid was prepared by atmospheric oxidation of pure cuminal in the 
light of the mercury lamp. The crude product was extracted from ethereal solution by sodium 
carbonate, and the acid recovered on acidification of the extract was recrystallised three times 
from methyl alcohol. 


We are indebted to the Commonwealth Government. for a Federal Research Grant which 
enabled one of us (R. G. C.) to take part in the work. We also thank Dr. F. L. Winzor for 
carrying out some of the catalytic reductions. 
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266. The Halogenation of Phenolic Ethers and Anilides. Part IX. 
The Influence of Fluorine and of Alkyl Groups. 


By BRYNMOR JONES. 


Earlier papers in this series (e.g., J., 1928, 1006; J., 1935, 1831, 1835) have recorded 
the velocities of chlorination at 20° of several series of aromatic ethers of the general 
type o- and #-C,H,X-OR, where R was usually an alkyl or substituted-benzyl group 
and X a polar substituent. Two such substituents were chlorine and bromine. In 
view of the interest attaching to the relative influence of the halogens on the reactivity 
of organic compounds, velocity coefficients are now reported for eleven ethers where 
X is a fluorine atom, and, in the ~-halogeno-series, it is found that the reactivities of 
analogous ethers are in the ratio F:Cl: Br = 191: 100:103. Similar velocity 
measurements have been made for three #-fluoro-anilides. 

The influence of alkyl substituents in the benzyl radical on the velocity of chlorin- 
ation of ethers of the types C,H,X-O-CH,°C,H,Alkyl and C,H,X- O-CH, *C,H;Me, 
(where X is F or Cl) has also been investigated. The velocities decrease in the order 
2: 4-Me, > 3: 4-Me, > p-alkyl, the influence of Me, Et, Pr’ and Bu” as p-substituents 
being identical. 


THE comparative velocities of chlorination now determined are recorded in Tables I and 
II. The measurements were carried out by the method employed in previous papers, and 
the velocity coefficients calculated from the usual expressions for a bimolecular reaction, 
the unit of time again being minutes. 


TABLE I. 


Velocity coefficients for the chlorination of substances of the types o- and #-C,H,X-OR 

in 99% acetic acid, at 20°. 
[Cl,] = 0-0075; [ether] = 0-0225; [HCl] = 0-0375. 

X= pF; R= . X=oF;R= &. X=pCl; R= k& X=o0Cl; R= hk. 
CH,Ph . : 3-61 CH,Ph 0-837 p-C,H,Me‘CH, 4-21 
p-C,H,Me-CH, CH, 491 p-CH Me CH, 1-165 -C.H,Et-CH, 4-23 
p-C HEE: - > ~-C,H,BrCH, 2-09 1:16 -C,H,Buy-CH, 4-21 
p-C,H,Cl-CH, . p-C,H,(NO,)°CH, 0-771 CoH Pb A 119 m- CH t.Me- CH, 4:35 
p- “> *H «Br CH, . 
CH(CH, ‘ 10-5 3: 4-C,H,Me,CH, 1-95 


TABLE II. 


Velocity coefficients for the chlorination of substances of the type p-C,H,F*-NHAc 
in 99% acetic acid, at 20°. 
[Cl,] = 0-02; [HCI] = 0-0475. 


Concn. of anilide . 0-04 0-06 
Mol. proptn. of anilide 2 3 
Ac = CH,°CO . 0-386 0-410 


0-196 0-201 


Discussion of Results.—The existence of the same additive relationships for the present 
series of ethers as for those investigated in earlier papers was anticipated from their struc- 
tural similarity; and this is confirmed by the velocity ratios given in Tables III and IV, 
where a number of ratios recorded in Part VI are included for comparison. 

Fluoro-ethers and -anilides. Comparison of the new data for the rates of chlorination 
of fluoro-ethers and -anilides with those given in previous papers for the corresponding 
chloro- and bromo-compounds gives several new ratios, and shows (1) that #-fluoro- and 
p-chloro-anilides undergo chlorination at almost identical rates, (2) that for o-halogeno- 
ethers the ratio of F : Cl: Br is 432 : 370 : 436, and (3) that the corresponding ratio for 
p-halogeno-ethers is 191: 100: 103. It is clear from these ratios that the relative effects 
of the three halogens are different in the three series examined. In the first two series, 
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TABLE III. 
Relative directive powers of the groups C,H,A°CH,°O in compounds of the types 
CH ACH OK >X and CyHACH OK >. Values of LOOKQ#Ct# 1,003? 
xX 

p-Me. -Et. -Pr®&. -Buy. p-F. . p-Br. p-NO,. 

141 138 — — — 58 20-8 
139 139 143 138 81 58 20-8 
138 _ _— -- —— 20-8 
136 — -- — 58 21-3 
140 141 140 83 — 21-4 
—  — — — 21-0 


TABLE IV. 


Relative influences of F, Cl, Br in compounds of the types o- and #-C,H,X-OR. Values 
of 100k¢*/R2S,. 

o-F. . o-Cl, p-Br. o-Br. 

431 — 102 — 
p-C,H,Me-CH, 421 360 100 —e 
p-C,H,Et-CH, — 364 eemead —_— 
~-C,H,Bu”-CH, — 365 ~ ats 
~-C,H,F-CH, — 368 -_ oni 
p-C,H,CI-CH, — 381 106 441 
~-C,H,Br-CH, 432 383 an we 
p-C,H,(NO,)*CH, 443 369 102 431 


however, difficulties of interpretation arise owing to (a) basicity in the orienting acetamido- 
group, and (b) the fact that in the o-halogeno-ethers two positions are available for substitu- 
tion, and consequently, for a complete and satisfactory interpretation of the velocity data, 
knowledge of the rate of entry at each position would be essential. In the #-halogeno- 
ethers, on the other hand, uncertainties of interpretation are avoided since chlorination 
occurs only in the o-position to the group OR. The greater facilitation of nuclear chlorin- 
ation by fluorine in this series, as shown by the ratio 191 : 100 : 103 for F : Cl: Br, shows 
that it is, in effect, far less powerfully electron-attractive than either chlorine or bromine. 

Influence of alkyl groups. The data recorded in Table I are confined to the influence of 
various alkyl substituents in the benzyl radical on the rates of chlorination of ethers of the 
type C,H, X-O-CH,°C,H,Alkyl and C,H,X*O-CH,*C,H,Meg, where X is fluorine or chlorine. 
That the introduction of a methyl group into the benzyl radical increases the velocity of 
substitution in accordance with its known inductive effect was shown in Part VI, the 
directive power of the benzyloxy-group being increased from 100 to 148, 151, and 140 
by an o-, m-, and #-methyl substituent respectively. For other alkyl groups the present 
data show (1) that all alkyl substituents increase the velocity of chlorination, and that 
with a single p-alkyl substituent this increase is identical for the four groups Me, Et, 
Pr®, Bu’; (2) that the introduction of a second methyl group into the benzyl radical 
produces a further increase in the reactivity, this being very marked in the 2: 4- 
dimethylbenzyl ether, which undergoes chlorination approximately 2-5 times as fast as the 
3:4-isomer. The exact magnitude of this difference in the reactivity of the two isomeric 
dimethylbenzy] ethers is a little uncertain, since the velocity coefficients for the 2:4-dimethyl 
ether show a small upward drift, and are therefore less trustworthy than those for other 
ethers (cf. experimental section). 

The influence of the various alkyl substituents on the directive power of the benzyloxy- 
group may be summarised as follows : 


H. o-Me. m-Me. p-Me. p-Et. p-Pr®, p-BuY. 2:4-Me, 3: 4-Me,. 
100 148 151 140 139 143 139 577 233 


The effects of alkyl groups are, in general, so much alike that it is not surprising that in 
the present system all #-alkyl substituents should influence the velocity of chlorination 
to the same degree. 
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EXPERIMENTAL. 


Velocity Measurements.—The method of determining the velocity coefficients and the 
precautions taken to ensure accurate values were the same as in previous papers. Each ether 
was crystallised at least thrice from ethyl alcohol or glacial acetic acid, and the following random 
selection of examples illustrates the constancy, after further purification, of the mean values 
of the velocity coefficients in single experiments. (1) o-Fluorophenyl benzyl ether had k = 3-63 
and 3-58 after three crystallisations from ethyl alcohol, and k = 3-60 and 3-62 after two further 
crystallisations from the same solvent.. (2) o-Fluorophenyl p-nitrobenzyl ether, after two 
crystallisations from ethyl alcohol and one from glacial acetic acid, had & = 0-768, and after 
two additional crystallisations from ethyl alcohol, k = 0-774. (3) For p-fluorophenyl p-methy]l- 
benzyl ether k = 2-225 after four crystallisations from ethyl alcohol, and k = 2-23 after an 
additional crystallisation. 

To ensure that the experimental conditions were the same as in previous work, velocities 
of chlorination of two ethers, for which values have already been published, were redetermined, 
with the following results: -chlorophenyl p-methylbenzyl ether had & = 1-18, formerly 
1-15—the mean value 1-165 is ‘recorded in Table I, and is employed in calculating the values 
given in Table II—and the corresponding o-chloro-ether had the values 4-21 and 4-20 respectively, 

Materials.—o- and -Fluorophenol were prepared by the methods of Bennett, Brooks, 
and Glasstone (J., 1935, 1822): o- and p-anisidine were converted into o- and p-fluoroanisole 
(b. p. 156—158° and 174—175° respectively) by Balz and Schiemann’s method (Ber., 1927, 
60, 1186), and these in turn were demethylated by heating with anhydrous aluminium chloride. 
The o-fluorophenol had b. p. 151—153°, and the p-compound, after distillation, solidified ; 
m. p. 48° after two crystallisations from ligroin (b. p. 40—60°). 

p-Alkylbenzyl chlorides. p-Methylbenzyl chloride was obtained by chlorination of boiling 
p-xylene, the fraction of b. p. 180—200° being further fractionated under reduced pressure, 
and the specimen of b. p. 79—83°/15 mm. used for the preparation of the ethers. m-Methyl- 
benzyl chloride was prepared similarly from m-xylene. Since all the ethers were solids which 
were repeatedly crystallised, it was not necessary to purify the chlorides to a very high degree. 

p-Ethyl- and -isopropyl-benzyl chlorides were prepared from purchased specimens of 
ethyl- and isopropyl-benzene respectively by Sommelet’s method (Compt. rend., 1913, 157, 
1445), the procedure and yields of product being similar to those recorded by Baker and Nathan 
(J., 1935, 1844). Both chlorides were colourless liquids, and the specimens used in the 
preparations had b. p. 106—110°/15 mm. and 116—118°/22 mm., respectively. 

p-tert.-Butylbenzyl bromide. -tert.-Butyltoluene was prepared by Verley’s method (Buill. 
Soc. chim., 1898, 19, 67), and converted by direct bromination into p-tert.-butylbenzyl bromide. 
The colourless fraction, b. p. 130—133°/14 mm. (86 g. from 82 g. of toluene), was frozen thrice, 
and the final product was a white solid, m. p. 15°. 

2:4- and 3: 4-Dimethylbenzyl chlorides were also prepared by Sommelet’s method from 
m- and o-xylene respectively. The colourless fractions of b. p. 118—120°/13 mm. and 105— 
115°/13 mm., respectively, were employed. 

p-Chlorobenzyl chloride, prepared by chlorination of boiling p-chlorotoluene, had m. p. 
29° after crystallisation from (a) acetic acid, and (b) ligroin (b. p. 40—60°). »-Bromobenzyl 
bromide was prepared similarly by bromination of p-bromotoluene. 

The ethers were prepared by standard methods from the parent phenol and the appropriate 
benzyl chloride or bromide. 

p-Fluorophenyl Ethers.—The benzyl ether, prepared from p-fluorophenol, alcoholic potassium 
hydroxide, and benzyl chloride, crystallises from alcohol as colourless prisms, m. p. 55-5° 
(Found: C, 76-9; H, 5-4. C,3;H,,OF requires C, 77-2; H, 55%). The p-methyl- and the 
p-ethyl-benzyl ether crystallise similarly, m. p. 69° (Found: C, 77-5; H, 5-8. C,,H,,OF requires 
C, 77:75; H, 6-1%), and m. p. 65° (Found: C, 78-1; H, 6-5. C,;H,,OF requires C, 78-2; 
H, 6-6%), respectively. The p-chloro- and the p-bromo-benzyl ether also crystallise as colourless 
prisms, m. p. 58° (Found: C, 66-1; H, 4-2. C,,;H,,OCIF requires C, 66-0; H, 4-3%), and 
m. p. 66° (Found: C, 55-5; H, 3-7. C,;H,OBrF requires C, 55-5; H, 3-6%), respectively. 

The o- and p-nitrobenzyl ethers, prepared from commercially pure specimens of the correspond- 
ing nitrobenzyl chlorides and p-fluorophenol in sodium ethoxide, melt at 62° and 74-5° respect- 
ively after two crystallisations from acetic acid and one from alcohol (Found, for p-compound : 
C, 63-0; H, 4:0. Found, for o-compound: C, 62-9; H, 4-2. C,;H,,O,NF requires C, 63-2; 
H, 41%). 

* All micro-determinations by Dr. A. Schoeller. 
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The isopropyl ether, prepared from a specially purified sample of p-fluorophenol, alcoholic 
potassium hydroxide, and isopropyl bromide, had b. p. 73°/18 mm. (Found: C, 70-8; H, 7:3. 
C,H,,OF requires C, 70-1; H, 7:2%). 

o-Fluorophenyl Ethers.—The benzyl ether, after three crystallisations from ethyl alcohol, melts 
at 42° (Found: C, 77-3; H, 5-5. C,3;H,,OF requires C, 77-2; H, 5-5%). The p-methyl- 
(Found: C, 77-6; H, 5-9. C,,H,,OF requires C, 77-75; H, 6-1%) and p-bromo-benzyl ether 
(Found : C, 55-5; H, 3-6. C,,;H,,OBrF requires C, 55-5; H, 3-6%), both of m. p. 66°, crystallise 
from alcohol as colourless prisms. The p-nitrobenzyl ether crystallises as soft yellow prisms, 
m. p. 84:5° (Found: C, 63-1; H, 40%). 

p-Chlorophenyl Ethers—The p-methylbenzyl ether had m. p. 97° (cf. Part VI). The 
p-ethylbenzyl ether crystallises from alcohol as colourless prisms, m. p. 82-5° (Found: C, 72-8; 
H, 6-1. C,;H,,OCl requires C, 73-0; H, 6-1%). The p-isopropylbenzyl either (Found: C, 
73-8; H, 6-7. C, ,H,,OCl requires C, 73-7; H, 66%) and the p-tert.-butylbenzyl ether (Found : 
C, 74:2; H, 7-0. C,,H,gOCl requires C, 74:3; H, 7-0%) crystallise similarly; m. p. 79-5° 
and 92°, respectively. 

The 2: 4-dimethylbenzyl ether, m. p. 81°, crystallises well from ethyl alcohol (Found: C, 
73-2; H, 6-2. C,;H,,OCl requires C, 73-0; H, 6-1%). Unlike those of the other ethers 
examined, its velocity coefficient shows a steady rise of approximately 10% over the usual range 
of 35—60% change when equimolecular proportions of ether and chlorine are employed, and 
this discrepancy, although diminished, is not completely eliminated even with 3 mols. of ether. 
The cause of this upward drift in the velocity coefficient is unknown, but it is noteworthy that 
the 3: 4-dimethylbenzyl ether gives a satisfactory velocity coefficient under all conditions. 
It appears, therefore, that the drift observed with the 2 : 4-dimethyl ether is to be associated 
with the presence of a methyl] group in the o-position—a tentative suggestion is that the hydrogen 
of the methylene group is rendered reactive to chlorine. 

The 3: 4-dimethylbenzyl ether melts at 89° (Found: C, 73-0; H, 62%). 

o-Chlorophenyl Ethers ——The p-methylbenzyl ether crystallises from alcohol as colourless 
prisms, m. p. 76° (cf. Part VI), and the p-ethyl, m. p. 79° (Found: C, 73-2; H, 6-2%), and 
p-tert.-butyl, m. p. 63° (Found: C, 74:2; H, 6-9%), homologues crystallise similarly. The 
m-methylbenzyl ether was first obtained as a colourless liquid, b. p. 183°/13 mm., which deposited 
crystals on long standing, and these after three crystallisations from alcohol melt at 77° (Found : 
C, 72-2; H, 5-6. C,,H,,OCl requires C, 72-3; H, 5-6%). 

p-Fluoroaniline and p-Fluoro-anilides.—p-Nitroaniline was converted into -fluoronitro- 
benzene by Balz and Schiemann’s method (loc. cit.), the decomposition of the diazonium boro- 
fluoride being carried out according to Bennett, Brooks, and Glasstone (loc. cit.). The purified 
p-fluoronitrobenzene was then reduced by West’s method (J., 1925, 127, 494), and the resulting 
p-fluoroaniline had b. p. 184—186°. From this the following three anilides were prepared ; 
they were purified by repeated crystallisation from ethyl alcohol or glacial acetic acid: 
p-Fluoroacetanilide and benz-p-fluoroanilide melt at 152° and 184° respectively ; benzenesulphon- 
p-fluoroanilide melts at 110° (Found: C, 57-7; H, 4:3. C,,H,,O,NFS requires C, 57-4; 
H, 4:2%). ; 


The author thanks the Chemical Society for a grant. 


THE UNIVERSITY, SHEFFIELD. [Received, August 6th, 1938.] 





267. The Anhydromethylhexoside formed by the Alkaline Hydrolysis of 
2-p-Toluenesulphonyl Triacetyl B-Methylglucoside. Characterisation 
of 2:4: 6-Trimethyl Glucose. 


By W. H. G. LAKE and S. PEar. 


The crystalline dimethyl anhydromethylhexoside prepared by Haworth, Hirst, 
and Panizzon (J., 1934, 154) from 2-p-toluenesulphony] triacetyl 6-methylglucoside is 
now recognised as dimethyl 2 : 3-anhydro-8-methylmannopyranoside. Itis hydrolysed 
by sodium methoxide to form an equimolecular mixture of 2 : 4 : 6-trimethyl 6-methyl- 
d-glucoside and 3: 4: 6-tvimethyl B-methyl-d-aliroside. These products are separated, 
and the constitution of each is established by classical methods. The glucoside is a 
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crystalline solid, and it gives on hydrolysis 2: 4: 6-trimethyl glucose which is also 
crystalline. The physical properties of this trimethyl glucose are recorded. 

The results of this investigation provide corroboratory evidence of the correctness 
of the views, already expressed, concerning the course of alkaline hydrolysis of a 
sugar p-toluenesulphonate (Peat and Wiggins, this vol., p. 1088). 


It has been shown by Haworth, Hirst, and Panizzon (J., 1934, 154) that the removal of 
the ~-toluenesulphonyl group (by hydrolysis with sodium methoxide) from 2-/-toluene- 
sulphony]l 3 : 4 : 6-trimethyl 6-methylglucoside is not attended by a Walden inversion, the 
product being 3: 4: 6-trimethyl 6-methylglucoside. When, however, the corresponding 
2-p-toluenesulphony]l triacetyl 8-methylglucoside is treated with the same reagent under 
very mild conditions, all the acyl groups are removed and an anhydromethylhexoside is 
formed. This product was isolated as a crystalline dimethyl derivative. The view was 
expressed that the anhydro-ring most probably involved C, and Cs, and that its formation 
was accompanied by Walden inversion on C,. Evidence is now contributed which confirms 
this view and establishes the constitution of the crystalline anhydro-compound as being 


dimethyl 2 : 3-anhydro-8-methylmannopyranoside (I). 


When the dimethyl anhydromethylhexoside of Haworth, Hirst, and Panizzon is boiled 
with methyl alcohol containing sodium methoxide, the anhydro-ring is opened and a 
methoxyl group is introduced into the molecule. This product, therefore, has the com- 


position of a trimethyl methylhexoside, and is a mixture, in very nearly equal proportions, 
of a crystalline trimethyl methylhexoside (A) and an isomeric non-crystalline substance (B). 
The former (m. p. 71°) was transformed, by methylation with Purdie’s reagents, into cryst- 
alline tetramethyl 6-methylglucopyranoside, the identity of which was established from 
its constants, a mixed m. p. determination, and from its conversion by hydrolysis into 
crystalline tetramethyl «-d-glucopyranose. It is clear from these observations that sub- 
stance (A) is a derivative of d-glucose and has the pyranose structure. It follows that the 
original anhydromethylhexoside is also a pyranoside. The disposition of the methyl 
groups in the trimethyl methylhexoside (A) was determined as follows: Acid hydrolysis 
of the hexoside gave a crystalline trimethyl hexose (m. p. 115°), from which a non-cryst- 
alline lactone (V) was prepared by bromine oxidation. The mutarotation of this lactone 
in aqueous solution showed it to belong to the 8-series, a fact which suggests that a methoxy- 
group is situated at C,; were this not so, a y-lactone would have resulted. Treatment 
of the lactone with liquid ammonia yielded a crystalline amide (m. p. 100°), which, since 
it gave a negative Weerman test, was not an a-hydroxy-amide. It is evident that a methyl 
group is substituted at C,. Furthermore, since anhydro-§-methylmannoside condenses 
with benzaldehyde (Peat and Wiggins, this vol., p. 1088), it would seem that in the former 
substance the hydroxyl groups at C, and C, are not involved in the anhydride linkage, and 
it is reasonable therefore to suppose that the remaining methoxyl group in substance (A) is 
located at C,. The physical constants of substance (A) are identical with those quoted 
by Oldham (J. Amer. Chem. Soc., 1934, 56, 1360) for 2 : 4 : 6-trimethyl 8-methylglucoside 
II). 
' he syrup (B) was investigated by a similar procedure, and allowance was made for the 
fact that it contained a small amount of the trimethyl methylglucoside. By methylation 
of (B) and hydrolysis of the methylated product, a tetramethyl hexose was obtained as a 
mobile syrup. Oxidation of this hexose with nitric acid gave a mixture of d-arabo-tri- 
methoxyglutaric acid (VII) and /-dimethoxysuccinic acid (VIII), which were characterised 
as the methylamides. These acids, occurring together, could have been derived only from 
tetramethyl d-altropyranose (VI). A little t-xylotrimethoxyglutaric acid was also formed, 
but this undoubtedly arose from the tetramethyl glucose with which the tetramethyl 
altrose was contaminated. 

Hydrolysis of the hexoside (B) gave a trimethyl hexose from which a further small 
quantity of trimethyl glucose was separated. The remaining syrup, which was almost 
pure 3 : 4: 6-trimethylaltrose, gave, on oxidation with bromine, a /actone which behaved in 
aqueous solution as a typical 8-lactone ([«]}” — 9-6°, changing to a constant value, + 10-8°, 
in 24 hrs.). In the trimethyl altrose, therefore, it would appear that the hydroxyl at C, 
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is protected by a methyl group. The 8-lactone was converted in the usual way into a } 
non-crystalline amide, which gave a positive Weerman test and was therefore an «-hydroxy- 
amide. The conclusion drawn from these observations is that the principal constituent 
of the syrup (B) is 3: 4 : 6-trimethyl 8-methyl-d-altropyranoside (III). 
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From the evidence previously discussed, it is known that in the dimethyl anhydro- 
methylhexoside, C, and C, carry methoxyl groups, and since the altrose derivative is sub- 
stituted by methoxyl at C, and the glucose derivative at C,, it is clear that in the dimethyl 
anhydromethylhexoside from which they originated the anhydro-bridge is formed between 
C, and Cs. In the paper of Peat and Wiggins (loc. cit.), a dimethyl 2 : 3-anhydro-8- 
methylhexoside is described which is not identical with that under discussion and to which 
a d-allose configuration was assigned (IX). If the view therein expressed is correct, it is 
clear that the product from 2--toluenesulphonyl 8-methylglucoside must be a derivative 
of d-mannose and is represented by (I). The obvious inference is that if, in the formation 
of an anhydro-sugar by the hydrolysis of a toluenesulphonate, Walden inversion occurs, 
the carbon atom involved in the inversion is that carrying the toluenesulphony] group. 

The formation in equal quantities of the methylglucoside (II) and the methylaltroside 
(III) demonstrates that cleavage, under the action of sodium methoxide, of the anhydro- 
ring of dimethyl 2 : 3-anhydro-$-methylmannoside (I) takes place with equal facility on 
either side of the oxygen atom. When the break occurs at (a), it is accompanied by Walden 
inversion on C,, to which the methoxyl group becomes attached, and (II) is formed. A 
similar change takes place on C,; when the anhydro-ring opens at (6) and the altroside (III) 
is produced. The same sequence of events is observed when dimethyl 3 : 4-anhydro-- 
methylalloside is treated with sodium methoxide (Peat and Wiggins, Joc. cit.). 










EXPERIMENTAL. 


4: 6-Dimethyl 2: 3-Anhydro-B-methylmannoside.—2-p-Toluenesulphonyl 3: 4: 6-triacetyl 
6-methylglucoside was deacetylated, and the resulting anhydromethylhexoside methylated 
according to the procedure of Haworth, Hirst, and Panizzon (loc. cit.). The dimethyl anhydro- 
8-methylhexoside so prepared was identical with that obtained by these authors; m. p. 69°; 
(a]5° + 24° in water. It separated in long needles from ether-light petroleum. 

Alkaline hydrolysis of the dimethyl anhydro-B-methylmannoside. The crystalline material 
42Z 
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(2-68 g.) was boiled, under reflux, with.a 5% solution of sodium in methyl alcohol (40 c.c.) for 
20 hrs. The solution, after cooling, was diluted with water and extracted repeatedly with 
chloroform. Evaporation of the dried chloroform solution left a syrup which distilled at 
95°/0-03 mm.; yield, 2-8 g. On keeping, the distillate partly crystallised. By repeated 
crystallisation from dry ether-light petroleum, the mixture was separated into a crystalline 
product (A) (1-13 g.) and a non-crystalline fraction (B) (1-47 g.). Analysis showed both (A) 
and (B) to be trimethyl methylhexosides. In a second experiment, 3-5 g. of the dimethyl 
anhydro-f-methylmannoside gave 1-90 g. of (A) and 1-97 g. of (B). 

2:4: 6-Trimethyl 8-Methylglucopyranoside.—The crystalline fraction (A) separated from 
dry ether-light petroleum in long needles, m. p. 71°; [a]? —27-0° in chloroform (c, 2-6) (Found : 
C, 50-9; H, 8-6; OMe, 52-2. Calc. for CygH.0,: C, 50-8; H, 8-5; OMe, 52-5%). 

Methylation. Fraction (A) (0-45 g.) was methylated by three treatments with the Purdie 
reagents. The product distilled at 75°/0-08 mm. as an oil (n}%° 1-4400) which crystallised 
immediately, and was shown to be tetramethyl 8-methylglucopyranoside. After recrystallis- 
ation from light petroleum, it had m. p. 38—39° (alone or in admixture with an authentic 
specimen), [«]?”” —17-1° in water (c, 2-4) (Found : OMe, 61-6%). 

The fully methylated glucoside (0-25 g.) was hydrolysed by heating in a boiling water-bath 
with 7% hydrochloric acid (20 c.c.) for 4 hrs. After neutralisation with barium carbonate, the 
product was extracted with chloroform and shown to be tetramethyl «-d-glucopyranose, m. p. 
87° (alone or in admixture with an authentic specimen) ; [«]?”” +93-0° —> + 84-0°, equilibrium 
value in water (c, 1-4) (Found: OMe, 52-3%). Yield, quantitative. 

Hydrolysis. The trimethyl methylglucoside (A) (1-65 g.) was hydrolysed by heating with 
7% hydrochloric acid for 3 hrs. The trimethyl glucose, isolated in the usual way, separated 
from ether in colourless needles (1-40 g.), shown below to be 2 : 4 : 6-trimethyl «-glucopyranose, 
m. p. 115°; [a]? +98-2° —-» +74-8°, equilibrium value in water (c, 3-38) (Found: C, 48-7; 
H, 8-2; OMe, 41-8%. Calc. for C,H,,0,: C, 48-7; H, 8-1; OMe, 41-9%). 

Oxidation of the trimethyl glucose. The crystalline substance (0-7 g.) was oxidised by treat- 
ment in aqueous solution (3 c.c.) with bromine (1 c.c.) at room temperature until the reducing 
power re-ched a minimum value (36 hrs.). The excess bromine was removed by aeration, the 
solution xcutralised with silver carbonate, silver ions removed with hydrogen sulphide, and the 
solution evaporated to dryness. After being heated at 100° for 3 hrs. in a vacuum (to complete 
lactonisation), the residue was extracted with ether. Evaporation of the ether left a syrup 
(0-58 g.), which was freed from unchanged sugar by treatment with sodium hydroxide solution 
(1 mol.), evaporation to dryness, and extraction of the residue with chloroform. Thereafter 
the trimethyl hexonic acid was liberated from the sodium salt by the addition of a slight 
deficiency of sulphuric acid, evaporation of the aqueous solution, and extraction of the residue 
(after heating to effect lactonisation) with ether. The extract was a colourless oil which distilled 
at 140°/0-01 mm. and had nf 1-4695 (Found: OMe, 42-0. C,H,,O, requires 30Me, 42-3%). 
In aqueous solution, the product behaved as a 8-lactone, the rotation changing from [«]}° + 96° 
to +39-0° (constant value) in 6 hrs. (c, 2-2). The trimethyl hexonic acid (generated from the 
sodium salt by the addition of mineral acid) showed [«]?!° + 37-5° changing to +40-0° (constant 
value) in 3 hrs. (c, 2-0). The lactone is therefore 2 : 4 : 6-trimethyl 3-gluconolactone. 

2:4: 6-Trimethyl Gluconamide.—The syrupy lactone (0-18 g.) was dissolved in liquid 
ammonia (20 c.c.), and the ammonia allowed to evaporate over-night. The amide so formed 
(yield 0-15 g.) crystallised from acetone—light petroleum in needles, m. p. 100°; [a]>” +37-0° 
in chloroform (c, 0-7) (Found: C, 45-7; H, 7-9; N, 5-9; OMe, 39-3. C,H,,O,N requires C, 
45-7; H, 8-0; N, 5-9; OMe, 39-3%). It was established that the amide was an a-methoxy- 
amide by application of the Weerman reaction under the conditions specified by Ault, Haworth, 
and Hirst (J., 1934, 1722) : no hydrazodicarbonamide was formed. 

3:4: 6-Trimethyl 8-Methylaltropyranoside.—After separation of the maximum amount of 
crystalline trimethyl 6-methylglucoside, the syrup (B) showed, after distillation, n#’ 1-4584; 
[x]?}° — 25-6° in chloroform (Found : OMe, 52-3%). It probably still contained a little of the 
trimethyl methylglucoside. 

Methylation of fraction (B). The syrup (B) (1-90 g.) was methylated by three treatments 
with the Purdie reagents. The product was a colourless oil; b. p. 86°/0-006 mm., nj” 
1-4468, [a]}7” — 38-0° in chloroform (c, 6-14) (Found: OMe, 61-3. C,,H,,O, requires 50Me, 
62-0%); yield, 1-88 g. Itis shown later that this product is mainly tetramethyl B-methylaltropyr- 
anoside. Hydrolysis of the methylaltroside (1-80 g.) with 7% hydrochloric acid gave tetramethyl 
d-altropyranose as a syrup (1°53 g.); mu?" 1-4600 (undistilled); [a]}?" + 63-0° in chloroform 
(c, 4:72) (Found: OMe, 51-7. Cy HO, requires 40Me, 52-5%). 
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Oxidation of Tetramethyl Alirose with Nitric Acid.—The tetramethyl hexose (0-8 g.) was 
dissolved in nitric acid (d 1-42; 8 c.c.), and the oxidation and subsequent isolation of the 
products were conducted in the usual manner (see, e¢.g., Hirst, J., 1926, 350). Esterification of 
the mixed acids was completed by treatment with 2% methyl-alcoholic hydrogen chloride; 
yield, 0-71 g. The esters were distilled at 115°/0-05 mm., and the mixture had np” 1-4369, 
[a]~’ — 16-5° in methyl alcohol (c, 2-24) (Found: OMe, 594%). The esters were converted 
into the corresponding methylamides by treatment of the mixture (0-65 g.) with a saturated 
solution of methylamine in dry methyl alcohol (8 c.c.). After 24 hrs. at 0°, the solvent was 
removed, and the residue fractionally crystallised from warm ethyl acetate. Six fractions were 
separated which had the following properties. 


Fraction 2 3 4 5* 6 


Weight, mg. .........seeeee 35 12 15 5 9 
M 172° 172° 172° 167° 206° 


—61-0° — 60-0° —60-5° 0-0° — 131-0° 
* The constants given for Fraction 5 are those after two recrystallisations. Fraction 6 was 
obtained after the residual syrup had been treated for a second time with methylamine. 


Fraction 1 is d-arabo-trimethoxyglutarmethylamide (Found: C, 48-5; H, 8-2; N, 11:3; OMe, 
37-4. Calc. for CypHyO;N,: C, 48-4; H, 8-1; N, 11-3; OMe, 37-5%); no depression of m. p. 
was observed in admixture with authentic material prepared from d-arabinose. Fraction 6 is 
l-dimethoxysuccinmethylamide (Found: C, 47-0; H, 7-9; N, 13-7; OMe, 30-2. Calc. for 
C,H,,0,N,: C, 47-0; H, 7-8; N, 13-7; OMe, 30-4%) for which Haworth and Jones (J., 1927, 
2349) give m. p. 205°, [«]p —131-8° in water. The production of these two substances together 
establishes the constitution of the sugar as tetramethyl] d-altropyranose. 

Fraction 5 is i-xylotrimethoxyglutarmethylamide (Haworth and Jones, loc. cit., give m. p. 
167—168°), arising from the small amount of tetramethyl glucopyranose accompanying the 
tetramethyl] altrose. 

Hydrolysis of the Trimethyl B-Methylaltroside (B).—Fraction (B) (1-25 g.) was hydrolysed with 
7% hydrochloric acid and yielded a trimethyl hexose as a viscous syrup (1-05g.). By treatment 
of this syrup with ether-light petroleum, a crystalline fraction (0-15 g.) was separated. This 
proved to be 2: 4: 6-trimethyl glucose. The remaining syrup failed to crystallise and was 
probably almost pure 3: 4: 6-irimethyl altrose. After drying, it showed nj” 1-4738; [a]?” 
+ 53-0° in water (c, 2-11) (Found: OMe, 41-0. C,H,,0O, requires 30Me, 41-9%). 

3:4: 6-Trimethyl 8-altronolactone. Trimethyl altrose (0-55 g.) was oxidised with bromine 
water, and the acid purified in the usual way by formation of the sodium salt. The lactone 
(0-36 g.) distilled as a colourless oil at 150°/0-02 mm., and showed n3!* 1-4785 (Found : OMe, 
41:7. C,H,,O, requires 30Me, 42-3%). In aqueous solution (c, 1-75) it behaved as a 8-lactone : 
[x]? — 9-6°, changing to a constant value, + 10-8°, in 24 hrs. 

The amide, prepared by solution of the lactone in liquid ammonia, could not be obtained 
crystalline. The Weerman reaction was applied as follows. The amide (0-1 g.) was treated at 
0° in aqueous solution (3 c.c.) with a slight excess of standard sodium hypochlorite solution. 
After $ hr. the excess hypochlorite was removed with thiosulphate, and the solution treated with 
sodium acetate and semicarbazide hydrochloride. Hydrazodicarbonamide (m. p. and mixed 
m. p. 254°) was formed ; yield, 11 mg. (7.e.,22% oftheory). The amide is therefore an «-hydroxy- 
amide. Taken in conjunction with the fact that the lactone belongs to the 8-series, this shows 
that the three methoxyl groups must be situated on positions 3, 4, and 6 in trimethy] altrose. 


The authors wish to express their warmest thanks to Professor W. N. Haworth, F.R.S., for 
his interest, and to the Department of Scientific and Industrial Research for a maintenance 
grant to one of them (W. H. G. L.). 


Tue A. E. Hitts LABORATORIES, UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, July 20th, 1938.] 
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268. The Valency and Covalency of Ruthenium in the Blue 
Chloride Solution. 


By L. W. N. Gopwarp and W. WARDLAw. 


The blue solution resulting from the reduction of ruthenium trichloride has been 
reinvestigated. Four well-defined, new co-ordination compounds have been isolated 
by its interaction with certain amines under suitable conditions. 

In these compounds the metal is shown to be bivalent. As expected on theoretical 
grounds, they possess zero magnetic moment. 


In 1804, Vauquelin (Ann. Chim., 49, 188, 219; 50, 5) noticed that a blue colour was 
produced by the action of certain reducing agents on ruthenium solutions, and Claus 
(Annalen, 1846, 56, 260) and other early workers assumed that such solutions contained 
bivalent ruthenium. A survey of the literature shows that this assumption has been 
much discussed, and that as recently as 1927 (Remy and Wagner, Ber-, 60, 493; Zintl and 
Zaimis, tbid., p. 842), its accuracy was questioned. In 1933, however, Manchot and Schmid 
(Z. anorg. Chem., 216, 104) studied the electrolytic reduction of ruthenium trichloride in 
hydrochloric acid and found that, when reduction was complete, the blue catholyte gave a 
precipitate of Ru(OH), with sodium hydroxide in the absence of air. This affords strong 
experimental support of the view that the blue solution contains bivalent ruthenium. It 
appeared to us that the isolation of complex salts of the type X,[RuCl,] from the blue 
solution would settle the question of the valency of the ruthenium and at the same time 
direct attention to the value of the electrolytic method in investigations dealing with 
bivalent ruthenium. 

Howe (J. Amer. Chem. Soc., 1901, 23, 782) attempted to isolate such derivatives by the 
addition of cesium chloride and of rubidium chloride to the blue solution of the chloride 
but “‘ failed to obtain results which could be considered trustworthy ” (ibid., 1924, 46, 
336); actually, he obtained in two cases a substance which approximated to the formula 
3CsCl,2RuCl,,2H,O. 

In the present investigation we have isolated a number of well-defined products by the 
addition of certain amines, under carefully regulated conditions, to the blue solution 
obtained by the reduction of ruthenium trichloride dissolved in hydrochloric acid. In 
every case it was necessary to use a high concentration of ruthenium chloride, for the new 
co-ordination compounds are very soluble. To form the pyridinium derivative the reduced 
blue solution was added to a well-cooled solution of pyridinium chloride in alcoholic 
hydrogen chloride with exclusion of air. In isolating the dipyridyl or the trimethyl- 
animonium compound this procedure must be modified, as the hydrochlorides of these 
bases are insoluble in alcoholic hydrogen chloride. Here, the amine was added to alcoholic 
hydrogen chloride, and the precipitated hydrochloride brought into solution by the careful 
addition of water. On addition of the blue solution of the chloride, the pure co-ordination 
compound was readily obtained. 

The above new compounds are dark green, but the ethylenediamine derivative is bluish- 
green. When kept in a vacuum desiccator the solids are stable, but their bluish-green 
aqueous solutions oxidise rapidly in air. The new substances are of two types: X,[RuCl,] 
and X,{RuCl;,H,O]. The resolution of [Ru(dipy),]Cl, by Burstall (J., 1936, 173) has 
proved that bivalent ruthenium may be 6-covalent. The present investigation also 
shows that, like other metals of Group VIII, such as palladium and platinum, bivalent 
ruthenium may be 4-covalent. 

The stability of the ion RuCl,” was indicated when a solution of (C;H,N).[RuCl,] 
was mixed with a slight excess of a solution of silver sulphate, lead acetate, or 
thallium sulphate. In no case was silver, lead, or thallous chloride obtained; instead, 
dark green precipitates were formed, the nature of which has not yet been studied in detail. 
The silver salt, however, gave on ignition in hydrogen, a mixture of ruthenium metal and 
silver chloride, indicating that it must be a silver ruthenium chloride. It was interesting 
to find that by the double decomposition of trimethylammonium ruthenium chloride, 
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(NHMe;),H[RuCl,,H,O], with pyridinium chloride or with dipyridylium chloride, the 
precipitated co-ordination compound was of the type X,[RuCl,] and the ruthenium had 
changed its covalency from six to four. 

Confirmation of the valency of the ruthenium in these new co-ordination compounds 
has been obtained by determining their magnetic behaviour. It is well-known that 
variations in valency can produce related changes in magnetic moment. We find in one 
of the cases investigated that the co-ordination compound has a negative susceptibility, 
and in the others a very small positive value, corresponding to zero moment, and hence to a 
balanced structure. As ruthenium has an atomic number of 44, we deduce an even valency 
for the metal atom, and as these compounds are formed by the reduction of a tervalent 
chloride, it is clear that they are derivatives of bivalent ruthenium. 

Gleu and his co-workers have found that the ruthenium ammines in which the metal 
is tervalent are paramagnetic (Z. anorg. Chem., 1938, 187, 197). 

We hope to utilise these new compounds for studying the stereochemistry of 4-covalent 
ruthenium. 


EXPERIMENTAL, 


Ruthenium trichloride, dissolved in about four times its weight of 6N-hydrochloric acid, 
was used as the cathode solution in a diaphragm cell, the anode solution being 6N-hydrochloric 
acid. Smooth platinum electrodes were employed, and a current density of 0-5 amp./sq. cm. 
The cell was cooled by water at 15°. When reduction was complete (about 6 hours), the liquid 
in the cathode chamber was deep blue: reduction for a longer period caused deposition of 
ruthenium. To ensure that no solid material vitiated the following experiments, the blue 
solution was rapidly filtered in absence of air before being used. 

Dipyridinium Ruthenium Tetrachloride—Pyridine was added to four times its volume of 
alcoholic hydrogen chloride, and the solution (containing excess of acid) shaken with the blue 
solution resulting from the reduction. The ratio of pyridine to ruthenium employed was 2-5: 1. 
Deposition of the new compound began in a few minutes and was complete in an hour. Air 
was rigidly excluded. The dark green crystalline solid was washed repeatedly with alcohol, and 
dried in a vacuum desiccator over calcium chloride {Found : Ru, 25-6; Cl, 36-0; N, 7-0. 
(C;H,N),[RuCl,] requires Ru, 25-2; Cl, 35-2; N, 6-9%}. 

Dipyridylium Ruthenium Tetrachloride.—Dipyridyl, dissolved in a minimum quantity of 
alcohol, was added to alcoholic hydrogen chloride, and the precipitated chloride just brought 
into solution by addition of water. The new compound was obtained as described above (Found : 
Ru, 25-3; Cl, 36-0; N, 6-7. CyH,N,RuCl, requires Ru, 25-4; Cl, 35-4; N, 7-0%). 

Bistrimethylammonium Hydrogen Ruthenium Pentachloride.—Trimethylamine was added to 
four times its volume of alcohol saturated with hydrogen chloride, and the precipitated chloride 
dissolved as above., This solution was shaken with the blue solution (NMe,: Ru = 2-5: 1), and 
the precipitated salt removed, washed, and dried in the usual manner {Found: Ru, 24:3; 
Cl, 41-9; N, 6-5. (NHMe;),H[RuCl,,H,O] requires Ru, 24-4; Cl, 42-4; N, 6-7%}. The well- 
known (NHMe,),RuCl, is black {J. pr. Chem., 1915, 91, 103). Another preparation, dried over 
phosphoric .oxide for some days, afforded the anhydrous salt {Found: Cl, 44-4; N, 6-7. 
(NHMe;),H[RuCl,] requires Cl, 44-3; N, 7-0%}. 

Ethylenediammonium Ruthenium Tetrachloride.—This was obtained by double decomposition 
of an aqueous solution of the trimethylammonium compound and an alcoholic solution of 
ethylenediamine hydrochloride (Found: N, 9-1; Cl, 46-4. C,H,)N,RuCl, requires N, 9-15; 
Cl, 46-4%). 

Analysis.—The ruthenium was determined by ignition of the compound in a stream of 
hydrogen, and the nitrogen by microchemical methods. Chlorine was determined by decompos- 
ition of the substance as in the Carius method, the silver chloride being dissolved in ammonia 
and reprecipitated with nitric acid after separation of the ruthenium. 

Measurements of Magnetic Susceptibility —The method of Gouy, as modified by Sugden (J., 
1932, 161), was used. The tube had an internal diameter of 2 mm., was 12 cm. long, and had a 
mark etched 8 cm. from the closed end. The carefully dried materials were packed as uniformly 
as possible up to this mark for the determination. 

The calibration of the tube was carried out upon a standard nickel chloride solution of known 
susceptibility, and before measurements were made, the pull on the empty tube was found, and 
the appropriate correction made in the observed pull on it when filled. The value of y was 
calculated from the formula x x 10° = «/w + BF’/w, where xy is the measured susceptibility 
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per g., « and @ are constants for the tube, w is the mass of material, and F’ is the observed pull 










in mg. 
Substance. Ww, g. t. F’, mg. x X 10°. pe 
PEA, cccccssceccssosscccccese 0-1633 18° +0-08 +0-45 0 
(tmH) ,HRuCl, coe «=»: O11 81 17 +0-06 +0-36 0 
GPTREMNEs cecsceccencscsssscccsens 0-1487 18 —0-02 —0-01 





GOIN SesnststnsbcctnsstninBsibinans 0-1791 19 0 +0-065 





The symbols py and dipy have their usual significance, and tm represents trimethylamine, 


BIRKBECK COLLEGE, LoNnpon, E.C. [Received, August 24th, 1938.] 












269. Aluminiwm Chloride, a New Reagent for the Condensation of 
B-Ketonic Esters with Phenols. Part III. The Condensation of 
Phenolic Ketones with Ethyl Acetoacetate. 


By N. M. San and R. C. SHAH. 


In continuation of previous work (Part I; this vol., p. 228), di- and tri-hydroxy- 
phenyl ketones have been condensed with ethyl acetoacetate in the presence of 
aluminium chloride to give hydroxyacylcoumarins. Orcacetophenone and 2: 4- 
dihydroxybenzophenone afford 5-hydroxy-6-acylcoumarins, similarly to resaceto- 
phenone. The probable mechanism of the formation of 5-hydroxycoumarin derivatives 
in such cases is discussed; it is suggested that the chelation between the acyl and the 
o-hydroxyl groups fixes the double bonds in the nucleus, the condensation then taking 
place at the 3-position with subsequent ring closure to a 5-hydroxycoumarin. 

















In Part I, with Sethna (this vol., p. 228), we showed that methyl 6-resorcylate, 6-resorcylic 
acid, and resacetophenone smoothly condense with ethyl acetoacetate in the presence of 
aluminium chloride, giving otherwise difficultly accessible 5-hydroxycoumarin derivatives, 
and the study has now been extended to the condensation of ethyl acetoacetate with a 
number of phenolic ketones, viz., orcacetophenone, 2 : 4-dihydroxybenzophenone, 2- 
acetylresorcinol, and phloracetophenone. 

Condensation of Orcacetophenone.—Orcacetophenone on condensation with ethyl 
acetoacetate in presence of aluminium chloride similarly to resacetophenone (Part I, Joc. 
cit.) gave a mixture of 5-hydroxy-6-acetyl-4 : 7-dimethylcoumarin (I) and 5-hydroxy-4 : 7- 
dimethylcoumarin (II); the latter was identical with the product obtained by the condens- 
ation of orcinol with ethyl acetoacetate in presence of sulphuric acid (Peghmann and Cohen, 
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Ber., 1884, 17, 2188), and its formation is probably due to the elimination of the acetyl 
group from (I) during the reaction. When sulphuric acid was used as condensing agent, 
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the only product was (II), probably derived from orcinol, produced from orcacetophenone 
by elimination of the acetyl group by the action of sulphuric acid. 

The constitution of (I) was established by analysis, by analogy with the resacetophenone 
condensation product (Part I, loc. cit.), and by the facts that (i) it was identical with the 
product of the Fries transformation of 5-acetoxy-4 : 7-dimethylcoumarin (Pechmann and 
Cohen, loc. cit.) ; (ii) it gave a strong ferric chloride colour reaction ; and (iii) on acetylation 
with sodium acetate and acetic anhydride, it gave 3’-acetyl-4 : 2’ : 5’-trimethylchromono- 
(7’ : 8’: 6 : 5)-a-pyrone (III). 

Condensation of 2 : 4-Dihydroxybenzophenone.—The condensation product from 2 : 4- 
dihydroxybenzophenone and ethyl acetoacetate in the presence of aluminium chloride 
has been assigned the constitution 5-hydroxy-6-benzoyl-4-methylcoumarin (IV) by analogy 
with previous condensations and on the following grounds: (a) it was identical with the 
Fries transformation product of 5-benzoyloxy-4-methylcoumarin (Part I, loc. cit.); (6) it 
gave a strong ferric chloride reaction; (c) on heating with acetic anhydride and sodium 
acetate, it afforded 4’-phenyl-4-methylcoumarino-(7' : 8’ : 6: 5)-a-pyrone (V) (cf. Canter, 
Martin, and Robertson, J., 1931, 1881). 


CH 


- CH 
o¢/ \cMe oc’ \cMe 
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COebin AICI, COPh  ~ transformation 





Condensation of 2-Acetylresorcinol.—2-Acetylresorcinol on condensation with ethyl 
acetoacetate in presence of aluminium chloride gave 7-hydroxy-8-acetyl-4-methylcoumarin 
(VI), obtained by Limaye by the Fries transformation of 7-acetoxy-4-methylcoumarin 
(Ber., 1932, 65, 375). In presence of sulphuric acid (cf. Limaye, Rasayanam, 1936, 1, 65) 
the same product is obtained, but in poorer yield. 2-Acetylresorcinol is therefore more 
reactive than resacetophenone, which does not condense in presence of sulphuric acid. 
This is analogous to the greater reactivity of 2-nitro- than of 4-nitro-resorcinol (Chakravarti 
and Banerji, J: Indian Chem. Soc., 1937, 14, 37). Clemmensen reduction of the methoxy- 
derivative of (VI) afforded 7-methoxy-4-methyl-8-ethylcoumarin (VII). 


OMe Et 
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HO CO Me 
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Condensation of Phloracetophenone.—Phloracetophenone on condensation with ethyl 
acetoacetate gave the same product in presence of aluminium chloride or of sulphuric acid. 
Of the two possible constitutions, 5: 7-dihydroxy-6(or 8)-acetyl-4-methylcoumarin, the 
latter is the more likely, as the compound can be readily and completely methylated 
by methyl iodide in acetone solution in the presence of potassium carbonate. 

Gallacetophenone, quinacetophenone, and o-hydroxyacetophenone did not condense 
in presence of either aluminium chloride or sulphuric acid, the ketones being recovered 
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unchanged, or tarry products being obtained from which no definite product could be 
isolated. 

The Mechanism of Formation of 5-Hydroxycoumarin Derivatives.—The formation of 
5-hydroxycoumarins in the condensations with resacetophenone, orcacetophenone, and 
2 : 4-dihydroxybenzophenone obviously depends upon the reactivity in the 2-position in 
the resorcinol nucleus. Resorcinol derivatives easily undergo various substitutions and 
condensations; these generally take place in the 4- in preference to the 2-position, which 
is usually inaccessible. The reactivity in the 2-position in the present case becomes 
explicable in the light of the view that in these o-hydroxy-acyl ketones, one of the two 
Kekulé forms becomes stabilised owing to chelation between the hydroxyl and the acyl 
groups, which requires the fixation of double bonds in the benzene nucleus between the 
carbon atoms bearing these two groups. Such a view of fixation of double bonds in the 
benzene nucleus was first put forward by Mills and Nixon for compounds in which another 
ring is fused on to the benzene ring (J., 1930, 2510), and has been applied by Baker and his 
collaborators (J., 1934, 1684; 1935, 628, and subsequent papers; also Aun. Reports, 1936, 
33, 283) to substitution in resorcinol derivatives. 

The formation of 5-hydroxycoumarins in the present investigation, it is suggested, also 
depends on the stabilisation of one of the Kekulé forms by the fixation of double bonds; 
é.g., in resacetophenone (VIII), owing to the chelate bond between the hydroxyl and the 
acetyl group, this takes place, and the point of attack is the carbon atom joined by a double 
bond to that bearing the other hydroxyl group, with the subsequent ring closure to 5- 
hydroxy-6-acetyl-4-methylcoumarin. : 

O 


a = 
\ \ 4\/O-H 
(VIII) ( | quad ( HO; a n (IX.) 


por pou \/ CO-CH 
Met=07 Me bail ' 

The non-condensation of gallacetophenone (IX) can be also satisfactorily explained by 
application of the above views. It will be seen that the carbon atom marked *, where the 
condensation might be expected to take place, is not reactive as it is united by a single 
bond to a carbon atom bearing the hydroxyl group. Baker (J., 1934, 1686) states that 
aluminium chloride may prevent chelation, but since in the present investigation, 
5-hydroxycoumarin derivatives are exclusively formed in good yields, it appears that 
this reagent may also promote chelation. 

The results of the Fries transformation of 5-acetoxy- (Part I, p. 232) and 5-benzoyloxy- 
4-methylcoumarin (this paper) are also explicable on the same view. The a-pyrone ring 
stabilises one of the Kekulé forms by the fixation of double bonds, and the 6-acylcoumarin 
derivatives are produced. 


( | fe ¢ O 
N Jn SAN JeH (R = COMe or COPh.) 
R CH; H CH, 


EXPERIMENTAL. 


Condensation of Orcacetophenone with Ethyl Acetoacetate.—(i) In presence of anhydrous alum- 
inium chloride. Orcacetophenone (Hoesch, Ber., 1915, 48, 1127) (6g.; 1 mol.), ethyl acetoacetate 
(5-50 g.; 1 mol.), and anhydrous aluminium chioride (13 g.; 2 mols.), dissolved in dry nitro- 
benzene (60 c.c.), were heated on an oil-bath at 110—115° with a calcium chloride guard-tube. 
The reaction was vigorous at 80—100°, and after the evolution of hydrogen chloride had slackened 
(about 1 hr.), the temperature was finally raised to 150°. The reaction mixture was cooled, ice 
and concentrated hydrochloric acid (10 c.c.) added, and the nitrobenzene distilled insteam. The 
remaining brown solid was collected and crystallised from rectified spirit (charcoal), forming 
needles, m. p. 200—228°. It dissolved completely in alkali with a yellow colour. After two 
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recrystallisations from alcohol, 5-hydroxy-6-acetyl-4 : 7-dimethylcoumarin (I) was obtained as 
needles, m. p. 180° (Found: C, 67-5; H, 5-25. (C,,;H,,0, requires C, 67-2; H, 5-2%), soluble 
in alkalis with a yellow colour without any fluorescence, and giving a reddish-blue colour with 
alcoholic ferric chloride. Its acetyl derivative crystallised from dilute alcohol in small needles, 
m. p. 149—150° (Found : C, 65-7; H, 5-1. C,;H,,O, requires C, 65-0; H, 5-1%). 

The mother-liquor from (I) on standing gave a further crop of the same product. The 
remaining alcoholic solution was then diluted with water, and the solid that separated crystallised 
from acetic acid in needles, m. p. 252—253° undepressed when mixed with an authentic specimen 
of 5-hydroxy-4 : 7-dimethylcoumarin (Pechmann and Cohen, loc. cit.). This substance did not 
give any ferric chloride colour, but dissolved in alkali with a yellow colour without any 
fluorescence, 

Attempts to prepare derivatives characteristic of the ketonic group in (I) were unsuccessful, 
no doubt owing to the steric hindrance of the o-methyl group. 

Fries transformation of 5-acetoxy-4: 7-dimethylcoumarin. A mixture of the coumarin 
(Pechmann and Cohen, loc. cit.) (4-5 g.) and powdered aluminium chloride (10-5 g.) was heated for 
24 hours at 170—180°. After cooling, the mixture was treated with dilute hydrochloric acid 
and crushed ice, and the separated solid repeatedly crystallised from hot rectified spirit, being 
obtained as tiny needles, m. p. 178—180°, identical ( mixed m. p., and properties) with (I). 

The compound (I) (0-5 g.), acetic anhydride (10 c.c.), and sodium acetate (2 g.) were heated in 
an oil-bath at 160—-170° for 8—9 hours, the mixture cooled and poured into cold water, and the 
separated 3’-acetyl-4 : 2’ : 5'-trimethylchromono-(7' : 8’ : 6 : 5)-a-pyrone (III) washed with water 
and dilute sodium hydroxide solution, and crystallised from acetic acid; small reddish needles, 
m.p. 275—276° (Found : C, 68-2; H, 4-85. C,,H,,0; requires C, 68-45; H, 4-7%). 

(ii) In presence of sulphuric acid. Orcacetophenone (3°g.) was condensed with ethyl 
acetoacetate (2-5 g.) in presence of concentrated sulphuric acid (15 c.c.), and the reaction mixture 
poured into ice-water after 24 hours. The solid obtained crystallised from acetic acid in needles, 
m. p. 252°, alone or mixed with an authentic sample of 4 : 7-dimethyl-5-hydroxycoumarin. A 
separate experiment on the action of concentrated sulphuric acid on orcacetophenone gave 
indications of the formation of orcinol by the elimination of the acetyl group. 

Condensation of 2 : 4-Dihydroxybenzophenone with Ethyl Acetoacetate in Presence of Anhydrous 
Aluminium Chloride.—To 2: 4-dihydroxybenzophenone (Hoesch, Ber., 1915, 48, 113Q; 2 g., 1 
mol.) and ethyl acetoacetate (2 g.; 1 mol.), dissolved in nitrobenzene, aluminium chloride (4 g. ; 
2 mols.) dissolved in nitrobenzene (total, 25 c.c.) was added, and the mixture heated to 130° for 
about 14 hours; when the evolution of hydrogen chloride had slackened, the temperature was 
raised to 150—160°, and the mixture was then treated as described on p. 1426. The brown solid 
left after steam-distillation of nitrobenzene crystallised from acetic acid in small yellowish 
needles, m. p. 184—185° (Found : C, 72:1; H, 4:2. C,,H,,O, requires C, 72-8; H, 43%). In 
some experiments, a fairly pure product was obtained by merely washing the brown residue with 
alcohol. 5-Hydroxy-6-benzoyl-4-methylcoumarin (IV) is soluble in hot acetic acid or benzene, and 
sparingly so in alcohols. It dissolves in alkalis with a deep yellow colour, and gives a deep 
greenish-red colour with alcoholic ferric chloride solution. 

The acetyl derivative crystallised from dilute acetic acid and then from alcohol in hexagonal 
plates, m. p. 150° (Found: C, 70-6; H, 4:3. C,,H,,0O, requires C, 70-8; H, 4:35%), and the 
benzoyl derivative from alcohol in rectangular needles, m. p. 199—200° (Found : C, 74-6; H, 4-2. 
C,,H,,0, requires C, 75-0; H, 4:2%). 

Attempts to prepare derivatives characteristic of the ketonic group were unsuccessful. 

Fries Transformation of 5-Benzoyloxy-4-methylcoumarin.—This coumarin (this vol., p. 229; 
0-5 g.) mixed with anhydrous aluminium chloride (4 g.) was heated at 160—170° for 2—2} hours, 
cooled, and ice-water and some hydrochloric acid added. The solid obtained was crystallised 
from acetic acid and then from alcohol, forming small needles, m. p. 176—177°, not raised by 
repeated recrystallisation. The mixed m. p. with the condensation product (IV) was 182—183°, 
and the mixed m. p. of the two acetyl derivatives also showed identity. 

4’-Phenyl-4-methylcoumarino-(7' : 8’ : 6 : 5)-a-pyrone (V).—The product (IV; 1 g.), acetic 
anhydride (25 c.c.), and sodium acetate (3 g.) were refluxed for 11 hrs. at 170—180°, the mixture 
cooled, and poured into water; the brown solid that separated was crystallised from acetic acid ; 
m. p. 220—221° (Found : C, 73-75; H, 4:2. C,9H,,0,,0-25H,O requires C, 73-9; H, 405%). 

Condensation of 2-Acetylresorcinol with Ethyl Acetoacetate.—(a) In presence of anhydrous 
aluminium chloride. A mixture of 2-acetylresorcinol (Baker, J., 1934, 1954; 3-8 g., 1 mol.) and 
ethyl acetoacetate (3-25 g.; 1 mol.) was added to a solution of anhydrous aluminium chloride 
(7g.; 2 mols.) in nitrobenzene (35 c.c.) and heated (under a guard-tube) to 125—135° till hydrogen 
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chloride evolution was negligible (about 1 hr.) ; the mixture, when worked up as before, afforded 
7-hydroxy-8-acetyl-4-methylcoumarin (VI), which crystallised from acetic acid and then from 
alcohol in needles, m. p. 168° (4 g.) (Found: C, 65-9; H, 4-7. Calc. for C,,H,,O,: C, 66-1; 
H, 4-6%), which dissolved in alkalis with a yellowish colour and gave a violet colour with alcoholic 
ferric chloride. Limaye (loc. cit.) gives m. p. 168°. 

(b) In presence of sulphuric acid. By using 78% acid (20 c.c.), 2-5 g. of the above product 
(mixed m. p.) were obtained. The O-methy] derivative, crystallised from water, melted at 136°, 
Limaye and Sathe (Rasayanam, 1936, 1, 35) give m. p. 137°. 

7-Methoxy-4-methyl-8-ethylcoumarin (VII).—The foregoing O-methyl derivative (1 g.), 
dissolved in alcohol, was added to a mixture of zinc amalgam (prepared from 25 g. of zinc dust; 
Robinson and Shah, J., 1934, 1497) and diluted hydrochloric acid (1:1; 30c.c.) and heated ona 
boiling water-bath for about an hour; concentrated hydrochloric acid (5 c.c.) was then added, 
and heating continued for another hour. The filtrate from the unchanged amalgam, on cooling, 
deposited the coumarin (VII), which crystallised from dilute methyl alcohol in fine rhombic 
crystals, m. p. 133—134° [mixed m. p. with (VI), 100°] (Found: C, 71-3; H, 6-6. C,;H,,0, 
requires C, 71-5; H, 64%). 

Condensation of Phlovacetophenone with Ethyl Acetoacetate.—(a) In presence of anhydrous 
aluminium chloride. Phloracetophenone (Hoesch, Joc. cit.) (2 g.; 1 mol.) and ethyl acetoacetate 
(2 g.; 1 mol.) were added to aluminium chloride (4 g.; 2 mols.) dissolved in nitrobenzene (25 c.c.), 
and the mixture heated on an oil-bath at 115—120° (guard-tube) till evolution of acid fumes had 
slackened (about 1 hr.), and then worked up as before. The brown residue was washed with a 
little alcohol, which dissolved the coloured impurities, leaving a crystalline product, m. p. 
278—280°. Recrystallisation from alcohol afforded clusters of silky needles, m. p. 286—287° 
(0-5 g.) (Found: C, 61-45; H, 4:3. C,,H,O, requires C, 61-5; H, 43%). 5: 7-Dihydroxy- 
6(or 8)-acetyl-4-methylcoumarin gives a bluish-red colour with alcoholic ferric chloride and 
dissolves in alkali with a yellow colour without any fluorescence. 

(b) In presence of concentrated sulphuric acid. The above reaction was repeated with 20 c.c. 
of the ice-cold acid as condensing agent, and the mixture kept in ice overnight. It was then 
poured into ice-water, and the yellowish solid which separated was repeatedly washed with hot 
water, and then crystallised from rectified spirit in a mossy growth of yellowish needles (0-5 g.), 
m. p. 298°; mixed m. p. with product obtained in (a), 294—295°. 

The dimethyl ether, obtained by the acetone—methyl iodide method (24 hours’ refluxing), 
crystallised from dilute methyl alcohol in fine needles, m. p. 165—166°, insoluble in cold alkali 
and giving no ferric chloride reaction (Found: C, 64:2; H, 5-5. C,,H,,0, requires C, 64-1; H, 
5-3%). 

Attempts to prepare derivatives characteristic of the hydroxyl or the ketonic group were 
unsuccessful. 

All the analyses recorded are microanalyses by either Dr. A. Schoeller or Dr. Hoppe 


(Miinchen). 
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270. Magnetism and Molecular Constitution of Some 
Chromium Compounds. 


By S. S. BHATNAGAR, BRAHM PRAKASH, and ABDUL HAMID. 


In the present work an attempt is made to define the structure of some chromium 
compounds from the magnetic standpoint. The susceptibilities of chromium ions in 
different valency states were calculated from the Van Vleck, Sommerfeld, Bose, and 
Stoner formula, yy = N§*[4s(s + 1)]/3k¢, and compared with the experimental 
values determined on a modified form of Gouy’s balance. Chromium dioxide is 
shown to contain quadrivalent chromium, the constitution of a complex chromium 
sulphate has been confirmed, and silver chromate and the pyridine salt of the 
so-called blue perchromic acid (since shown by Schwarz and Giese to be a derivative 
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of CrO, and not HCrO,) have been shown to contain sexavalent chromium. The 
supposed sexavalency of chromium in triamminochromium tetroxide and its 
quinquevalency in pyridinium tetrachlorohydroxychromate, C;H;N-CrCl,-OH,H,O, 
and the analogous quinolinium salt have been controverted, more satisfactory con- 
stitutions being suggested. The three isomerides of dichloroaquotriamminochromic 
chloride have been examined from the magnetic standpoint. 


THE magnetic method has recently afforded useful information on the valency of 
particularly the paramagnetic ions. Chromium exists in various valency states, but 
comparatively little use has been made of this method in defining the structure of 
compounds of this element. The more important recent investigations are the following. 

The paramagnetic properties of some bivalent chromium salts were investigated by 
Lips (Helv. Physica Acta, 1934, 7, 537). The number of Bohr magnetons was found to 
be 4-82, in agreement with the value resulting from ‘‘ spin only,” v7z., / 4s(s + 1) = 4-90. 

Leiterer (Z. physikal. Chem., 1937, B, 36, 325) determined the magnetic susceptibility 
of certain co-ordination compounds of chromium, in which its principal valency is three. 
He found excellent agreement between theoretital and experimental values on the basis 
that the orbital moment was fully quenched. This conclusion is in substantial accord 
with the results of previous workers in this field. 

Tjabbes (Z. anorg. Chem., 1932, 210, 385) showed that the supposed septa- or higher 
valency, postulated in the case of the blue and the red perchromates, was not in harmony 
with their magnetic behaviour. He found the value of magnetons in the red perchromates 
to be very nearly the theoretical value for quinquevalent chromium, resulting from the 
“spin only,” viz., /4s(s + 1) = 1-73. In the blue perchromates, he established the 
sexavalency of chromium, for this variety exhibited a feeble paramagnetism independent 
of temperature which is theoretically predicted for this element in the sexavalent state. 

It is obvious from the foregoing that the magnetic moment for chromium varies with 
its state of combination or valency, and the present investigation was, therefore, 
undertaken in order to elucidate the constitution of some of those chromium compounds 
of indefinite structure recorded in literature. 


EXPERIMENTAL. 


The susceptibility determinations were carried out in a modified form of Gouy’s balance 
(Bhatnagar and Bal, J. Indian Chem. Soc., 1934, 11, 606), and x was calculated according to 


the equation 


1 w 
%, = Mp, { (pp — Xaap,) = + XaMaps} 


where 7p, and x», are respectively the specific susceptibility of the standard substance and of 
the specimen, wy, and w,, are the respective pulls, m,, and mp», are the respective masses, 
and Mp, and mg», are the masses of air displaced respectively by the standard substance 
and by the specimen. 

The various compounds to be investigated were prepared as follows. 

(1) Brown Product described as CrO, or Cr;04.—Dunnicliff and Kotwani (J. Physical Chem., 
1931, 35, 3221) obtained a brown product on treating chromium hydroxide with 5% chromic 
acid solution. Analysis indicated that the formula of the compound approximated to CrO, 
or Cr,O,. In the present investigation this product was dried at 200° and then kept in a 
vacuum for some time. The dried product (Found: Cr, 62-4, 62-0. Calc. for CrO,: Cr, 
619%. Calc. for Cr;O,: Cr, 64-35%) had d?° 2-645. 

(2) Complex Chromium Sulphate produced by the Action of Chromium Sulphate on Chromium 
Hydroxide.—By this means, the same authors (loc. cit., p. 3223) obtained a complex chromium 
compound containing equal amounts of co-ordinated and ionic sulphate; it was therefore 
assigned the constitution [{Cr,(OH),(H,O),},SO,]"SO,”,*H,O. In the present investigation, 
the compound was obtained anhydrous by drying in a vacuum at room temperature [Found : 
Cr, 28-6; SO,, 26-4. Calc. for Cr4(OH),(SO,),(H,O) 1,4: Cr, 28-9; SO,, 26-7%]; d3° 2-57. 

(3) Triamminochromium Tetroxide, CrO,,83NH;.—The compound was prepared by two 
methods (Hofmann and Hiendlmaier, Ber., 1905, 38, 3059): (a) A 10% aqueous solution of 
ammonia was saturated at 0° with crystallised ammonium dichromate, 30% hydrogen peroxide 
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added to the clear solution, and the mixture kept for 6—12 hours; the large brown crystals 
which separated were freed from a red crystalline powder by allowing the temperature to rise 
to 10—15° (Found: Cr, 31-2. Calc.: Cr, 31-15%). (6) A 20% solution of ammonia was 
saturated at 0° first with ammonium dichromag¢e and then with ammonia, and 30% hydrogen 
peroxide added; after some hours the compound was obtained in quadratic plates (Found: 
Cr, 31-15%). The densities of the two samples at 20° were respectively 1-958 and 1-960, 
whereas Riesenfeld, Kutsch, and Ohl (Ber., 1905, 38, 4072) recorded 1-964. 

(4) Silver Chromate.—Silver chromate, obtained by dropping a dilute solution of potassium 
chromate into a concentrated solution of silver nitrate (Vauquelin, Ann. Chim. Phys., 1809, 
80, 70), was purified by repeatedly dissolving it in aqueous ammonia and reprecipitating it by 
boiling the solution. During the process the orange-red chromate changed into the green 
modification (Found: Ag, 65-3; Cr, 15-45. Calc.: Ag, 65-05; Cr, 15-65%); it had d 5-619, 
whereas Baxter, Mueller, and Hines (J. Amer. Chem. Soc., 1909, 31, 538) record 5-625. The 
colour of this variety varies from dark green to greenish-black, but is red in transmitted light 
or in the powdered form. It has been suggested, but not proved, that the change in colour 
may be due to a change in crystal structure or the sizes of the crystalline aggregates (Mellor, 
“‘ Comprehensive Treatise on Inorganic and Theoretical Chemistry,” Vol. XI, p. 265). 

(5) Pyridinium Tetrachlorohydroxychromate.—This compound was prepared by the action 
of concentrated hydrochloric acid and pyridine on chromic acid (Weinland and Fridrich, Ber., 
1905, 38, 3784); it formed reddish-brown leaflets (Found: Cr, 16-7; M, cryoscopic in acetic 
acid, 306. Calc.: Cr, 16-99%; M, 308). Since the chromium in this compound behaves as 
if it were quinquevalent, Weinland and Fridrich assigned to it the constitution 
CrCl,-OH-C;H,;N,H,0O. 

(6) Quinolinium Tetrachlorohydroxychromate, C§H,N-CrCl,-OH,2H,O.—This compound was 
similarly prepared (Found: Cr, 13-8. Calc.: Cr, 13-8%). 

(7) Dichloroaquotriamminochromic Chloride, [Cr(NH;)3;(H,O)Cl,]Cl.—Riesenfeld and Seemann 
(Ber., 1909, 42, 4226) report three varieties of this compound, which have since been regarded 
as isomerides : 
ert em | a) 
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They were obtained by the following methods : 

(i) Reddish-violet modification. This was prepared by adding concentrated hydrochloric 
acid to a solution of triamminochromium tetroxide in well-cooled dilute hydrochloric acid and 
allowing the solution to stand for some time. The reddish-violet crystals, d 1-498 (Found: 
Cr, 22-9; total Cl, 46-5. Calc.: Cr, 22-9; Cl, 46-8%), form a blue solution with water. 

(ii) Grey modification. This variety was obtained by using concentrated instead of dilute 
acid as above, d 1-629 (Found: Cr, 22-8; Cl, 46-7%); it is scarcely soluble in cold water but 
dissolves in hot water to a red solution. 

(iii) Green modification. This was obtained in solution by heating a hydrochloric acid 
solution of the first variety for some time at 60°. 

Frowein (Z. anorg. Chem., 1920, 110, 107) showed from conductivity measurements and 
from the colour change of the first isomer that the monoaquo-salt gradually passes into the 
diaquo-salt, and this in turn into the triaquo-salt, the colours of the solutions being blue, 
reddish-violet, and red respectively. The conductivity of the monoaquo-salt is the lowest, 
and that of the triaquo-salt the highest. Nevertheless, application of this method to the 
other isomerides affords no useful information as to their structure, for the aquo-salts derived 
from them will be identical. 

(8) Pyridine Derivative of Perchromic Acid.—The compound was obtained by addition of 
the base to the blue ethereal solution of perchromic acid cooled to 0° (Wiede, Ber., 1897, 30, 
2178) (Found: Cr, 24-7. Calc. for C;H,;N,HCrO,: Cr, 24-5%). Schwarz and Giese (Ber., 
1932, 65, 871) concluded from its chemical behaviour that the blue compound is not an acid, 
HCrO,, but is a superoxide of the formula CrO,. Further confirmation of this view is 
desirable. 

Magnetic Data.—The specific susceptibilities of these compounds were determined in the 
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solid state. In the case of the green modification of compound (7), however, the value was 
obtained differently. A known weight of the reddish-violet variety was treated with a known 
volume of hydrochloric acid at 60°, care being taken that there was no loss of acid. The 
green solution, so obtained, was diluted with water to 1%, concentration and its value of x 
determined. From this, the mass susceptibility of the solid was calculated by correcting for 
that of hydrochloric acid. The relationship used was 


Xsoln. = SsXs + (1 — Cs)XHC1 


where the symbols have their usual significance. In the following table the value of x in each 
case represents the mean of at least three observations. 


x X 10°. Temp. 
(1) CrO, or Cr,O, 25° 
(2) Complex chromium sulphate 20 
(3) Triamminochromium tetroxide obtained by 
(i) first method ° 20 
(ii) second method , 20 
(4) Silver chromate : 
(i) green modification , 25 
(ii) powdered red form , 25 
(5) Pyridinium tetrachlorohydroxychromate ° 25 
(6) Quinolinium tetrachlorohydroxychromate ; 25 
(7) Dichloroaquotriamminochromic chloride : 
(i) reddish-violet modification . 20 
(ii) grey modification ' ° 20 
(iii) green modification (obtained in HCl soln.) , 20 
(8) Pyridine salt of perchromic acid ° 30 


Further, the susceptibilities of the reddish-violet and the grey modification of (7) were 
also determined in 1% aqueous solution. The solutions were heated to different temperatures 
and then cooled to 20°; it was noted that they retained any altered colour that they may 
have developed on heating. The results are embodied in the following table. 


Modification. | Temp. to which soln. was heated. Colour of soln. Xe X 10°.* 


Reddish-violet Blue 28°85 
Red 28-75 
Red 28-75 
Green 21-73 
Grey Red 28-50 
Red 28-50 
Green 22-10 


* The susceptibilities of the solids were calculated from the relationship xsom. = ¢,¥, + (1 — ¢,)xxH,0- 


DISCUSSION OF RESULTs. 


(1) CrO, or Cr;O0,.—The experimental value of y compares favourably with the value 
of 36-00 x 10°* (Bérnstein’s “‘ Tabellen ’’) for chromium dioxide. Further, the compound 
Cr;O, has been described as being ferromagnetic (Honda and Sone, Sct. Rep. Tohoku Imp. 
Univ., 1914, 3, 223). Hence, the proper formula to be assigned to Dunnicliff’s compound 
is CrO, and not Cr;Oy. 

Manchot and Kraus (Ber., 1906, 39, 3512) believed chromium in the dioxide to be 
quadrivalent although suggestions have been made that it may be bi-, ter-, or quadri- 
valent. It has been shown by Van Vleck (“ Theory of Electric and Magnetic Susceptibili- 
ties,’ Oxford, particularly Chapter XI, p. 73), Sommerfeld (‘‘ Atombau,” 4th Ed., 
p. 639), Bose (Z. Phystk, 1927, 43, 864), Stoner (Phil. Mag., 1929, 8, 250), and others that 
in the case of certain ions in which there is complete independence of L- and S-moments 
and hence the complete ineffectiveness of L-moment owing to interaction with neighbouring 
lons, the susceptibilities are given to a high degree of accuracy by the formula 


Xu = NB*[4s(s + 1)]/3kt swigoys jo yong 


This relationship connects yy of ions with their valencies, for the value of the spin moment 
depends upon the valency of the ion in question. In the present case, the susceptibility 
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value definitely supports the quadrivalency of chromium in the compound, as will be 


evident from the table below : 
Constitutional formula cx O!Cr-0-0Cr:0 
(bivalent Cr). (tervalent Cr). (quadrivalent Cr). 
2 3/2 1 


O:Cr:O 


Value of S, the spin moment 
x x 10° for chromium ion in different valency 
states, calc. from (1) 9996 6248 3332 


Experimental value of ym x 10° after cor- 
rection for oxygen == 2955 

(2) Complex Chromium Sulphate.—From the value of x, the molecular susceptibility 
of the chromium ion was calculated, the necessary corrections being applied for the 
presence of other groups, viz., H,O = — 12-90 x 10° (International Critical Tables), 
OH = — 7:54 x 10% (Pascal), SO, = — 35-60 x 10° (International Critical Tables), 
It was thus found to be 6361 x 10 at 20°. 

According to Hund (Z. .Physik, 1925, 33, 855), the effective Bohr magneton number 
can be calculated from the equation 


eS a ee 


This gives us a value for wu. ¢ of 3-898 Bohr magnetons, in close agreement with the 
theoretical deductions of Sommerfeld (0p. cit., p. 639), who calculated the magnetic 
moment in Bohr magnetons from the relationship u, = /4s(s + 1), u, then being 3-88 
Bohr magnetons for tervalent chromium. 

Calculating yy on the basis of the Bose-Stoner formula and making the necessary 
corrections for the presence of other groups, we find the value of the specific susceptibility 
to be 34:90 x 10°. Considering the nature of the compound, the agreement between the 
theoretical and the practical value is remarkable, and the magnetic data support the 
constitution assigned to it. 

(3) Triamminochromium Tetroxide——It has been postulated that chromium in the 
tetroxide may be sexavalent with a bivalent oxygen group (I). The triammino-tetroxide 


O fe) 
(L,) ao I 


can be formulated as (II), with the peroxidic oxygen anita one position in the 
co-ordinate group (Werner, Ber., 1906, 39, 2659). The susceptibility determination, 
however, negatives the sexavalency of chromium in this compound, for if that were so 
the compound ought to have been diamagnetic or only feebly paramagnetic. Hence, we 
regard the compound as having the constitution (III), in which chromium is quadrivalent. 


O Ag O 
ania Wj, 2 S 4 
(III.) (NH,) Criv e.- IV. 
3)3 bo, he (IV.) 


The value of x of this compound on the Bose-Stoner formula should be 3318 x 10°, 
and this compares fairly well with the experimental value of 3607 x 10°. As the latter 
is slightly higher than the former, it seems that the orbital moment is not fully quenched 
in this particular case. [Illustrations of this type have been reported by Bhatnagar, 
Nevgi, and Khanna (Phil. Mag., 1938, 25, 234), Sucksmith (Proc. Physical Soc., 1930, 42, 
388), and others. Moreover, the effective Bohr magneton number calculated from 
equation (2) yields a value of 2-94, and this is in agreement with the theoretical value of 
2-83, calculated for quadrivalent chromium. 

(4) Silver Chromate-—The diamagnetism of the compound clearly emphasises the 
sexavalency of chromium in it, and hence confirms the constitution (IV) assigned to it, 
which is analogous to the structure of chromic acid itself. It is to be particularly noted 
that the susceptibilities of the red and the green form are more or less identical. These 
colours have been attributed to different particle sizes, and the above observation 
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incidentally bears out the view that x is independent of this (cf. Bhatnagar, Verma, and 
Haq, Kolloid Z., 1937, 78, 9; Lessheim, Current Sci., 1936, 5, 119). 

(5) and (6) Pyridinium and Quinolinium Tetrachlorohydroxychromate.—lf chromium 
in these compounds were quinquevalent, they would be strongly paramagnetic. The 
Bose-Stoner formula predicts a value of the order of 1250 x 10° for quinquevalent 
chromium. The experimental results, however, show that the former compound is only 
feebly paramagnetic, while the latter is diamagnetic. These results, therefore, indicate 
the sexavalency of chromium in these compounds, which may have the structure (V); 
this is not only capable of explaining the magnetic and the analytical results, but is also 
in agreement with the result of molecular-weight determinations, which show the 
compounds to be unimolecular. It will be noticed that this formula suggests the 
replacement of OH by bivalent O; this is not in disagreement with the analytical results, 
for they could scarcely detect the difference of one hydrogen atom. 

(7) Dichloroaquotriamminochromic Chloride.—The molecular susceptibility for chromium 
was calculated for the reddish-violet and the grey varieties. The effective Bohr magneton 
value was calculated from equation (2), and the results are shown below : 

Modification. xm X 10° for Cr. Pett. 
Reddish-violet - 6724 3-9 
Grey 6676 3-97 
The corrections applied for the presence of other groups are: NH; = — 18-7 x 10° 
(International Critical Tables), Cl’ = — 22-2 x 10% (Leiterer, Z. physikal. Chem., 1937, 
B, 36, 332), and H,O as on p. 1432. 

The effective Bohr magneton number in the two cases is in good accord with the 
theoretical value of 3-88 for tervalent chromium. It will also be observed that the x 
values for the red and for the grey modification are very nearly the same, but the green 
salt has a markedly low value. In the last case, however, the salt was obtained only in 
hydrochloric acid solution, and as this may have introduced complications, this result is 
only tentative and of a qualitative nature. 

When the solutions of the first two varieties were examined, the value of x, remained 
practically unchanged, but after the solution had been heated to boiling (whereupon the 
colour changed to green), there was a decided fall in the value of x,. This is an indication 
of a decomposition of the compound at this temperature. In all probability, this is 
merely a colloidal solution of chromium hydroxide which rapidly settles out. 


H,0, Cl O O 0O-OH 

 SscrnZcy oScr-0-0H Pee 
CsH,N~ QO’ oF No 

(V.) (VI.) (VII.) 

Magnetic measurements alone are therefore insufficient to fix the constitutions of 
these isomers, as the first two modifications have almost identical x values, while the 
third is complicated by possible chemical factors. 

Recourse was therefore also had to the study of absorption spectra of the three 
modifications (details will be communicated later). The close resemblance of the 
absorption curves for (i) the red solution of the grey variety and (ii) the red solution 
obtained from the reddish-violet variety by keeping its solution for 24 hours, suggested 
that the solution in both cases was formed by the development of the triaquo-salt (cf. 
Frowein, Joc. cit.). The curves for the green isomer and the blue solution of the reddish- 
violet variety were of different shapes. 


0-OH : O E* - 2 
=p vie Decl 


(vit) ~° (IX.) (x.) 


(8) Pyridine Salt of Perchromic Acid.—It has been suggested (Riesenfeld, Ber., 1908, 
41, 3946) that the compounds of the type HCrO,,X, where X represents an organic base, ; 
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may be regarded as derivatives of an acid of the constitution (VI). Septavalent chromium, 
however, is not in harmony with the position of the metal in the periodic table, and it 
makes chromium an exception to the elements which form per-acids. The constitution 
(VII) or (VIII), in which chromium is quinque- or sexa-valent was therefore assigned to 
this compound. Schwarz and Giese (loc. cit.), who proposed the oxide formula for the 
compound, suggested the constitutions (IX) and (X) for the oxide and its pyridine 
derivative. 

The magnetic results give a value of + 223-66 x 10 for molecular susceptibility, and 
after due allowance has been made for the presence of other groups, xy for chromium 
becomes 284-60 x 10%. This value definitely negatives the quinquevalency of chromium 
required by (VII), for in that case yy for chromium would be 1229 x 10%. The formula 
(VIII) is probably incorrect, for, besides the chemical evidence adduced against it, 
Schwarz and Giese (loc. cit.) have shown that the compound is unimolecular in benzene, 
nitrobenzene, bromoform, and pyridine solutions. 

This leaves the alternative constitution (X) for the pyridine compound, and this is in 
agreement with the magnetic results. The value of residual paramagnetism obtained is 
in accord with the very similar.order of values (170—330 x 10) obtained by Tjabbes 
(loc. cit.) from a magnetic study of perchromates. Klemm and Werth (Z. anorg. Chem., 
1933, 216, 127) arrived at a similar conclusion regarding the constitution of CrO;,C;H,N, 
but as we have not access to their paper, we are unable to follow their reasoning. 


THE UNIVERSITY, LAHORE. (Received, June 24th, 1938.] 





271. The Influence of Alkyl Groups upon Reaction Velocities in Solution, 
Part II. The Base-catalysed Prototropy of Phenyl Alkyl Ketones. 


By Davin P. Evans and JAMEs J. GORDON, 


A kinetic study of the prototropy of a series of phenyl alkyl ketones, CH,R-COPh, 
under the influence of acetate ion as catalyst has shown that lengthening or branching 
of the alkyl chain leads to an increase in the energy of activation probably reaching a 
constant maximum for the normal series at butyrophenone, while the P factor of the 
equation 4 = PZe—#/RT falls somewhat from acetophenone to propiophenone and there- 
after remains constant. The changes in E are ascribed to the rising inductive effects 
of the alkyl groups, and the fall in P at one point only is interpreted on the basis of 
hydrogen-bond formation in propiophenone and the higher ketones. This is in 
harmony with the interpretation of the acid-catalysed prototropy of the same ketones 
suggested in Part I of this series. 


THE acid-catalysed prototropy of a number of phenyl alkyl ketones has already been studied 
by one of us (Part 1; Evans, J., 1936, 785), and the investigation has now been extended 
to include the base-catalysed reaction. Lapworth’s bromination method has again been 
employed, the basic catalyst being the acetate ion (compare Morgan and Watson, J., 1935, 
1173). In addition, the acid-catalysed prototropy of tsovalerophenone has been studied 
under conditions identical with those employed in Part I. The following table summarises 
the results. The velocity coefficients are recorded as fall of N/50-thiosulphate titre per 
minute for 20 ml. of 0-1m-ketone solutions in 75% acetic acid containing 20 g. of sodium 
acetate per litre (for basic catalysis) or 0-5mM-hydrochloric acid (for acid catalysis). The 
energies of activation were determined from the slope of the log R-1/T plot, which in every 
case gives a good straight line. 


Base-catalysed Bromination of Phenyl Alkyl Ketones, CH,R-COPh. 

Rape. Rss. hes. E, cals. 

0-0520 0-1310 0-330 19,400 

0-00799 0-0219 0-0567 19,900 

0-00624 0-0172 0-0435 20,200 

0-0188 0-0479 20,100 

0-00849 0-0224 20,500 

0-00444 0-0119 20,900 
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Actd-catalysed Bromination of isoV alerophenone. 


Rose. Rose. Ras. E. P, 
0-112 0-347 21,700 0-23 


The velocity of bromination of ketones in 75% acetic acid is almost immeasurably 
slow in the absence of a catalyst, and the addition of either hydrochloric acid or sodium 
acetate causes a very marked acceleration. There can be no doubt, therefore, that the 
results obtained in this work represent the speeds of prototropy by the ‘‘ acid ’”’ and “‘ basic ”’ 
mechanisms respectively. For these changes we accept the schemes put forward by Watson, 
Nathan, and Laurie (J. Chem. Physics, 1935, 3,170; compare Part I for acid catalysis), 
according to which the measured energy of activation is that concerned in the initial 
collision of ketone and catalyst, while the P factor of the kinetic equation k= PZe—*/®? 
is determined, largely at least, by the proportion of the activated complex which is trans- 
formed into enol or enol ion. The mechanism of the base-catalysed change, which is here 
under consideration, may be represented as 


Co : 6 - 
RCH,CZ +B <> RCH,CLB — RCH=CK +H +B 
-\Ph \ph Ph 


The energy of activation for the acid-catalysed prototropy of propiophenone, as shown 
in Part I, has a value which is approximately 2000 cals. higher than the corresponding 
value for acetophenone. Further lengthening or branching of the alkyl chain (as, e.g., in 
n- and iso-butyrophenones) has only a small effect upon EZ, however, and this has been 
confirmed by the new measurements on isovalero- 
phenone. The base-catalysed prototropy of the 
same ketones offers a striking contrast in that there 
is no sudden change in E, but a relatively small 
increment (of some 300—500 cals.) in passing from 
acetophenone to propiophenone and from the latter 
to n-butyrophenone, at which point a maximum 
value appears to be reached since -valerophenone 
shows no further increase. The values for m- and 
iso-valerophenones differ by 400 cals. only, but there 
is a difference of 1000 cals. between CH,Me-COPh 
and CHMe,‘COPh. Moreover, the change in E on 
replacing hydrogen of acetophenone by an alkyl 
group is in the same direction for the base-catalysed 
reaction as for the acid-catalysed change, in spite of 
their opposite polar types as indicated by the 
influence of substituents in the nucleus (Evans, 19,000) 0-5 10 15 
Morgan, and Watson, J., 1935, 1167; Morgan and Log 10*xKegce. 

Watson, loc. cit.). These two significant observ- Base-catalysed prototropy of CH,R-CO-Ph. 
ations are discussed in the sequel. 

It is also interesting that the value of E for the base-catalysed reaction is lower than 
that for the acid-catalysed change of the same ketone, whereas the reverse is the case for 
acetone (Smith, J., 1934, 1744); this must be due to the presence of pheny] in the ketones 
dealt with here, and is reminiscent of the greater strength of benzoic than of acetic acid, 

The diagram shows the plot of E against log &,,. and the straight lines have the slope 
— 2:303RT; points falling on the same line represent ketones which give the same value 
for P. It is clear, therefore, that the value of P for the base-catalysed prototropy of all 
the ketones above acetophenone is almost the same; it is, however, rather less than that 
found in the case of acetophenone. This contrasts again with the phenomena observed in 
the acid-catalysed prototropy of the same ketones (Part I), where P increases by a power 
of ten from aceto- to propio-phenone and then decreases very gradually for the straight- 
chain derivatives but more markedly for the branched-chain compounds. This further 
contrast between acid- and base-catalysed prototropy is considered below. 

5A 
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The rise in both E and P from acetophenone to propiophenone in acid-catalysed 
prototropy is unparalleled throughout the whole investigation of the acetophenone system ; 
for example, the introduction of a #-nitro-group raises E by less than 1000 cals., whereas 
the difference encountered here is 2000 cals. It is evident, therefore, that the substitution 
of methyl in the side chain of acetophenone must cause the operation of some additional 
and powerful factor. In Part I, a hydrogen bond linking the 8-carbon with carbonyl 
oxygen was postulated, and we believe that the new observations are in complete harmony 
with this conception. It is necessary, however, to emphasise two extensions of this idea 
which were made by Dippy, Evans, Gordon, Lewis, and Watson (J., 1937, 1421). The 
suggestion of Sidgwick and Callow (J., 1924, 125, 538) that the hydrogen of an alkyl group 
might, in favourable circumstances, become linked (by resonance) to an electron-donating 
atom (e.g., in o-nitrotoluene) was adopted by these authors to interpret the relatively high 
dissociation constant of o-toluic acid; the hydrogen bond was regarded as being possible 
in the anion, the negative charge assisting its formation. This may perhaps be regarded 
as an attempt to give a more definite description of the interaction of a methyl group with 
carboxyl which was suggested originally by Bennett and Mosses (J., 1930, 2367). The 
presence of the bond in an ester such as ethyl o-toluate in its normal condition was not 
suggested, however, and the kinetics of the hydrolysis of this ester were explained by 
supposing that the “‘ bond ”’ is formed simultaneously with the approach of the attacking 
ion, and is therefore present im the transition complex. In the case of the phenyl alkyl 
ketones now under consideration, we adopt the same idea, 1.e., the ketones in their normal 
condition are not regarded as having a hydrogen bond. This is in harmony with the 
experiments of Gillette (J. Amer. Chem. Soc., 1936, 58, 1143; private communication) 
and of Hilpert, Wulf, Hendricks, and Liddel (ibid., p. 548) on trimethylacetic acid and 
aldol respectively, which indicate the absence of a hydrogen bond in these compounds. 
During the catalysed prototropy of ketones, we consider that the formation of the hydrogen 
bond occurs simultaneously with the approach of the catalyst, t.¢., while the electromeric 


C™x 
change C—O is taking place. The bond reduces the electron-availability at carbonyl 
oxygen, and thereby makes the addition of the acid catalyst more difficult; the activation 
energy is therefore high. 

Dippy, Evans, Gordon, Lewis, and Watson (loc. cit., p. 1425) also deduced that the 
effect of the hydrogen bond upon the energy of activation for alkaline hydrolysis will be 
small or negligible, since the attacking ion becomes linked at carbon and not at oxygen. 
We now suppose, therefore, that the hydrogen bond formed in the complex of a ketone 
and a basic catalyst will have no perceptible influence upon E, and there should therefore 
be no sudden rise in E in passing from acetophenone to propiophenone. The effect upon 
P is considered later. 

Discussion of E Values.—The absence of a sudden rise in E at one point of the series 
of ketones under examination, predicted above, is completely borne out by experiment. 
There is no sudden increase at propiophenone, but a gradual rise as the chain lengthens, 
leading to a constant maximum value. We attribute this to the increasing inductive effect 
of the alkyl group (Me<Et<n-Pr, etc.), and the larger increment observed in the branched- 
chain ketones, CHMe,-COPh and CHMe,’CH,-COPh is in harmony with this view. In the 
acid-catalysed change the relatively powerful effect of the hydrogen bond takes control, 
but there is even here a definite tendency for E to fall slowly (in accordance with an 
increasing -+- I effect of the alkyl group) as the series is ascended beyond propiophenone 
(see Part I). 

This smal], but nevertheless detectable, fall in E for the acid-catalysed reaction as the 
alkyl chain lengthens would lead, however, to the expectation of an appreciably smaller. 
E for isobutyrophenone, CHMe,-COPh, than for propiophenone. This is not the case, for 
the two values are identical (Part I), and there must therefore be some compensating 
factor in the former. It seems reasonable to suppose that, although the presence of the 
two 6-methyl groups in isobutyrophenone will increase the tendency for formation of the 
hydrogen bond, only one 8-carbon can be involved at the same instant, and therefore the 
influence of the bond upon E will be the same in this ketone as in propiophenone. The 
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equality in the observed energies of activation may be due, however, to the smailer electron 
release from the secondary alkyl group than from the primary group by the mechanism 
postulated by Baker and Nathan (J., 1935, 1844)* which is referred to more fully in Part III 
(following paper); this effect is likely to be more pronounced in acid catalysis (which 
requires accession of electrons to the point of attack) than in basic catalysis, and in the 
latter case the inductive effect is therefore the only important factor governing the energy 


of activation. 
Discussion of the P Factor.—We.regard the P factor as governed mainly by the 


proportion of the transition complex which is transformed into enol or enol ion. On our 
view of a hydrogen bond linking carbonyl oxygen with $-carbon, the complex will be a 
resonance hybrid including structures such as (I) and (II) for acid catalysis and (III) and 
(IV) (where B = OAc, etc.) for base catalysis. The ketone—acid complex, (I) and (II), 


@ 8 @ 
R—CH—CH,—C—Ph R—CH—CH,—C—Ph 
H H H————_0—H 

® 

(I.) (II.) 

B B 

= catia one a ese 
H-—-——_ 
(III.) (IV.) 


contains a carbon atom having a deficiency of electrons, and it is reasonable to suppose 
that the driving force in the transformation of the complex (into the enol or the original 
ketonic form) is the tendency of this atom to complete its octet. Now, the participation 


x) 
of the structure (II) will operate against the electromeric change c-£—0 -> C—C—0 


which leads to the original ketone, with the consequence that the proportion of the complex 
transformed into enol is increased. Thus P is greater for propiophenone than for aceto- 
phenone. Variation in the group R will influence the ease with which «-proton can ionise 
(a necessary step in the production of enol, but not of ketone), and this accounts for the 
small but measurable fall in P in the ketones higher than propiophenone, and particularly 
in isobutyrophenone, where a second methyl group with its + I effect is linked directly to 
C, (compare also the decrease in P on passing from u- to iso-valerophenone). In the 
light of our new results we consider this interpretation of the variation in P more probable 
than that put forward tentatively in Part I. 

The complex including a basic catalyst, (III) and (IV), is of a different character, however. 
The carbonyl carbon has become saturated, and the tendency towards octet completion 
does not therefore exist; in fact, the electromeric change leading to the enolic or ketonic 
forms.can occur only subsequently to or simultaneously with the withdrawal of the catalyst, 
and any factors tending to facilitate or oppose such withdrawal will influence equally the 
formation of both possible tautomerides. But the removal of «-hydrogen is required only 
for the production of enol. The ease with which this proton can ionise now becomes, 
therefore, the principal factor determining the proportion of enolic and ketonic forms into 
which the complex is transformed. The participation of structure (IV), with its negative 
charge at Cg, is definitely unfavourable to the removal of «-proton, and therefore the fall in 
P in passing from acetophenone to propiophenone is in accord with expectations. More- 
over, the influence of the negative charge at Cg is not here neutralised by any neighbouring 
positive charge (as in II, for example), and is thus so powerful that the relatively small 
variation in the inductive effect of R has now no detectable influence. 

The postulate of a hydrogen bond in the transition complex thus provides a reasonable 


* The necessary “‘ compensating factor ” might be an effect of opposite sign decreasing in the order 
secondary>primary, as postulated by Dippy (J., 1937, 1777), but the distinction between the acid- 
and base-catalysed reactions is not here so apparent. 
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explanation of the rise in P from acetophenone to propiophenone in acid-catalysed 
prototropy, whereas there is a fall in the base-catalysed reaction. 

Further Remarks concerning the Hydrogen Bond.—It has been shown. above that the 
formation of a hydrogen bond linking carbonyl oxygen with @-carbon in the transition 
complex provides a satisfactory interpretation of the principal observations described here 
and in Part 1; these are (a) the marked rise in E and P from acetophenone to propiophenone 
in acid-catalysed prototropy, (b) the absence of irregularities in the E values for base- 
catalysed prototropy, (c) the variations in P for the two changes. We know of no other 
interpretation which is applicable to all these facts, and we consider the presence of a 
hydrogen bond in the complex as very probable. 

The relative stabilities of the cyanohydrins of phenyl alkyl ketones (Lapworth and 
Manske, J., 1930, 1976) are in harmony with the same conceptions. There is a marked 
increase in stability from acetophenone to propiophenone and then a gradual but consistent 
decrease as the m-series is ascended (cf. E for the acid-catalysed prototropy of the same 
ketones). On our view, the cyanohydrin ions derived from propiophenone and the higher 
n-alkyl ketones will be in resonance between structures such as (V) and (VI). There is 


R-CH-CHyCPh-CN R-CH-CH,-CPh-CN 
H 08 H——0 
(V.) (VI.) 


here no question of the removal of an a-hydrogen or of a carbon atom with an incomplete 


re 2 
octet; in the dissociation of the cyanohydrin the controlling process is O—C—CN, and 
this is influenced unfavourably by the participation of the structure (VI), leading to the 
increased stability oberved in the cyanohydrin of propiophenone. The decreasing stability 
beyond this point is then due, in all probability, to the inductive effect of R, and the marked 
rise in stability of the cyanohydrins of the series CH,Me-COPh, CHMe,°COPh, CMe,-COPh 
may be interpreted in the light of the Baker—Nathan effect. 

One feature of Lapworth and Manske’s results is of great significance. A similar order 
of stabilities is not found in dialkyl ketones, nor is there a sudden change in the rate of acid- 
catalysed prototropy of aliphatic ketones at any point in the series (Dawson and Wheatley, 
J., 1910, 97, 2048). The velocities of formation of bisulphite compounds and 
oximes by aliphatic ketones, moreover, are in accordance with the inductive effects of 
the alkyl groups (Stewart, J., 1905, 87, 185, 410). This suggests that it is necessary, for 
the formation of the hydrogen bond, that the movement of the carbon atom concerned 
should be restricted. In the phenyl alkyl ketones, one valency of the carbonyl carbon is 
occupied by phenyl, and this will provide adequate restriction of the movement of the 
alkyl chain to keep the @-carbon in the position necessary for hydrogen-bond formation, 
and in the o-substituted benzoic esters the o-group is similarly restricted in its movements 
by the nuclear linkage with carbethoxyl. Given the necessary damping of the movement 
in space for formation of the bond, the energy of the resonance structure will then probably 
keep the complex in this state until it is ruptured to yield products or reagents. In the 
aliphatic esters dealt with in Part III (following paper), branching at the a-carbon appears 
to provide the necessary conditions. 


EXPERIMENTAL. 


Materials.—Acetophenone, propiophenone, n-butyro- and u-valero-phenones were obtained 
and purified as described in Part I. isoButyro- and isovalero-phenones were prepared by the 
Grignard synthesis previously employed for the -valero-compound. The isovalerophenone 
had b. p. 126°/20 mm.; u}” 15127; semicarbazone, needles from aqueous alcohol, m. p. 209° 
(Auwers, Ber., 1912, 45, 2771, gives m. p. 208—209°); 2: 4-dinitrophenylhydrazone, crimson 
plates from aqueous acetic acid, m. p. 131-5°. 

Velocity Determinations.—The experimental procedure was similar to that employed in 
Part I. The medium consisted of 75% aqueous acetic acid (by vol.), made up at each 
temperature, and contained 20 g. of sodium acetate per litre (for basic catalysis) or 0-5m.- 
hydrochloric acid (for acid catalysis). The base-catalysed reactions were followed by running 
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20 ml. of reaction mixture at measured intervals into 80 ml. of a solution containing 50% excess 
of potassium iodide over the anticipated titre and 20 ml. of n/4-hydrochloric acid. The liberated 
iodine was titrated with n/50-thiosulphate, starch being the indicator. Carbon tetrachloride 
was added finally in those cases where the bromo-ketone separated during the titration. A 
typical set of results is included below. 


Bromination of propiophenone at 55°. 


Time (mins.) 94 162 241 
Titre, ml. of n/50-Na,S,O, 8-36 6-82 5-16 
Fall in titre 2-04 3-58 5-24 

0-0217 0-0221 00217 Mean 00218 


The authors are indebted to Dr. H. B. Watson for his interest and encouragement, and to 
Messrs. Imperial Chemical Industries, Ltd., for grants. 


THE TECHNICAL COLLEGE, CARDIFF. [Received, June 10th, 1938.] 


Note, added August 9th, 1938.—Since the preparation of this paper, the prototropy of phenyl 
alkyl ketones has been discussed by Ayling (this vol., p. 1014), who adopts the view of Bennett 
and Mosses in its original form; 7.e., he postulates an interaction of alkyl groups with carbonyl 
oxygen but regards this as a “ field effect ’’ and not as due to hydrogen-bond formation. The 
relatively high value of E found for the acid-catalysed prototropy of propiophenone is ascribed 
to the depressing effect of the «-methyl group upon the ease of ionisation of the proton; on the 
basis of the mechanism which we have accepted, this would decrease P and not influence E, 
whereas actually P increases by a power of 10 and E by 2000 cals. It is difficult to see how, on 
any mechanism, methyl can increase E for a reaction which is known to be of Type A, unless 
some factor quite distinct from its inductive effect isin operation Actually, Ayling’s argument 
might lead to the expectation of a sudden rise in E at propiophenone in base-catalysed 
prototropy, and the work described above shows that this is not the case. Returning to the 
acid-catalysed reaction, the small and irregular changes in velocity for the ketones above 
propiophenone are due, of course, to the simultaneous gradual fall in E and P, and have, in 
themselves, no significance. It was further pointed out in Part I that the electron-attractive 
character of carbonyl is regarded as sufficient to make possible the formation of the bond by 
§-hydrogen; if, as we believe, the carbonyl carbon in the ketone—acid complex becomes far more 
positive than it is in the ketone itself (and even in the latter a dipole moment of about 2-7 p. is 
observed), there is still less difficulty in believing in the possibility of hydrogen-bond formation. 





272. The Influence of Alkyl Groups upon Reaction Velocities in Solution. 
Part III. The Alkaline Hydrolysis of Saturated Aliphatic Esters. 


By Davip P. Evans, JAMEs J. GoRDON, and H. B. Watson. 


A kinetic study is described of the alkaline hydrolysis of twelve esters, R-CO,Et, 
where R varies from CH, toC,H,,. Analysis of the results on the basis of the equation 
k = PZe~#!R? shows that the changes in velocity are due almost entirely to changes in 
the energy of activation except for esters in which the alkyl chain branches at the 
a-carbon atom. As a rule, E varies in accordance with the inductive effect of R. 
Certain deviations from these generalisations are discussed, and conclusions are drawn 
regarding the causes of irregularities in the effects of alkyl groups upon reactivity. 


THE investigation of the prototropy of phenyl alkyl ketones, described in Parts I and II 
of this series (Evans, J., 1936, 785; Evans and Gordon, preceding paper), was undertaken 
in order to obtain further data relating to the effects of alkyl groups upon reactivity. This 
work has now been extended to include a kinetic study of the alkaline hydrolysis of the 
ethyl esters of twelve saturated aliphatic acids in 85% alcohol. The results, recorded in 
the table below, indicate that the velocity coefficients (1. g.-mol.~! sec.“1) for the m-esters 
decrease regularly from acetic to m-butyric ester and then remain almost constant as the 
series is further ascended to -octoic ester. Branched chain esters are hydrolysed more 
slowly than their normal isomerides, while ethyl trimethyl- and diethyl-acetates are 
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markedly slow (compare Reicher, Annalen, 1885, 228, 257 and later; Kindler, ibid., 1927, 
452, 90; Ber., 1937, 70, 2792). The values of the energy of activation are calculated from 
the plot of log & against 1/7, which gives a good straight line in each case. 


Ethyl ester. 10°k,,°. 10°k 5°. 1072 59°. E (cals.). 
6-21 13-6 38-7 14,200 
3-63 8-31 24-7 14,500 
1-72 3-94 12-2 15,000 
isoButyric 0-801 1-84 5-72 14,500 
n-Valeric 1-92 4-42 13-3 14,700 
isoValeric 0-427 1-02 3-34 15,700 
Methylethylacetic 0-308 0-735 2-36 15,400 
Trimethylacetic 0-0254 0-0635 0-241 16,500 
2-07 4-81 14-5 14,800 
Diethylacetic 0-0157 0-0409 0-154 17,400 
n-Heptoic 1-79 4-06 12-7 15,000 
n-Octoic 1-84 4-30 13-3 15,000 


The plot of E against log ,,. is shown in the figure, where the straight line has the 
slope — 2:303RT ; the value of P in the kinetic equation k = PZe~*/®* is the same for those 
esters which give points on this line. Inspection of the figure reveals the following facts. 
(a) In esters which are not branched at the «-carbon atom, the changes in velocity are due 
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almost entirely to changes in E; (b) E increases gradually as the normal series is ascended 
and tends to reach a constant maximum; (c) £ is much higher for isovaleric ester than for 
its n-isomeride, but (d) ethyl ssobutyrate gives a value of E which is smaller than that for 
ethyl n-butyrate and equal to that for ethyl propionate; (e) diethylacetic ester gives a 
very high value of E, much higher than that found for trimethylacetic ester; (f) branching 
at the a-carbon atom leads to a lower value of P; in actual magnitude this fall is not large 
(e.g., for isobutyric and trimethylacetic esters P is about one-sixth of the value for the 
n-esters), but in view of the reproducibility of our results and the constancy of P for the 
normal esters we feel that this decrease must be considered in any interpretation of 
the observations. 

Any possible complexity of the second stage of the process being disregarded, the 
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mechanism of the hydrolysis of an ester by hydroxyl ion may be written (compare J., 


1937, 1431) 
8 


y, ° LQ ° 
R-c? + OH = R-—CCOOH —> RCO-O + EtOH 
NOEt OEt 


In the sequel, the above observations will be discussed on the basis of this mechanism, 
with introduction of the assumptions that the energy of activation is associated with the 
production of the transition complex and that the non-exponential factor of the kinetic 
equation is determined very largely by the proportion of this complex which actually 
yields the reaction products (as an alternative, of course, to a simple breakdown to give 
the initial reagents). An attempt will also be made to place the new facts recorded in this 
series of communications in their appropriate environment with respect to other 
observations. 
EXPERIMENTAL. 

Materials.—Ethyl acetate, propionate, isobutyrate, u-butyrate, mu-hexoate, isovalerate, 
n-heptoate, and n-octoate were purchased and purified by repeated fractional distillation ; 
b. p.’s, 77°, 98°, 110°, 120°, 165°, 134-1° under 760 mm., and 114°, 104° under 80 mm. 
respectively. Ethyl n-valerate and ethyl diethylacetate were prepared by esterification of the 
acids, and purified by redistillation; b. p.’s, 145° and 151° under 760 mm. Trimethylacetic 
acid was prepared by the Grignard synthesis (‘‘ Organic Syntheses,” Coll. Vol. I., p. 510) and 
esterified to give the ethyl ester, b. p. 119°/760 mm. Ethyl methylethylacetate was obtained 
by esterifying the acid prepared by the method of Conrad and Bischoff (Aunalen, 1880, 204, 
151); b. p. 132°/760 mm. 

Velocity Measurements.—The velocity determinations were carried out in 85% aqueous 
alcohol (by weight) in the same manner as described by Evans, Gordon, and Watson (J., 1937, 
1430). A typical set of results is given below, in which &, is the bimolecular velocity coefficient. 


Hydrolysis of Ethyl n-Hexoate at 50°. 
[Ester] = [NaOH] = 0-0478m. 


10 Ml. of reaction mixture were pipetted into 10 ml. of 0-06963N-HCI, and the mixture 
titrated with 0-05158N-NaOH, bromothymol-blue being the indicator. 
Time (secs.) 600 900 1200 1500 1800 2340 


NaOH titre (ml.) ......... 5-82 6-95 7°81 8-40 8-95 9-40 9-99 
10° , 14-5 14-6 14-3 14-5 14-7 14-7 Mean 14-5 


DISCUSSION. 


The results of chemical and physicochemical investigations in diverse fields have led 
to the conclusion that, relatively to hydrogen, alkyl groups repel electrons by an inductive 
mechanism. This was pointed out by Lucas and Jameson (J. Amer. Chem. Soc., 1924, 46, 
2475) and by Allan, Oxford, Robinson, and Smith (J., 1926, 405). Since, however, the 
dipole moments of all saturated aliphatic hydrocarbons are zero, it must be supposed that 
this +- I effect operates only when it is stimulated by other groups (Ingold, Chem. Reviews, 
1934, 15, 238). This view of the polar effects of alkyl groups is in harmony with nearly 
all recorded observations. As Dippy and Page have pointed out, however (this vol., p. 
358), certain peculiarities are observed when the group is linked to oxygen; acids having 
methoxyl as substituent (e.g., CH,O-CH,-CO,H) are actually stronger than their analogues 
containing hydroxyl (e.g., HO-CH,-CO,H), and phenol is more susceptible to nuclear 
substitution by electrophilic reagents than is anisole. Again, the calculations of Groves 
and Sugden (J., 1937, 1992), equal valency angles being assumed in the two cases, lead to a 
much larger value for the mesomeric moment in the former (1-12) than in the latter (0-4). 
Such a line of facts might lead to the conclusion (suggested by Dippy, this vol., p. 1224) 
that alkyl groups when linked to oxygen are electron-attractive, a possibility foreshadowed 
by Ingold (loc. cit.); on the other hand, the problem may be one of valency angles, a 
suggestion which would doubtless be accepted (cf. Smyth, Chem. Reviews, 1929, 6, 560) 
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when applied to the dipole moments of water (1-84), methyl alcohol (1-69), and zsopropyl 
alcohol (1-63), which fall, whereas those of the corresponding halogen compounds rise. 

The electron-repulsive character of alkyl groups in general being accepted, it is a logical 
deduction that the magnitude of the effect should increase with the length of the group, and 
also in such series as CH,<CH,Me<CHMe,<CMesg, for the higher groups are all derived 
from the lower by successive replacements of H by CHs. This order is found in a number 
of instances, of which the following are representative; (1) dipole moments of the lower 
alkyl halides (Groves and Sugden, J., 1937, 158); (2) decomposition of mercury dialkyls 
(Kharasch and Flenner, ]. Amer. Chem. Soc., 1932, 54, 674); (3) directive influences in the 
nitration of quinol methyl alkyl ethers (Robinson and Smith, J., 1926, 392; 1927, 2647), 
of phenylalkylsulphones (Baldwin and Robinson, J., 1932, 1445), and of a series of benzoic 
esters (Zaki, J., 1928, 983; the small deviations here seem to be insignificant) ; (4) velocity 
of formation of bisulphite compounds and of oximes from aliphatic ketones (Stewart, J., 
1905, 87, 185, 410); (5) the ratio koy/kg for the alkaline hydrolysis of glyceric esters (Ingold 
et al., J., 1930, 1057). Kinetic studies of the alkaline hydrolysis (Smith and Olsson, Z. 
physikal. Chem., 1925, 118, 99,107) or ammonolysis (French and Wrightsman, J. Amer. 
Chem. Soc., 1938, 60, 50) of a series of esters of acetic acid indicate no considerable departure 
from the order of inductive effects of the alkyl groups except for a low value of the 
probability factor P (for which no explanation at present seems possible) in the cases of 
sec.-butyl and —CMe,Pr. 

In the alkaline hydrolyses with which this paper deals, there is a gradual rise in the 
energy of activation as the m-series of esters is ascended (observation b, above), and we 
attribute this to the increasing inductive effect of the group R in R-CO,Et. The relatively 
high value of E given by ethyl isovalerate (observation c) is also in harmony with the 
anticipated magnitude of the inductive effects (isobutyl>n-butyl). It has been pointed 
out in Part II that the energies of activation for the base-catalysed prototropy of a series 
of phenyl alkyl ketones are also in the order of the inductive effects of the alkyl groups. 

The remaining facts which have been revealed by the investigation here described 
(observations d, e, and f) cannot be interpreted so simply, however. Indeed, a survey of 
relevant literature shows that the instances where alkyl groups place themselves strictly 
in their theoretical order are probably outnumbered by those where other influences are 
evident at some point in the series. Such influences may be manifested only in certain 
branched alkyl chains, but they frequently make themselves felt in straight chains also. 
In some of the above examples where the anticipated polar sequence is maintained, a 
departure from this order might well have been observed, in fact, had the study included a 
larger number of groups. 

In certain cases, apparent peculiarities in the relative effects of alkyl groups are to be 
ascribed to a change in the reaction mechanism rather than to any feature of the group 
itself (other than its inductive effect); this has been demonstrated in a convincing manner 
by Hughes and Ingold (J., 1935, 244, and later papers*). This does not appear to lead to 
any considerable departure of m-alkyl groups from the theoretical sequence, however ; 
primary groups give a reaction of the same mechanistic type (and the same applies to 
secondary and to tertiary groups). The present work has not revealed further instances 
which should be placed in this category, but anomalies of three different kinds are illustrated 
by our observations d, e, and f. These will now be discussed. 


Observation (d): Equality of E for Propionic and isoButyric Esters—The energies of 
activation for the hydrolysis of acetic, propionic, isobutyric, and trimethylacetic esters 
(in general R-CO,Et) stand in the order Me<Et~iso-Pr<fert.-Bu, and the same equality 
in the effects of Et and iso-Pr is found in the dissociation constants of the corresponding 
acids (Dippy, /oc. cét.) and in the energies of activation for the acid-catalysed prototropy 
of ketones R-COPh (Part I). Dippy points out that these observations are no doubt 
related to the anomalous order found by Baker, Dippy, and Page (J., 1937, 1774) in the 
strengths of the p-alkyl-benzoic acids, viz., Me<Et~iso-Pr>+¢ert.-Bu. It is evident that in 


* Additional strength has been given to the view of Hughes and Ingold in a paper published (this 
vol., p. 881) since the above was written. 
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these systems the fofal electron repulsion of the isopropyl and the ethyl group must be 
equal, in spite of the different inductive effects, and such equality indicates the operation 
of some other factor. 

Baker and Nathan (J., 1935, 1844) have suggested an interpretation of peculiarities 
observed on substitution of the hydrogen atoms of a methyl group linked to a suitable 
system (the most obvious example, of course, being the predominating substitution at the 
2-position in certain p-alkyltoluenes; for other instances see Baker and Nathan’s paper). 
On their view, the C-H electron pairs of methyl can come under the control of the adjacent 
nucleus, giving rise to an effect superimposed upon and of the same sign as the inductive 
effect; its magnitude will decrease as the hydrogen atoms of CHg are replaced. Dippy has 
suggested (J., 1937, 1777) that the facts might also be explained in terms of an effect 
opposite ‘in sign to the inductive effect and decreasing in magnitude from #ert.-Bu to Me. 
In either case the combination of the inductive effect and the additional effect could lead 
to a resultant varying in amy order for the groups referred to above, since the relative 
magnitudes of the two effects will vary widely in different systems, ¢.g., in the two series 
of acids quoted. 

In the case of propionic and isobutyric esters, now under discussion, the larger inductive 
effect of the secondary (iso-Pr) group appears to be balanced by its smaller electron release 
by the second effect.* It is implicit in Baker and Nathan’s suggestion that their effect 
should be most pronounced when accession of electrons to the point of reaction is required, 
and this is illustrated in the acid- and base-catalysed prototropy of phenyl alkyl ketones, 
where it is observed in the former but not the latter (see Part II). In the present instance 
the effect appears to operate in a reaction of the opposite type (cf. also Baker, Nathan, and 
Shoppee, J., 1935, 1847). 

Observation (e): High Value of E for Diethylacetic Ester —The energy of activation for 
the alkaline hydrolysis of ethyl diethylacetate is considerably higher than that for ethyl 
trimethylacetate. The tertiary group certainly has the larger inductive effect, and this 
appears to be an instance in which ethyl has some effect peculiar to itself. Many comparable 
examples have been recorded from time to time. Thus, in a study of the directive influences 
of groups RO upon the nitration of guaiacol ethers of the general formula o-RO-C,H,-OCHsg, 
Allan and Robinson (J., 1926, 376; cf. Allan, Oxford, Robinson, and Smith, zbid., p. 406) 
found a maximum at ethyl, whereas the quinol methyl alkyl ethers, ~-RO-C,H,-OCHs, 
show the theoretical order (Robinson and Smith, Joc. cit.). The unusual basic strengths of 
dialkylanilines and dialkyltoluidines containing ethyl (Hall and Sprinkle, J. Amer. Chem. 
Soc., 1932, 54, 3469) are also significant, and are illustrated by the following figures for 


Anilines. o-Toluidines. p-Toluidines. 
5-06 Et, 
5-98 
5-64 EtPr 
It does not seem possible at present to offer any explanation of these phenomena; the 
environment of the ethyl group is almost certainly an important factor. A further 
investigation is contemplated. 


Observation (f) : Decrease in P due to Branching at the «-Carbon Atom.—In the majority 
of the esters examined, the P factor does not change (observation a), but branching at the 
«-carbon atom (as, ¢.g., in ssobutyric and trimethylacetic esters) leads to a lower P value. 
This decrease in P for ethyl isobutyrate has previously been indicated by the results of 
Newling and Hinshelwood (J., 1936, 1357) for both acid and alkaline hydrolysis. We 
suggest that it is due to hydrogen-bond formation between ®-carbon and carbonyl oxygen 
(which will not influence E perceptibly: see J., 1937, 1425), the process occurring 


* An alternative explanation of the equality of E in the acid-catalysed prototropy of propio- and 
isobutyro-phenones was considered in Part II and rejected on grounds there given. This explanation 
was based upon an increased tendency to “ chelation ’’ when two alkyl groups are suitably placed. It 
is not applicable in the present case, since E is here not influenced by the hydrogen bond; nor is it 
capable of explaining the equality of the dissociation constants of propionic and isobutyric acids and 
of p-ethyl- and p-isopropyl-benzoic acids. 
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simultaneously with the approach of the negative ion. The complex will then be a 
resonance hybrid including forms (I) and (II). The probability of the formation of a 


OH ° OH 
CH,—CR,—C—OEt CH,—CR,—C—OEt 
H 0° H———0 


(L.) (II.) 


hydrogen bond in cases of this kind has been discussed fully in Part II, and only the 
following additional remarks are necessary here. Branching at the a-carbon appears to be 
necessary, since there is no fall of P at propionic ester; perhaps this provides the necessary 
restriction of movement (see Part II). Then, whereas isobutyric and trimethylacetic esters 
give equal P factors (a line joining the points representing these has approximately the 
theoretical slope — 2-303RT), in methylethyl- and diethyl-acetic esters there is a distinct 
increase towards the higher value associated with the normal esters. This may be due 
to a smaller tendency, in this system, for 8-methylene (e.g., in CHEt,-CO,Et) to form a 
hydrogen bond than for 6-methyl (e.g., in CHMe,-CO,Et) to do so. 

In the alkaline hydrolysis of aliphatic esters, as also in the prototropy of phenyl alkyl 
ketones (Parts I and II), the postulated hydrogen bond leads to the completion of a five- 
membered “chelate ring.”” On the other hand, in the anion of o-toluic acid and the 
transition complex in the alkaline hydrolysis of ethyl o-toluate the results are interpretable 
on the basis of a six-membered ring (Dippy, Evans, Gordon, Lewis, and Watson, J., 1937, 
1421). An enhancement of strength, at m-butyric acid, as the aliphatic carboxylic acid 
series is ascended, also leads to the postulation of a ring of six atoms (Dippy, loc. cit.). It 
should be pointed out, however, that the complexes formed by the catalyst with a ketone or 
by the hydroxyl ion with a saturated ester contain single bonds only, whereas in the 
carboxylate anion and the o-toluic ester complex the “ chelate ring ’’ has either one or two 
bonds with characters approaching those of a double linkage. This difference will be 
reflected in the natural valency angles (of which we have no precise knowledge in cases 
of this type), and the electron-donating oxygen atom will react with the hydrogen which is 
most favourably placed. 

The following is a summary of our general conclusions. Alkyl groups sometimes 
influence reactivity in accordance with their inductive effects, but there are numerous 
instances of departure from this sequence. It appears that, in the majority of cases, 
irregularities may be ascribed to one of three causes, viz., change in reaction mechanism 
(demonstrated by Hughes and Ingold), an effect of substitution in «-methyl (first pointed 
out by Baker and Nathan), and an interaction of hydrogen with an electron-donating atom 
(which, we consider, involves the formation of a hydrogen bond). There are a few instances, 
however, exemplified by a peculiar effect sometimes shown by the ethyl group, which fall 
outside this scheme. 
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273. Studies in Dielectric Polarisation. Part XXIII. The Dipole 
Moments of Some Aliphatic and Aromatic Aldehydes and of Anthrone. 


By Denys I. CooMBER and JAMES R. PARTINGTON. 


The dipole moments of a number of aldehydes have been measured. The moments 
of the lower aliphatic aldehydes are discussed from the point of view of the series effect. 
From the moments of benzaldehyde and its substituted derivatives an angle of 55° 
between the axis of the ring and the C—O direction is found. Allowance for inter- 
action moment in the ~-substituted compounds is made by a comparison with the 
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corresponding acid chlorides, and by an application of these results a value of 125° 
is found for the angle between the axes of the rings in benzophenone. The —-CHO 
groups in ~-phthalaldehyde are found to exhibit completely free rotation. 


In Parts XVI—XVIII (J., 1936, 158, 1175, 1178) the dipole moments of a number of acid 
chlorides were recorded. The work has now been extended to measurements on aldehydes 
and their derivatives, viz., some aliphatic aldehydes, chloral, bromal, benzaldehyde, and 
some #-substituted benzaldehydes. (A preliminary note on the results for aliphatic 
aldehydes was given in Nature, 1937, 139, 510.) The compounds listed in Table I have 
been investigated in benzene solution at 20°, and the results are given in Debye units 
together with those of previous measurements on aldehydes. 


TABLE I. 

DIE bssicescscininssivens 2-49 1 Trichloroacetaldehyde ...... 1-58 3 
PURVES oo ccccccscsesescicnss 2-54,1 2-4 2 Tribromoacetaldehyde ...... 1-69 ? 
n-Butaldehyde .................. 2-57,1 2-46 3 Phenylacetaldehyde ......... 2-48 1 
isoButaldehyde ..............000 2-58 } Benzaldehyde .........c.00.000. 2-96,1 2-75,° 2-77 7 
n-Valeraldehyde _.............4+ 2-57 3 p-Tolualdehyde ............... 3-30 5 
isoValeraldehyde .............+. 2-60 1 p-Bromobenzaldehyde ...... 2-19 § (dioxan 25°) 
Heptaldehyde ................s000 2-56 4 p-Chlorobenzaldehyde ...... 2-03 1 
a-Ethylhexaldehyde ............ 2-64 § p-Nitrobenzaldehyde ......... 2-41,1 2-4 & 

p-Phthalaldehyde ............ 2-35 8 

DUTT ssc <te ds cnsiccisesivtes 3-66 1 


1 Present research. 2 Herold and Wolf, Z. physikal. Chem., 1931, B, 12, 165. 3 Hassel and 
Naeshagen, ibid., 1929, B, 6, 152. 4 Errera and Sherrill, J. Amer. Chem. Soc., 1930, 52, 1993. 
5 Pearce and Berhenke, J. Physical Chem., 1935, 39, 1005. 6 J. W. Williams, J. Amer. Chem. Soc., 
1928, 50, 2350. 7 Goebel and Wenzke, ibid., 1937, 59, 2301. 8 Hassel and Naeshagen, Z. physikal. 
Chem., 1930, B, 6, 441. 


The moments of the following compounds have also been measured, but owing to 
experimental difficulties experienced by reason of the great tendency of the substances 
to polymerise, the results are less certain : 


a-Phenylpropaldehyde ............... 2-79 FIG * cos vnsosnescteacestcsepnesins 2-88 
B-Phenylpropaldehyde ............... 2-31 (2-34 in hexane) 


Aliphatic and Substituted Aliphatic Aldehydes.—The only published values of the 
moments of aldehydes in the vapour state are 2-68 (Zahn, Phystkal. Z., 1932, 33, 686) and 
2-72 (calculated by Hejendahl, Thesis, Copenhagen, 1928, 128, from the measurements 
of Pohrt, Ann. Physik, 1913, 42, 569) for acetaldehyde. No value for the moment of 
formaldehyde derived either from solution or from vapour measurements has been published. 

The moment of acetaldehyde in benzene is 2-49, that of propaldehyde, 2-54, is slightly 
greater, and the moments of the higher members attain a practically constant value (2-57). 
tsoButaldehyde and isovaleraldehyde have very slightly higher moments than the corre- 
sponding straight-chain compounds. This is a general result in an aliphatic series, although 
the difference in this case is of the same order as the experimental error. 

The difference between the moments of acetaldehyde and the constant value attained 
by the higher members of the series represents the moment induced in the chain by the 
primary dipole. This difference is considerably less than in many other series, ¢.g., the 
acid chlorides and the nitriles. The reason is probably to be sought in the smaller angle 
between the C,-C, axis of the carbon chain and the axis of the —CHO dipole, which 
must lie coincident with, or at a small angle to, the C—O direction. In the acid chlorides 
this angle is 164° (Part XVI, Joc. cit:), and in the aldehydes it is approximately 125° if 
the angles are assumed to be tetrahedral. This angle will be discussed later. The magni- 
tude of the induction effect in a series is, however, probably affected by a number of factors, 
including the polarisability of the groups forming the principal dipole (Cowley and Parting- 
ton, Nature, 1937, 140, 1100; this vol., p. 977). 

The moment of chloral, 1-58, can be composed of those of acetaldehyde and aaa- 
trichloroethane; the moment of the latter is 1-57 (Sutton, Proc. Roy. Soc., 1931, A, 133, 
669). The angle between the resultant aldehyde moment and the C,-C, axis is found 
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from a vector diagram (Fig. 1) to be 142°. This angle is considerably greater than the 
theoretical tetrahedral angle between a double and a single bond attached to carbon 
(125° 16’), but in the calculation no allowance has been made for 
Cl O the effect of the C—O moment on the very polarisable —CCl, group. 
\ WA The calculation of the latter effect is complicated by the difficulty 
Cl—C;—C, / 249 of locating the point at which the polarisability of the C—Cl, group 
can be assumed to act, and consequently by the uncertainty of the 

Cl small distances involved. 
57° Bromal has a higher moment (1-69) than chloral (1-58), which 
Fial. would be expected since the —CBr, moment is lower than the 

—CCl, moment. 

Phenylacetaldehyde has a moment of 2-48, which is about the same as that of acetalde- 
hyde (2-49) but considerably less than that of benzaldehyde (2-96, present measurements). 
In the series of acid chlorides, nitriles, and alkyl chlorides, the values of the moments 
of the benzyl compounds lie between those of the methyl and ethyl compounds, and in the 
series now studied the results are analogous (Part XVII, Joc. cit.). 

Acraldehyde has a moment of 2°88. A value of 3-54 has been obtained for crotonalde- 
hyde in carbon tetrachloride solution (Bentley, Trans. Faraday Soc., 1934, 30, ‘‘ Table of 
Dipole Moments ’’). The latter aldehyde would be expected to have a higher moment 
than the former since in it a methyl group has been substituted for a hydrogen atom attached 
to the unsaturated CH:CH-CHO group. It is possible that the moment of acraldehyde 
is lowered by polymerisation in solution. 

Benzaldehyde and Substituted Benzaldehydes—The moment of benzaldehyde (2-96) found 
is considerably higher than those previously reported. The material first used was puri- 
fied from a commercial specimen, and the results obtained with this were identical with 
those found for a specimen obtained from Kahlbaum (“for scientific purposes ’’). 

Williams (loc. cit.) obtained for the moment of benzaldehyde a value of 2-75, and Goebel 
and Wenzke (loc. cit.) a value of 2-77. The latter authors at the same time report a value 
of 2-77 for the moment of acetophenone. Other values for acetophenone are 2-97 (Hassel 
and Uhl, Z. physikal. Chem., 1930, B, 8, 187), 2-93 (Donle and Fuchs, ibid., 1933, B, 22, 
1), and 3-00 in the vapour state (Groves and Sugden, J. 1935, 974). Since the presence 
of benzoic acid as an impurity would lower the apparent moment (7.e., 16% of benzoic 
acid would lower the moment by 0-2 unit), it is considered that the higher value now re- 
ported for the moment of benzaldehyde is probably more correct than previous results. 

The values for the moment of benzophenone in benzene solution reported vary between 
2-95 and 3-03. Miiller (Physikal. Z., 1933, 34, 689) obtained a polarisation corresponding 
with 2-97, which we have confirmed. It thus appears that in benzene solution the moments 
of benzaldehyde, acetophenone, and benzophenone are all approximately the same, v7z., 
2-93—2-97. 

The moment of benzaldehyde may be derived from the following components (Fig. 
2): (1) The C—O moment: this is taken as 2-25 since the moment of acetaldehyde is 
2-5 and that of acetone 2-75 (average of several values in the supplementary list to the 
Discussion on Dipole Moments, Trans. Faraday Soc., 1934, 30); it agrees well with the 
vapour value calculated as 2-28 (Groves and Sugden, J., 1937, 1999). (2) The moments 
m, and m, induced by the C—O group in the polarisable atoms forming the benzene ring : 
m, is in the C—O direction and m, is at right angles to it. (3) An electromeric moment 
m, acting across the ring. (4) The C-H moment is formally 
neglected but ‘is really included in that of C—O. 

The induced moments m, and m, are calculated by the 
method of Smallwood and Herzfeld (J. Amer. Chem. Soc., 1930, 

52, 1919) for various possible values of 6, the angle between the 

C—O direction and the projection of the C,-C, axis of the ring Fra.2. 

(Fig. 2). The polarisability of the benzene ring is assumed to 

act at the centre and an average value of 1 x 10% cm.* is used. The C-C distance in the 
ring is taken as 1-40 a. and the Cgtiphatic"Caromatic distance as 1°50 A. These values are 
derived from electron diffractions (see Ann. Reports, 1937, 34,197). The C—O moment is 
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assumed to act at the point of contact of the carbon and oxygen atoms, i.e., at 0-70 a. from 
the carbon nucleus. The moments induced in a vacuum are multiplied by the factor 
(c + 2)/3e to allow for the presence of the medium (Frank, Proc. Roy. Soc., 1935, A, 
152, 171). 

For a particular value of 8, the electromeric moment in the ring, m,, is derived from 
a vector diagram with the use of the values of m, and m, determined above and the total 
moment of benzaldehyde (2-96). With this particular model the moments of #-chloro- 
and p-nitro-benzaldehydes and of f-tolualdehyde are calculated with the use of the moments 
0-4 for toluene, 1-55 for chlorobenzene, and 3-97 for nitrobenzene (average values in the 
literature). These calculations are made for various values of 6 and the calculated results 
are given in Table II, together with the experimental values for the #-substituted 
benzaldehydes. 

When a second substituent enters the para-position to the first in a benzene compound, 
the resultant dipole moment is not exactly the value which would be obtained by vector 
addition, even when the moments of both groups lie in the plane of the benzene ring. 
An interaction moment arises. Tiganik (Z. physikal. Chem., 1931, B, 13, 425) obtained 
values of 1-56, 3-97, and 2-57 for the moments of chloro-, nitro-, and #-chloronitro-benzene 
respectively. The moment of the last compound, calculated by vector addition from 
those of the two monosubstituted compounds, is 2-41, and the difference between this and 
the experimental value gives an interaction moment of 0-16. Similarly with p-bromo- 
nitrobenzene an interaction moment of 0-21 is obtained from the results of Tiganik. An 
interaction moment of 0-16 also exists in p-chlorophenyl isocyanate (Sidgwick, Sutton, 
and Thomas, J., 1933, 409). 

The figures given in parentheses are the interaction moments, or the moments which 
are added vectorially to the C,H;X group moment (where X = CH;-, Cl-, or —NO,) in 
order that the calculated moment of the -substituted benzaldehydes shall be equal to 
the observed values. These interaction moments are taken as negative when they act 
across the ring towards the aldehydo-group. 


TABLE IIT. 
Calculated moments. 


m,  p-ClC,HyCHO. -Me-C,HyCHO. #-NO,-C,H,CHO. 
0-47 1-85 (—0-32) 3-28 2-18 (+0-30) 
0-52 ‘ : fio 2-27 (+0-20) 
0-57 ; . sine 2-30 (0-16) 
0-63 ‘ -20) 2-33 (+0-08) 
0-71 . . 2-37 (+0-05) 
Experimental values. 
3-30 2-41 


This is illustrated in Fig. 3 for the case where 0 is 55°. p is the resultant benzaldehyde 
moment (including m,, my, and m ), ug, and uyo, are the chlorobenzene and the nitroben- 











zene moment, respectively, while uz and wg, are the corresponding interaction moments. 
#y and wp, are the resultant moments of f-chloro- and p-nitro-benzaldehyde, respectively, 
when the interaction moments yg and yy, are not included, while ug’ and Up, are the 
corresponding values when allowance is made for ug and yy,. 

_ If the interaction moments are neglected the angle is found to exceed 60°. This is 
improbable, since the theoretical angle on the classical ideas of tetrahedral carbon is 55°. 
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The interaction moments of the #-substituted benzoyl chlorides have been found 
(Part XVII, loc. cit.); the values are given in Table III together with the interaction 
moments taken from Table II for 6 = 55°. In the calculations‘in Part XVII the 
angle between the resultant —-COCl moment and the C-C axis was only 16° and was 


found independently. 


TABLE III. 
Interaction moments. 
p-Chlorobenzoyl chloride ...............++. —0-18 p-Chlorobenzaldehyde ..............+4++ — 0-25 
p-Nitrobenzoyl chloride .............2.++: +0-15 p-Nitrobenzaldehyde ...........-.seeeeee +0-16 
p-Methylbenzoyl chloride .................. — 0-09 p-Methylbenzaldehyde .................. —0-05 





The electromeric effect of the —CH,Cl group has a small value of an order comparable 
with that of the —CH, moment (Sutton, Proc. Roy. Soc., 1931, A, 133, 686). In view of 
this result it seems reasonable to suppose that the —CHO and the —COCI group have similar 
electromeric effects, and that the interaction moments in analogous compounds are 
approximately of the same order. 

The value 55—58° for 0, the angle between the C—O direction and the axis of the ben- 
zene ring, appears to agree quite well with the results for the f-substituted benzaldehydes 
when a reasonable allowance is made for the interaction moments. In subsequent cal- 
culations the values of m, corresponding to 8 = 55° in Table II are used. 

No electron-diffraction measurement with benzaldehyde appears in the literature. A 
value of 122° + 5° has been obtained for the C—C—O angle in acetaldehyde (Ackermann 
and Mayer, J. Chem. Physics, 1936, 4, 377), which gives a value of 58° for 9. 

p-Phthalaldehyde.—From the results for benzaldehyde, the moment of #-phthalalde- 
hyde can be calculated by assuming free rotation of the two —CHO groups (Fig.4). With 


2:25 
H + 
my "Sa 169 
am ty ae 
VY, Wy 169 
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the assumption of an angle of 55° between the C-C axis of the ring and each of the C—O 
groups, the use of the component moments 2-25, m,, m,, and my, corresponding to this 
angle (see Table II) leads to the result that the resultant moments reduce to two of magni- 
tude 1-69 at right angles to the axis of the ring and capable of rotating about it if there 


is no interference (Fig. 5). 
Williams’s formula (Z. physikal. Chem., 1928, A, 138, 75), viz., 


a 1 27 ’ d 2 
w= (2m sin 0.. cos $) d¢ 


gives for the calculated moment, on the assumption of completely free rotation, the value 
4/2 x 1-69 = 2-38. This agrees well with the experimental value of 2-35 obtained by 
Hassel and Naeshagen (Table I). The result supports the assumption that there is free 
rotation of the —CHO groups about the axis of the ring, and it also suggests that any 
possible resonance effect in these compounds does not hinder rotation. 

Benzophenone and p-Substituted Benzophenones.—These results can now be applied to 
benzophenone. The assumption is made that m,, the electromeric moment acting along 
the axis of the benzene ring in benzaldehyde, has the same value in each ring in benzo- 
phenone; m,’ and m,’ are the moments induced in the rings by the C—O moment (taken 
as 2-25 as before) respectively parallel to and perpendicular to its direction. These are 
calculated as in the case of benzaldehyde, except that in the present case m,’ moments 
always cancel (Fig. 6). Various values of 6’, the angle between the rings, are used. The 
first value of m, in Table IV corresponds to an angle of 9 = 55° in benzaldehyde, and the 
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second to an angle of 60°: the first’ is considered more probable. The total moment of 
benzophenone is then equal to 


yu = 2-25 + 2m,’ + 2m, cos (6’/2) 


The values of u, the moment of benzophenone, are given in Table IV. The experi- 
mental value is 2-97. 
TABLE IV. 
130° 125° 120° 110° 100° 
2-82 2-92 3-04 3-28 3-50 
125° 120° 110° 100° 
3-05 3-18 3-44 3-68 


If account is taken of the interaction moments in the #-substituted benzaldehydes, the 
angle (6’) between the axes of the rings in benzophenone is found to be about 123°. If, 
however, interaction moments are neglected, the angle 6 in benzaldehyde will be greater 
than 60°, and thence the C—C—O angle will be considerably smaller than the tetrahedral 
value (125° 16’). When the value of m, corresponding to this greater angle of 8 is used 
in the calculation for benzophenone the resulting value of 6’ is slightly greater than 130° 
(Tables II and IV). This may be compared with the value obtained from the dipole 
moments of the mono- and di-chlorobenzophenones, viz., 131—133° (Sutton and Hampson, 
Trans. Faraday Soc., 1935, 31, 945; Bergmann, Engel, and Meyer, Ber., 1932, 65, 446). 


155 
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The calculations of the moment of benzophenone make no allowance for the possibility 
of the moments m,, m,, and my, in one of the rings having an effect on the other ring. The 
principal moment acting in each ring is m, and a calculation of the effect of the moments 
m, in the other ring shows that the calculated moment of benzophenone will be 0-05 
higher, leading to an increase in the angle 6’ from 123° to 125°. 

In their calculations of the angle 6’ from the moments of the #-chlorobenzophenones, 
Sutton and Hampson (loc. cit.) make no allowance for any interaction moment because, 
they claim, in a special case (to which the substituted benzophenones belong) the inter- 
action moment in the #-mono-derivative and that in the #’-di-derivative are of opposite 
sign, so that the true value of 6’ must lie between two limiting values, for the mono- and 
the di-derivative, severally. , 

If, however, in the case of #p’-dichlorobenzophenone, allowance is made for the inter- 
action moment produced by chlorine in each ring by assuming that it is the same as it 
is in benzaldehyde, and a value of 1-55 is taken for the chlorobenzene moment, then an 
angle of 1224° is obtained for 6’ (Fig. 7). It seems probable that the angle between the 
axes of the rings in benzophenone is 125° + 3°. From our values of m, and the angle 
125°, a moment of 1-75 is calculated for the #-chlorobenzophenone, which is in good agree- 
ment with the experimental value of 1-72 (Bergmann, Engel, and Meyer, Joc. cit.; Hampson 
and Sutton, loc. cit.). 

Anthrone.—The experimental value of the moment of anthrone is 3-66. This moment 
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originates in a C—O moment and its effect in the two rings as in benzophenone, but in 
addition there are two moments (p in Fig. 8) each of which may be taken as equal to that 
of toluene (0-4). The angles 6” and ¢ are indicated in Fig. 8. If 6’ = ¢ = 120°, the 
total moment of anthrone is calculated as 3-44, which is lower than the experimental value. 
Probably the moments p» (Fig. 8) are greater than that of toluene. This is indicated by 
a recent value for the moment of fluorene (0-82; Le Févre and Le Févre, J., 1937, 203). 


EXPERIMENTAL. 


The dielectric constants were measured by means of the apparatus described in Parts 
XII and XIII (J., 1935, 602, 605). Most of the measurements were made with the silvered 
dielectric cell described in Part XII, but for some of the later ones the platinum plate cell 
described in Part XX (J., 1936, 1184) was used. For the aliphatic aldehydes and benzaldehyde 
the measurements were carried out in an atmosphere of nitrogen. The accuracy of the dipole 
moments is + 0-02 p., except for acetaldehyde and the phenyl-substituted aliphatic aldehydes 
and acraldehyde, the properties of which prevented very accurate values from being obtained. 

Acetaldehyde, propaldehyde, n-butaldehyde, and isobutaldehyde, obtained from Kahl- 
baum, were kept over calcium chloride and fractionated two or three times in an apparatus 
from which air had been displaced by nitrogen. m-Valeraldehyde, from Fraenkel and Landau, 
and isovaleraldehyde, from Kahlbaum, were fractionated twice in nitrogen. Chloral and bromal 
were obtained from Kahlbaum. The chloral was kept over phosphoric oxide overnight, and 
fractionated once over fresh phosphoric oxide and twice without it. The bromal was twice 
fractionated at low pressure. Phenylacetaldehyde and a- and $-phenylpropaldehydes, from 
Fraenkel and Landau, were purified by twice fractionating them under reduced pressure. 
Acraldehyde, from Kahlbaum, was fractionated 3 times. 

Two specimens of benzaldehyde were used. The first was a commercial specimen purified 
via the bisulphite compound, which was steam-distilled in the presence of sodium carbonate. 
The distillate was dried over calcium chloride and twice fractionated at low pressure. The 
second specimen was obtained from Kahlbaum (“ for scientific purposes ’’) and was fraction- 
ated once under reduced pressure, only the middle third being used, although the first and the 
third fraction had identical density and refractive index with the second. The two specimens 
had identical properties, and the P,-/, points lay on the same line. -Nitrobenzaldehyde, 
from Kahlbaum (“ for scientific purposes ”’), was recrystallised from alcohol and dried in a 
vacuum desiccator for a week. -Chlorobenzaldehyde, from Fraenkel and Landau, was 
fractionated under reduced pressure. It gave a sharper m. p. after this treatment than after 
recrystallisation. 

Anthrone was prepared by partial reduction of anthraquinone with tin and fuming hydro- 
chloric acid (d 1-19) in boiling acetic acid solution. It was precipitated by dilution, washed 
with water, dried, and recrystallised from benzene-light petroleum (3:1) (Meyer, Amnalen, 
1911, 379, 55; ‘‘ Organic Syntheses,” 8, p. 8). 

The benzene was Kahlbaum’s “ thiophen free’ and was purified as before, 
The physical constants of the materials used are given in Table V. 





TABLE V. 

Compound. B. p. D>’. n>. [Rz]p- 
ey viccimnccieisaninintiaonbnrecions 20-6°/764 mm. 00-8058 (Df?) 11-3437 (m$) —«:11-56 
Propaldehyde .........sssesseeseesseesseeeeess 48-2/764 0-8058 1-3639 16-05 
n-Butaldehyde  ........seseeeeeeeeeeeeeeeeees 74-5/758 0-8040 1-3807 20-80 
isoButaldehyde ........ccsceceecererereneeees 63-5/754 0-7904 1-3738 20-82 
m-Valeraldehyde — ........sccceseeeeeeeeeeees 102-5 /766 0-8105 1-3947 25-46 
isoValeraldehyde  .........seceseseeeseeeeees 92-5/754 0-8004 1-3904 25-52 
CREE ganncnccnscssscsncescobatesedewensenese 96-4/749 1-5066 1-4559 26-59 
NI acinsndcdncnenindcescenlectessaisgecete 66-5/13 2-6748 1-5835 35-10 
Phenylacetaldehyde ............seeeseeeeeee 94-5/23 1-0319 1-5283 35-82 
a-Phenylpropaldehyde ..............ssss0+ 98/23 1-014 1-5242 40-41 
B-Phenylpropaldehyde ...............s0000 105/15 1-019 1-5266 40-41 
ACTAIGEHYGE ....ccccccccscccscvccsccvessccoces 52-6 /766 0-8404 1-3992 16-0 
Benzaldehyde (1) 1-0447 1-5455 32-13 
Benzaidehyde (2) 1-0448 1-5455 32-13 
p-Chlorobenzaldehyde ..............+0++00 102/20 ( m. p. 48-5°) 37-0 (calc.) 
p-Nitrobenzaldehyde — ..........sssseeeeees (m. p. 105-4°) 38-28 (calc.) 
PD .. cinccosccuhstvuisdntdbsobsennébivest (m. p. 154°) 58 (calc.) 
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Results.—The solvent is benzene (except where otherwise stated), and the temperature 
20° in allcases. The symbols are those used in previous papers in this series, and p is recorded 


in Debye units (e.s.u. x 107"). 


Se D2. €. 
Acetaldehyde. 

0-:00000 0-8787 2-284 26-64 “= 
0-03935 0-8764 2-643 30-99 137-2 
0-:06048 00-8752 2-848 33-10 133-5 
0-06482 0-8749 2-901 33-64 134-7 
0-:09163 0-8732 3-160 35-93 127-8 
Pyo = 143 c.c.; Pg = 11-5 c.c.; p = 2-49. 


n-Butaldehyde. 

0:00000 00-8787 2-276 26-52 — 
001143 0-8781 2-378 27-97 153-1 
001629 0-8777 2-421 28-55 151-2 
002823 0-8771 2-515 29-81 142-9 
0-:03044 0-8770 2-533 30-04 142-0 
003704 0-8767 2-578 30-61 136-8 

Pyo = 161 c.c.; Pg = 20-8 c.c.; p = 2°57. 


n-Valeraldehyde. 
000000 0-8790 2-281 26-58 — 
001017 ' 0-8780 2-374 27-96 162-3 
002066 0-8771 2-468 29-31 158-8 
002395 0-8770 2-499 29-74 158-6 
0-03697 0-8758 2-616 31-33 155-0 
Pyo = 165 c.c.; Py = 26-5 c.c.; p = 2-57. 


Chloral. 
000000 0-8788 2-278 26-54 — 
001380 00-8884 2-326 27-27 79-08 
002126 0-8934 2-351 27-65 78-60 
003421 0-9023 2-396 28-31 78-24 
004044 00-9066 2-418 28-63 78-17 
Pyo = 79-5 c.c.; Pg = 26-5 c.c.; p = 1-58. 


Phenylacetaldehyde. 
0:00000 0-8789 2-278 26-54 — 
0-01239 00-8813 2-389 28-23 163-2 
002188 0-8832 2-474 29-47 160-4 
0-03126 0-8850 2-558 30-67 158-7 
003765 0-8862 2-616 31-47 157-5 
Pyo = 165-5 c.c.; Pg = 35-5 c.c.; p = 2-48. 


B-Phenylpropaldehyde. 
0-00000 0-8787 2-280 26-57 — 
001055 0-8808 2-363 27-90 152-2 
002870 0-8845 2-506 30-10 149-7 
003697 0°8863 2-570 31-07 148-2 
Py. = 153-8 c.c.; Pg = 40-4 ¢.c.; p = 2°31. 


p-Nitrobenzaldehyde. 

000000 00-8785 2-281 26-59 = 
0:00839 0-8834 2-355 27-70 159°5 
001197 08855 2-385 28-16 158-1 
0-01634 08878 2-423 28-72 157-0 
0-02019 0-8901 2-457 29-21 156-5 
0-02345 0-8921 2-484 29-61 155-5 

Py. = 161-5 c.c.; Pg = 38-3 c.c.; p = 2-41. 


Benzaldehyde. 
000000 0-8788 2-280 26-57 o-- 
000496 08799 2-344 27-50 215-5 
0-00961 0-8809 2-405 28-37 214-0 
001782 0-8824 2-513 29-85 210-7 
0:02140 0-8834 2-560 30-48 209-2 
Peo = 218 c.c.; Pg = 32 ¢.c.; p = 2-96. 


Piwyce. Py Cé 


Se D2. €. Ps, c.c. P3, c.c. 


Propaldehyde. 

0-00000 00-8788 2-280 26-57 a 
0-01162 0-8781 2-385 28-00 150-0 
0:02290 0-8775 2-488 29-33 147-2 
0-02920 0-8771 2-545 30-03 145-2 
0-03960 00-8764 2-642 31-19 143-3 
0-04061 0-8765 2-647 31-24 141-6 

Pyo = 153 c.c.; Pg = 16-05 c.c.; wp = 2-54. 


isoButaldehyde. 
000000 0-8789 2-281 26-58 — 
0-01738 0-8773 2-439 28-80 154-7 
0-03611 0-8759 2-600 30-92 146-9 
0-05318 0-8746 2-737 32-60 139-7 
Pao = 162 c.c.; Pg = 21 c.c.; p = 2°58. 


isoValeraldehyde. 
0-00000 0-8789 2-280 26-58 —_ 
0-00891 08778 2-364 27-82 166-2 
0-01840 00-8772 2-451 29-08 162-4 
0-02805 0-8763 2-540 30-31 159-6 
0-04506 0-8746 2-687 32-28 153-1 
Pyo = 169 c.c.; Pg = 25-5 c.c.; wp = 2-60. 


Bromal. 
0-00000 0-8787 2-280 26-57 
0:00847 0-8970 2-318 27-15 
0-01370 00-9082 2-341 27-51 
0-02005 0-9217 2-371 27-95 
0-03128 0-9455 2-421 28-70 . 
0-03845 00-9596 2-453 29-20 . 
Pyo = 95-5 c.c.; Pg = 35-0 c.c.; p = 1-69. 


a-Phenylpropaldehyde. 
0-00000 0-8787 2-280 26-57 — 
0-00716 00-8801 2-362 27-84 202-9 
0-02386 0-8835 2-549 30-61 196-1 
0-03448 0-8858 2-665 32-24 190-8 
0-04439 00-8877 2-779 33-79 189-2 
Pyo = 205 c.c.; Pg = 40-5 c.c.; wp = 2°79. 


Acraldehyde. 
0:00000 00-8785 2-281 26-59 — 
0-02208 00-8780 2-542 30-01 181-2 
0-03368  0-8777 2-680 31-63 176-1 
0-05833 0-8771 2-965 34-66 164-8 
Pyo = 191 c.c.; Pg = 16 c.c.; p = 2°88. 


p-Chlorobenzaldehyde. 
0-00000 00-8788 2-280 26-57 — 
0-00263 0-8800 2-296 26-82 123-0 
000438 00-8807 2-306 26-98 119-6 
000776 0-8823 _ 2-326 27-30 120-3 
0-01237 0-8843 2-352 27-71 118-5 
Pym = 124-0 c.c.; Pg = 37-0 c.c.; p = 2-03. 


Anthrone. 

0-00000 00-8791 2-279 26-55 — 
0-00331 0-8812 2-346 27-57 335-9 
0-00705 0-8833 2-420 28-70 331-6 
0-00898 08846 2-458 29-26 327-9 
001165 0-8863 2-511 30-02 324-1 
0-01396 0-8875 2-556 30-66 321-1 

Pyo = 341 c.c.; Pg = 58 c.c.; wp = 3-66. 











Kenyon and Young: 








Se DD. €. Puy tt, Py cc. Se D320. e- Py 6.0: Py tc. 
f-Phenylpropaldehyde in hexane. 
0:00000 0-6776 1-905 28-78 _— 0-03626  0-6906 2-091 33-19 150-5 
0-01308  0-6822 1-972 30-41 154-0 0-04542 0-6940 2-138 34-23 148-8 





0-02594 0-6870 2-037 31-95 151-1 
Poo = 1563 c.c.; Pg = 40-4 .c.; p = 2-34. 







The authors thank the Chemical Society for a research grant, and one of them (D. I. C.) 
thanks the Department of Scientific and Industrial Research for a maintenance grant. 
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274. Constitution of the Alcohol (8-Methyl-A’-penten-B-ol) previously 
resolved and described as ayy-T'rimethylallyl Alcohol. 


By J. Kenyon and D. P. Younc. 






The alcohol, the resolution of which was described recently by Duveen and Kenyon 
(J., 1936, 1451), is shown to be 8-methyl-A®-penten-f-ol and not ayy-trimethylallyl 
alcohol as was assumed by these authors. 







THE resolution of an alcohol to which the constitution «yy-trimethylallyl alcohol was 
assigned was recorded by Duveen and Kenyon (J., 1936, 1451). The evidence on which 
the constitution of this alcohol was based is as follows: «yy-trimethyltrimethylene glycol 
(2-methylpentane-2 : 4-diol), prepared by reduction of diacetone alcohol, was dehydrated 
by heating with a trace of iodine, whereby there was obtained a mixture of a hexadiene 
(b. p. 75—76°) and a hexenol (b. p. 130—131°) in approximately equal proportion. 

This hydrocarbon—to which the structure Me,C:CH-CH:CH, was assigned—is 
reported as having been obtained by heating the glycol mentioned above with (a) aluminium 
chloride (Bayer, D.-R.P., 261,642; Friedlaender, XI, 794), (6) aniline hydrobromide 
(Kyriakides, J. Amer. Chem. Soc., 1914, 36, 994), or by heating the hexenol [of b. p. 130— 
131°, obtained by partial dehydration of the glycol and to which the constitution 
CMe,:CH-CH(OH)*Me was assigned] with aniline hydrobromide (Kyriakides, Joc. cit.). 

In the present investigation d/-methyl-f-methylallylcarbinol was prepared by 
the interaction of §-methylallylmagnesium chloride and acetaldehyde. Fractional 
crystallisation of the brucine salt of the hydrogen phthalic ester of this alcohol led to the 
isolation of (+)methyl-§-methylallylcarbinyl hydrogen phthalate, which on hydrolysis 
yielded (+-)methyl-8-methylallylcarbinol. 

It was soon apparent that there was a remarkable concordance in the m. p.’s and 
rotatory powers of these compounds and those of the corresponding derivatives described 
by Duveen and Kenyon (loc. cit.). A detailed series of mixed m. p. determinations of the 
d-, l-, and di-hydrogen phthalic esters and of the d/-p-xenylurethanes left no doubt as to the 
complete identity of the two alcohols. 

A further scrutiny of recent literature revealed that the hydrocarbon obtained by the 
dehydration of «yy-trimethyltrimethylene glycol is actually «y-dimethylbutadiene (Farmer, 
Lawrence, and Scott, J., 1930, 511) and not a«-dimethylbutadiene as had been supposed 
by the earlier workers. This new result throws doubt, as was indeed suggested by Farmer, 
Lawrence, and Scott, on the structure of the alcohol obtained by partial dehydration of the 
glycol, a doubt which was strengthened when these workers failed to recognise acetone 
among its products of oxidation. 

We have now found that the unsaturated hydrocarbon obtained by the direct complete 
dehydration of «yy-trimethyltrimethylene glycol, and also by the further dehydration of the 
hexenol obtained as a partial dehydration product, combines with maleic anhydride to 
form 3 : 5-dimethyl-A*-tetrahydrophthalic anhydride in excellent yield: it is therefore 
wy-dimethylbutadiene (Diels and Alder, Annalen, 1929, 470, 98). 

This result, taken in conjunction with the synthesis of the unsaturated alcohol described 
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above, proves quite definitely that the dehydration of «yy-trimethyltrimethylene glycol 
takes place in the following two stages : 


CMe,(OH)*CH,*CH(OH)-Me —> CH,!CMe-CH,*CH(OH)*Me —> CH,:CMe-CH:CHMe 


and that the alcohol believed by Duveen and Kenyon to be «yy-trimethylallyl alcohol is 
actually methyl-8-methylallyl carbinol. 

Additional support for this structure of the alcohol has been obtained by ozonolysis, 
since decomposition of the ozonide gave, not acetone, but pentan-f-ol-3-one in good yield. 

(—)Methyl-$-methyallylcarbinyl hydrogen phthalate was obtained by Duveen and 
Kenyon by crystallisation of the strychnine salt of the / + dl-hydrogen phthalic esters 
obtained by decomposition of the more soluble fractions of the brucine salts. It has now 
been found that these brucine salts on crystallisation from methyl alcohol, in place of 
acetone, readily yield the brucine salt of the optically pure (—)hydrogen phthalic ester. 


EXPERIMENTAL. 


dl-8-Methy]-A*-penten-8-ol was prepared by the slow addition of a solution of 6-methylallyl 
chloride (90 g.) and acetaldehyde (50 g.) in dry ether (150 c.c.) to a stirred suspension of 
magnesium (24 g.) and ether (250 c.c.); the reaction mixture was then warmed gently for 3 
hours to complete the sluggish reaction. The cooled product was decomposed with ice and 
ammonium chloride, the dried ethereal solution evaporated, and the residue distilled. The 
crude hexenol (about 20 g.) was collected at 40—50°/18 mm., and a large proportion of high- 
boiling residue remained. The crude hexenol, which is not economically purified by redistil- 
lation, readily yielded dl-3-methyl-A*-penten-8-yl hydrogen phthalate, m. p. 81-5—82°, and 

_dl-§-methyl-A*-penten-8-yl p-xenylurethane, m. p. 64—65°; the m. p.’s of these compounds 
were not depressed when each was mixed with the corresponding compound prepared by 
Duveen and Kenyon (loc. cit.) from «yy-trimethyltrimethylene glycol. 

Formation of ay-Dimethylbutadiene from 8-Methyl-A®-penten--ol—The alcohol (4 g.) was 
heated with a small crystal of iodine, and the products slowly distilled through a short column ; 
the dried distillate (3 c.c.) was redistilled, b. p. 75—77°. This (0-85 g.) combined readily with 
maleic anhydride (1-0 g.) in benzene solution to yield 3: 5-dimethyl-A‘-tetrahydrophthalic 
anhydride (1-3 g.), bulky clusters of fine needles from light petroleum, m. p. 56—57°, alone and 
when mixed with the same compound prepared from ay-dimethylbutadiene obtained by direct 
dehydration of «yy-trimethyltrimethylene glycol (Diels and Alder, Joc. cit., give m. p. 56—57°). 

Oxidation of 8-Methyl-A*-penten-B-ol to Pentan-G-ol-8-one——Ozonised oxygen was bubbled 
through a solution of the dl-alcohol (6 g.) in chloroform for several hours, and the solvent allowed 
to evaporate at room temperature. The residual oily ozonide, after decomposition with water, 
yielded pentan-f-ol-3-one (2-3 g.), b. p. 64—65°/18 mm., which was characterised as its (some- 
what unstable) phenylhydrazone, brownish prisms, m. p. 102—103° (Claisen, Amnalen, 1899, 
306, 326, gives m. p. 102—103°). 

(+) and (—)8-Methyl-A®-penten--ols—The brucine salt of the dl-hydrogen phthalic ester, 
after two recrystallisations from acetone, as described by Duveen and Kenyon (loc. cit.), yielded 
on decomposition (-+-)8-methyl-A*-penten-8-yl hydrogen phthalic ester, m. p. and mixed 
m. p. 42—43°, [a]ssg, + 18-1° (7,2; c, 4-968) in ethyl alcohol. This on hydrolysis gave 
(+)8-methyl-A®-penten-f-ol, b. p. 42°/15 mm., a}%, + 5-68° (J, 1), ni 1-4339, 430° 0-8435. 
The acetone mother-liquors were evaporated to dryness, and the residue recrystallised three 
times from methyl alcohol; this proved to be the brucine salt of (—)8-methyl-A*-penten-8-yl 
hydrogen phthalate, glassy prisms, m. p. 79—82° (decomp.), [«]5sg, — 18-0° (1, 2; c, 5-141) in 
chloroform solution. This on decomposition yielded the (—)hydrogen phthalic ester, m. p. 
and mixed m. p. 42—43°, [a]s4g, — 17-6° (1, 2; c, 4-889) in ethyl-alcoholic solution. 

The optical properties of 8-methyl-A*-penten-8-ol (believed by them to be ayy-trimethylallyl 
alcohol) have been briefly discussed by Arcus and Kenyon (this vol., p. 312). 

The following additional determinations of rotatory power have been made. 


Specific Rotatory Powers of (+-)8-Methyl-A*-penten-B-ol. 


Solvent. c. t. [a]eses- [a]ssos- [a]szso- ([alsscr- [a] sose- [a] 4800 - [a]esrs- (alesse: 
5-251 17-5° +4-2° +6-1° . +6-6° +7-3° +81° +9-3° +10-1° +12-5° 

18 4-5 5-9 7-0 7-8 9-3 10-4 11-3 14-8 
19 4-20 5-43 5-77 6-73 8-00 9-70 10-33 12-91 


, 
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We are indebted to Mr. R. S. Airs, B.Sc., for the following determinations of the parachor of 
a freshly distilled specimen of (—)8-methyl-A*-penten-f-ol, the values marked with an asterisk 
having been interpolated from a graph. 









B  ccccccaccecccccccecsooee 0-0° 10-0° 10-5° 21-2° 28-8° 40-0° 

>” ‘Aihccidecssithict 0-8585 0-8523* 0-8518 0-8429 0-8362 0-8269 

G  cescenssccscessoscoseses 0-1° 10-0° 12-0° 20-1° 30-7° 40-0° 40-7° 
y, dynes/cm. ......... 27-69 26-93 * 26-82 26-09 24-88 24-13 * 24-04 





The values at 10° and 40° give [P] 267-3 and 268-0, respectively, whereas the values calculated 
from Sugden’s constants are 277-2, and from Mumford and Phillips’s constants 270-6. 







Thanks are expressed to the Government Grants Committee of the Royal Society and to 
Imperial Chemical Industries, Ltd., for grants. 


BATTERSEA POLYTECHNIC, LONDON, S.W. ll. [Received, July 4th, 1938.] 















275. The Absorption Spectra of 4-(p-Dimethylaminostyryl) pyridine 
Methiodide and 2: 4-Di-(p-dimethylaminostyryl)pyridine Methiodide. 
By G. R. CLemo and G. A. Swan. 


p-Dimethylaminobenzaldehyde has been condensed with the methiodides of 4- 
methyl- and 2: 4-dimethyl-pyridine, and the absorption spectra of the products 
have been plotted. 














THE condensation between #-dimethylaminobenzaldehyde and 2-methylpyridine 
methiodide was investigated by Mills and Pope (J., 1922, 121, 946), who observed that the 
product, 2-(f-dimethylaminostyryl)pyridine methiodide, had a powerful sensitising action 
for green light on the photographic plate; they also plotted the absorption spectrum in the 
visible region. As 4-methylpyridine is now available here (this vol., p. 478), its methiodide 
has been condensed with #-dimethylaminobenzaldehyde to give 4-(p-dimethylamino- 
styryl)pyridine methiodide (I); the methiodide of 2 : 4-dimethylpyridine has been similarly 
condensed to give 2 : 4-bis-(p-dimethylaminostyryl)pyridine methiodide (II). 
— YN 
i (H=CH-<_—NMe, 
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The absorption spectra of the three condensation products have been plotted (see 
figure). Each shows a strongly absorbing band at the blue end of the visible range; and 
the following values were obtained for maximum absorption (¢ = molecular extinction 









coefficient) : 
A. log,,e. Graph. 
2-(p-Dimethylaminostyryl)pyridine methiodide .................. 4600 4-57 I 
4-(p-Dimethylaminostyryl)pyridine methiodide .................. 4800 4-62 II 






2 : 4-Bis-(p-dimethylaminostyryl)pyridine methiodide............ 5100 4-75 III 
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Mills and Odams (J., 1924, 125, 1913) plotted the absorption spectra of a number of 
carbocyanines, and gave the following values for maximum absorption for two bands in the 
visible region : . 

A: Ag: 


2 : 2’-Carbocyanine 6070 562. 
2 : 4’-Carbocyanine 6570 6065 
4; 4’-Carbocyanine 6550 


. Hence, in the carbocyanines, the increase in length of the conjugated system by one 
—CH—CH-— group causes an increase of roughly 500 A. in the wave-length for maximum 
absorption, but with 2- and 4-(/-dimethylaminostyryl)pyridine methiodides, the increase 
is only about 200 a. 
EXPERIMENTAL. 

4-(p-Dimethylaminostyryl)pyridine Methiodide.—4-Methylpyridine (0-23 g.) and p-dimethyl- 
aminobenzaldehyde (0-15 g.) in methyl alcohol (5 c.c.) with piperidine (3 drops) were refluxed 
for 5 hours. On cooling, crystals separated; these were filtered off, washed with, and recrystal- 
lised from, methyl alcohol, giving dark red needles with blue metallic reflex (0-15 g.; m. p. 255°) 
(Found: C, 52-1; H, 4:9; N, 8-0; I, 34:5. C,,H,,N,I requires C, 52-4; H, 5-2; N, 7-7; I, 
34:7%). The absorption spectra were measured in the visible region with a Hilger—Nutting 
Spectrophotometer, and in the ultra-violet with a Hilger Medium Quartz Spectrograph, the 
solution (in ethyl alcohol) being approximately 5-5 x 10° m between 2300 and 4400 a., 1-5 x 
10-° m between 4400 and 5400 a., and 15 x 10° m between 5400 and 6000 a. 

2: 4-Bis-(p-dimethylaminostyryl) pyridine Methiodide.—2 : 4-Dimethylpyridine (0-24 g.) and 
p-dimethylaminobenzaldehyde (0-5 g.) in methyl alcohol (5 c.c.) with piperidine (3 drops) were 
refluxed for 21 hours. The mixture was filtered hot, and the resulting crystalline solid was 
recrystallised from methyl alcohol, giving red needles with greenish reflex (0-5 g.; m. p. 318°, 
softening at 308°) (Found: C, 59-8; H, 5-6; N, 8-2. C,,H,,N;I requires C, 61-1; H, 5-9; 
N, 8:2%). For the absorption-spectra measurements, the solution (in ethyl alcohol) was 
approximately 10 m between 2500 and 4200 a., and 15 x 10° m between 4200 and 5800 a. 


Our thanks are due to the College Research Fund for assistance in the purchase of the quartz 
spectrograph used in this work, and also to Dr. Raper for help with the spectrographic work. 


UNIVERSITY OF DuRHAM, KING’s COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 30th, 1938.] 





276. Isotopic Exchange Reactions of Organic Compounds. Part IV. 
The Mechanism of Racemisation of Phenyl-p-tolylacetic Acid. 


By D. J. G. Ives and G. C. WIks. 


The racemisation and isotope exchange of phenyl-p-tolylacetic acid are studied 
kinetically in two ways. (1) Optically active phenyl-p-tolyldeuteroacetic acid is race- 
mised by treatment with excess alkali in aqueous solution; loss of optical activity 
occurs at the same rate as loss of deuterium, the velocity constants being 0-0050 hr.-* 
in each case. (2) Phenyl-p-tolylacetic acid is racemised under the same conditions, 
but in a solvent containing 3% of deuterium oxide; loss of activfty occurs faster than 
in the previous case (k = 0-023 hr.-") and also faster than the accompanying exchange 
reaction (k = 0-0077 hr.-'). It is possible to identify the rates of racemisation with 
the rates of ionisation of the a-deuterium and a-hydrogen atoms respectively, and it 
is therefore concluded that the racemisation proceeds by an ionisation mechanism. 


It has been shown that the racemisation by alkali of a pseudo-acidic ketone is accompanied 
by an exchange reaction of the «-hydrogen atom of identical velocity (Hsii, Ingold, and 
Wilson, this vol., p. 78). This is in accordance with a mechanism of racemisation involving 
an intermediate ion in which asymmetry is not retained, but enolisation is not a necessary 
corollary either of the racemisation or of the exchange. It has also been shown, however, 
that the rate of racemisation of a methyleneazomethine is slower than would be anticipated 
from isotopic exchange data: this is attributed, not to the retention of asymmetry by the 
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intermediate ion, but to a special kind of termolecular exchange reaction which proceeds 
without a Walden inversion (de Salas and Wilson, this vol., p. 319). Since carboxylic acids 
fall in a position between ketones and methyleneazomethines in the series of decreasing 
prototropic mobility, and since a change of mechanism of prototropic isomerisation occurs 
in this series (Hsii, Ingold, and Wilson, J., 1935, 1778), it is of interest, in relation to these 
facts, to study the racemisation of an optically active carboxylic acid with a view to identify 
the mechanism of the process. Phenyl-p-tolylacetic acid has been selected for this 
purpose because it is known to racemise on treatment with alkali (McKenzie and Widdows, 
J., 1915, 107, 702), and information available on exchange reactions indicated that it was 
likely to undergo an exchange of conveniently measurable velocity under the same 
conditions (Part II, this vol., p. 81). 

The interpretation of the results of exchange experiments is complicated by the strongly 
unbalanced rates of transference of protons and deuterons, unless both solute and solvent 
are initially homogeneous (as far as the exchangeable hydrogen is concerned) and the 
solvent is in large excess. The use of pure deuterium oxide to comply with these conditions 
is inconvenient, and the alternative procedure has been adopted of studying the rate of loss 
of deuterium from a “ heavy ”’ solute in a large excess of “ light” solvent. Under these 
conditions, every deuteron removed from the solute molecule by the basic catalyst must 
necessarily be replaced by a proton from a normal solvent molecule : the measured rate of 
loss of deuterium is then identical with its rate of ionisation. 

Phenyl-p-tolyldeuteroacetic acid was accordingly prepared from the ordinary acid by 
two successive treatments at 100° with excess of sodium deuteroxide in deuterium oxide, 
and partially resolved by crystallisation of the cinchonidine salt from alcohol. Samples of 
both diastereoisomerides were racemised in 0-2N-aqueous solution at 100° in presence of 
10% excess of sodium hydroxide, in pure silver vessels. At suitable intervals, the alkaline 
solutions were examined polarimetrically, the catalyst neutralised, the solvent removed, 
and the residue analysed for deuterium. The results are shown in Table I. 





TABLE I. 

Time, ap. % of original %ofDin  %acty. 105hreo  1O5Rexch, 
hrs. = A — activity. a-position. % D (hr.-?). (hr.-*). 
0 0-365° —0-431° = a -- -— -- 
19-5 0-348 — 95-3 90-1 1-058 — 531 
42-5 — — 0-338 78-4 80-4 0-975 572 513 
68 0-254 — 69-6 70-2 0-991 533 520 
94 — —0-264 61-3 62-3 0-984 521 504 
120 0-200 — 54-8 54-4 1-007 501 508 
142 — —0-214 49-7 49-3 1-008 493 498 
172 0-157 — 43-0 43-0 1-000 490 490 
214 — —0-160 37-1 36-7 1-011 463 468 

Means 1-004 508 504 





There is no doubt that the rates of racemisation and of loss of deuterium are identical, 
and since the latter must be equal to the rate of ionisation of the a-deuterium, it can be 
inferred that the racemisation proceeds by an ionisation mechanism, and there can be no 
reasonable doubt that the same process operates in the racemisation of the ordinary acid. 
It can also be concluded that, if the intermediate ion postulated in the theory of prototropy 
is kinetically free (z.e., if the reaction proceeds by the bimolecular mechanism), then it must 
also be symmetrical. This conclusion, however, requires examination in the light of the 
known fact that the aci-form of a y-acidic system usually ionises, and is regenerated from 
the ions, more rapidly than the ¥-form. Ionisation and enolisation occur in these systems 
at substantially the same rate, and the racemisation might therefore occur at either stage. 
There is, however, no evidence for the formation of an enolic form of a carboxylic acid, and in 
any event it is clear that the exchange reaction of the a-hydrogen atom is a function of 
the formation of the ¥-form from the ion: the generation of an enol and its subsequent 
reconversion into an ion is only a reversible side reaction which cannot affect exchange. It 
is apparent that proton (or deuteron) addition to any given ion, which constitutes 
completion of the exchange, will occur independently of the past history of the ion, whether 
it has been produced the instant previously from a #-acidic molecule, or whether it has been 
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interconverted one or more times with the aci-form. If, therefore, loss of asymmetry 
occurred only in the enolisation stage, it would be reasonable to suppose that a certain 
proportion of the molecules would undergo exchange without an intermediate enolisation 
at all, and the exchange reaction would be at least fractionally faster than the racemisation. 
The observed fact that this is not so indicates that racemisation occurs during ionisation 
and that the ion does not retain asymmetry. The alternative interpretation that the 
reaction occurs by a termolecular enolisation, in which the intermediate ions do not attain 
kinetic independence, presents certain difficulties in view of the fact that the reaction is 
alkali-catalysed in aqueous solution, and that the carboxylate group must be more or less 
uniformly solvated. Indeed, it is questionable whether such a mechanism can be distin- 
guished from a bimolecular one, except as the extreme case in which the velocity of 
conversion of the ion into the enol approaches infinity. This is equivalent to the 
supposition that the ion is directly produced as one of the unperturbed forms of a system 
which is more likely to be mesomeric : mesomerism in the free, but solvated, ion would 
equally well explain the lack of retention of asymmetry (cf. Hsii, Ingold, and Wilson, 
loc. cit.). ’ 

The difficulty of maintaining a uniform velocity in a slow, alkali-catalysed reaction has 
not been entirely eliminated by the substitution of silver for glass.reaction vessels: the 
observed velocity constants show a slight fall with increasing time of heating. The earlier 
values of the racemisation constant are in any case irregular owing to the very small changes 
in the observed angle of rotation : the first two and the last experimental values have there- 
fore been neglected in calculating the mean constants. 

The racemisation of ordinary phenyl-f-tolylacetic acid in a solvent of dilute deuterium 
water was also carried out under the same conditions of concentration, catalyst, and 
temperature, with the view of estimating the relative rates of transference of protons and 
deuterons and the equilibrium constant of the exchange reaction. The results are shown 
in Table II. 


TABLE II. . 


% of original 10‘kya,, Atoms%ofD  105Rexcn. 
Time, hrs. ap. activity. (hr.-). in a-position. (hr.-*). 
1-025° — — 

0-904 88-2 251 0-151 _ 

0-634 58-9 228 0-354 792 

0-355 34-6 230 0-675 755 

0-207 20-2 229 0-981 795 

0-137 13-4 214 1-161 774 

— —_ — 2-158 774 

co (by extrapolation) 2-300 

Means 230 x 10 773 x 10° 


Atoms % of D in solvent, 2-952. Keg. = 0-797. 


The rate constant for the ionisation of the «-hydrogen atom, kj, can be estimated from 
the relationship 
Rig = hyhip/(Rip — Fe) 


where fjp is the rate constant for the ionisation of deuterium, k, the velocity constant for 
the complete change :;CH —-> :CD, and &, that for the change ?CD—~> :CH. On 
substitution of the determined values, this gives ky = 0-0229 hr.“}, in agreement with the 
measured rate of racemisation and in accordance with the ionisation theory. This close 
agreement, however, is fortuitous, since the expression for kg involves a small difference 
between two velocity constants which are both subject to large experimental error. More- 
over, the value of K,,, is uncertain : the exchange reaction is slow and is accompanied by a 
side reaction which produces.a pronounced turbidity in the solutions subjected to long 
heating. Indeed, the value quoted is justified only by the fact that it satisfies the require- 
ments of the velocity data, and also, of course, by the identity of Ay and Ryagg,. 

The burden of proof of the suggested mechanism of the racemisation therefore rests 
solely on the experiments with the deutero-acid : the experiments with the ordinary acid 
are not incompatible with the theory, but can be given no weight as direct evidence, The 
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comparison of kj, (assumed identical with &,,,,.) and Rjp, however, is probably free from this 
uncertainty, and it can be stated that under the experimental conditions employed, 
hydrogen ionises 4-5 times as fast as deuterium. 


EXPERIMENTAL. 


Preparation of Materials —Phenyl-p-tolylacetic acid was prepared by the method of 
McKenzie and Widdows (loc. cit.) and purified by crystallisation from dilute acetic acid; m. p. 
115°. The cinchonidine salt (1 : 1) was prepared and crystallised from alcohol, but an extensive 
series of crystallisations failed to produce the d-acid in an optically pure condition. Eight 
successive crystallisations gave an acid of [«]) = 13-0° which was used in the second series of 
racemisation experiments (Found: equiv., by titration, 226-4. Calc.: 226-1). 

Phenyl-p-tolyldeuteroacetic acid was prepared by dissolving the anhydrous normal 
sodium salt (12 g.) in 20 g. of deuterium oxide (97%) containing an equivalent amount of sodium 
deuteroxide produced by the previous action of sodium amalgam on the solvent. The solution 
was heated at 100° for 2 days, the alkali neutralised by treatment with carbon dioxide, the 
solvent recovered, and the resulting sodium salt dried ina vacuum. The process was repeated 
with 99-6% deuterium oxide, and the deutero-acid extracted and purified. The cinchonidine 
salt was prepared and crystallised twice from alcohol; samples of partially active acid were 
recovered from the crop and mother-liquor and had the following properties: d-Acid, 2-3 g., 
[a]p = 45° (Equiv., by titration, 227-7. Calc.: 227-1); % deuterium in a-position, 98-5. 
l-Acid, 2-2 g., [a]p = — 5-1° (Equiv., by titration, 226-6); % deuterium in a-position, 99-9. 

The other materials were prepared by the usual methods. 

Racemisation and Exchange Experiments.—In order to eliminate the difficulty of the removal 
of the alkaline catalyst by attack on glass reaction vessels, the solutions were heated in pure 
silver capsules of such a size as to slip easily into ordinary Pyrex boiling-tubes. After intro- 
duction of a portion of the solution under examination (about 10 c.c.), each tube was sealed and 
transferred to a boiling water-bath. There was little tendency for the solvent to distil out of 
the capsule into the annular space between the latter and the boiling-tube, and the possibility 
of appreciable error due to this effect may be neglected. 

After the determined period of heating for a given sample, the tube was opened, the 
solution transferred (after filtration, if necessary) to a 2-dm. polarimeter tube, and the activity 
measured. This was immediately followed by transfer to a solvent-recovery apparatus similar 
to that described in Part II (loc. cit.), in which the solution was first treated with dry carbon 
dioxide until a sample withdrawn was found to be neutral to phenolphthalein. The solvent 
was then removed, the residue being heated to 130° during the later stages of the process. The 
dry residue was scraped out and transferred to a boat, which was heated to 150° in a high vacuum 
until the last traces of sodium bicarbonate had been destroyed. Combustion of the sodium 
salt was carried out in oxygen, and the combustion water finally collected in vacuum, in a 
thin-ended sampling tube similar to that described in Part II (loc. cit.). 

Isotopic Analysis ——This was carried out by a density method similar to that already 
described, but much simplified. The elaborate cleaning of the apparatus and the preliminary 
heating of the sample with silver oxide previously used have been entirely discarded without 
any appreciable loss in accuracy. The dilution of the combustion waters, which was necessary 
in the case of the ‘‘ heavier ’”’ samples, was carried out in a closed vessel containing a suitable 
amount of diluent tap-water, a trace of silver oxide and the sampling tube containing the heavy 
sample. After distillation of the tap-water into the purification apparatus, the loss in weight 
of the dilution vessel was determined. The sampling tube was then broken, the heavy sample 
distilled into the same receiver, and the dilution vessel weighed again. Admission of air to the 
sample was avoided, and the removal of the dilution vessel from the apparatus for the purpose of 
weighing was facilitated by suitable taps and ground connexions. 


BIRKBECK COLLEGE, LONDON, E.C, 4. [Received, June 30th, 1938.] 
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277. The Reaction of Phosphoric Anhydride with Nitrogen Dioxide - 
and with Nitric Oxide. 


By E. M. STODDART. 


It has been shown that phosphoric anhydride and nitrogen peroxide (dioxide) 
react at 250° to form a glassy compound, P,O;,2NO, with the liberation of oxygen. 
The compound P,O;,*NO,, previously described by Smith and Hartung, does not 
appear to exist. The former compound is also formed by direct union of nitric oxide 
and phosphoric anhydride. The observations are of importance in considering the 
influence of “‘ intensive drying ”’ on the reaction between nitric oxide and oxygen. 


SMITH (J., 1928, 1886) showed that nitrogen peroxide became colourless when heated for 
64 hours in contact with phosphoric anhydride at 250—300°. He accounted for this 
behaviour by assuming that the loss in colour was due to (i) reaction of the two reagents 
to form a compound, which had previously been prepared by Hartung and mentioned 
privately to Prof. Donnan, (ii) dissociation of the nitrogen peroxide, giving nitric oxide and 
oxygen, which did not recombine on cooling because the gases had then become 
intensively dried. The latter point seemed to be definitely proved when he showed that 
the dried gases, when collected in a tube which was opened under mercury, and moistened 
by addition of water, became brown owing to their reaction to form nitrogen peroxide. 
Smith points out that the water did not cause decomposition of the nitrogen peroxide— 
phosphoric anhydride compound, which was also believed to be present, because “‘ no gas 
was seen to rise from the compound which was covered with mercury’; therefore the 
water merely caused the recombination of the dried gases. 

Now, nitrogen peroxide is completely dissociated into nitric oxide and oxygen only at 
600°, and Smith has shown that dried nitrogen peroxide is more stable than the ordinary 
gas; yet his observations, above, imply that complete dissociation occurs at 250—300°. 

During a research into the conditions of reaction of nitric oxide (to be published later), 
the author considered that these contradictory results merited close investigation. Asa 
prelude to the work, a clean dry Carius tube containing 2 c.c. of dry liquid nitrogen 
tetroxide was sealed; a similar tube containing in addition a little freshly sublimed 
phosphoric anhydride was also sealed. Both tubes were heated to 150°, and after a short 
time, the second tube exploded whereas the other did not. This was repeated many 
times to ensure that the explosions were in no way due to faulty sealing but to the 
development of high pressure. If Smith’s conclusions were correct, no explosion would 
have been expected if the compound P,O;,xNO, was formed in large quantities. There- 
fore the high pressure must be generated (a) by the dinitrogen tetroxide dissociating 
completely into nitric oxide and oxygen with little formation of compound, which is 
unlikely at 150° (see above), or (b) by the dinitrogen tetroxide forming some compound 
with the phosphoric anhydride and liberating oxygen. The following experiments 
establish the existence of the compound P,O;,2NO. 


EXPERIMENTAL. 


Preparation of Materials —Phosphoric anhydride was introduced into a long, dry Pyrex 
tube, and repeatedly sublimed along the tube in a current of oxygen. The final sublimation 
carried the anhydride into a wide-mouthed bottle, which was then stoppered. 

The dinitrogen tetroxide was prepared by heating pure lead nitrate, first gently in a porce- 
lain dish to expel moisture, and then strongly in a Pyrex tube, the evolved gases being passed 
into a vessel (Fig. 1) cooled in ice-salt. This vessel contained a small quantity of the pure 
phosphoric anhydride, which was easily introduced by removing one of the stoppers. The 
condensed dinitrogen tetroxide was thus dried. When 10 c.c. of the yellow liquid had been 
collected, it was repeatedly distilled in a current of oxygen into similar tubes containing a little 
phosphoric anhydride, the distillations ensuring that the material was very dry. The tetroxide 
was stored in one of these tubes over the anhydride. 

It was essential to use pure dry materials, otherwise a product was obtained which contained 
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a little moisture, probably in the form of phosphoric acid, which vitiated the determination of 
the formula of the compound. 

Repetition of Smith’s Observations.—A clean dry Carius tube was filled with dry nitrogen 
peroxide in contact with a little phosphoric anhydride, and heated to 250° for one hour. No 
explosion resulted, and the tube now contained a colourless gas; it was opened under dry 
mercury, and water admitted; no gas seemed to escape from the phosphoric anhydride com- 
pound, but nitrogen peroxide was formed in large quantities. These observations are in strict 
agreement with Smith’s results, byt further experiments showed that his interpretation was 
incorrect. 

Investigation of the Products of Reaction—The tube shown in Fig. 2 contained a little phos- 
phoric anhydride, and was swept out with nitrogen peroxide gas, then sealed and heated for 
3 hours at 250°, a colourless gas being thus produced. The bottom tip was then forced into a 
piece of pressure-tubing filled with mercury, attached to a pear reservoir, and the glass tip broken 
inside the rubber. The top of the tube was similarly attached to a Hempel gas burette containing 
mercury. The gas was swept out of the tube into the burette, and there treated with water. 
No darkening was observed. .Hence the gases were not a mixture of nitric oxide and oxygen 
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intensively dried and incapable of reaction. The gas was analysed and found to be 99% 
oxygen, the remainder being nitrogen. 

The Carius tube was then emptied of its mercury, and the solid scraped out. According to 
Smith, this solid should have contained the compound P,O,,#NO,. A little of the solid was 
passed into a tube filled with mercury standing ina trough of mercury. A little water was added 
to the tube and a violent reaction occurred, a colourless gas being evolved. This gas was then 
transferred to another tube of mercury (free from the phosphoric acid which was present in the 
original tube) and a little ferrous sulphate solution added; the gas completely dissolved, and the 
solution became brown, indicating that the gas was pure nitric oxide. Therefore the products 
of the reaction are pure oxygen and a compound of nitric oxide with phosphoric anhydride. 

Identification.of the Compound as P,O,,2NO.—One difficulty in preparing a pure specimen 
of the compound is the fact that phosphoric anhydride is so easily sublimed at the temperature 
necessary for reaction. It is also essential that the initial materials be very dry (see above). 
The apparatus (Fig. 3) was constructed of Pyrex glass. The tube was 1} in. wide and 18 in. 
long, and could be inserted into a tube furnace up to the broken line. The plunger A was ground 
into good contact with the inside surface of the tube; the stem B was also a good fit for the side 
arm C, whereas the stem D was of thin rod. This plunger worked through a piece of pressureé> 
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tubing E. This apparatus was cleaned and dried by heating to 250° under a vacuum 
obtained by a Hyvac pump. Oxygen, dried by passing through tubes of phosphoric anhydride, 
was passed through the tube via the side arm F, the plunger being pressed into the tube. Phos- 
phoric anhydride (10 g.) was introduced at G, against the oxygen stream (which excluded 
atmospheric moisture), and G was sealed. The oxygen was pumped out of the tube via F, 
which was then filled with dry nitrogen peroxide. The plunger was now pulled firmly against 
the inside of the tube, which was then heated to 250° for 3 hours. Reaction took place, and 
the excess phosphoric anhydride was unable to escape from the tube owing to the good fit of the 
plunger. Asreaction proceeded, more nitrogen peroxide was introduced by pressing the plunger, 
the oxygen being removed from time to time by pumping. The final product was a white glassy 
substance which was obtained by breaking the tube and scraping the product into a dry bottle. 
It was less deliquescent than the phosphoric anhydride, and quite easily handled. 

Weighed quantities were dissolved in water and the phosphorus content determined by the 
usual magnesium pyrophosphate method (Found: P, 30-6. P,O,;,2NO requires P, 30-70%). 
The nitric oxide content was estimated by reaction with water, the volume of evolved gas being 
measured. The apparatus was a Lunge nitrometer attached to a small conical flask containing 
water. The amount of evolved gas agreed with the calculated amount within 1%. 

Synthesis of the Compound.—Pure nitric oxide, prepared by heating a mixture of potassium 
nitrate, ferrous sulphate, and dilute sulphuric acid, was stored over water. The gas was dried 
by passing over anhydrous calcium chloride, followed by phosphoric anhydride. The previous 
method of preparation was repeated, this gas being used in place of the nitrogen peroxide. The 
reaction took place more readily and the same product was obtained. 


DISCUSSION. 


The above work establishes the reaction between phosphoric anhydride and nitrogen 
peroxide as N,O, + P,O; = P,O;,2NO + O,. No phosphoric anhydride—nitrogen 
peroxide compound is formed. Hence, Smith’s explanation of his observations is incorrect. 
It is clear that when he treated his material with water, nitric oxide was evolved (but not 
noticed), P,O;,2NO + H,O = 2HPO, + 2NO, and this gas reacted with the oxygen 
present to give the brown nitrogen peroxide. 

The author repeated Smith’s experiments as described, and when the tube was examined 
closely, the reaction of the compound with water was not detectable by the naked eye, but 
effervescence was detectable by using a powerful lens. 

Some of Smith’s experimental data merit consideration. He filled one of his tubes at 
264 mm. of nitrogen peroxide. From the initial dissociation of the nitrogen peroxide, it is 
a simple matter to calculate what the final oxygen pressure should be: close agreement 
with his experimental observation (238 mm.) is obtained. Finally, it must be pointed 
out that Smith used his observations as evidence for showing that intensive drying could 
inhibit reaction between nitric oxide and oxygen, but it is clear that his work has no value 
inthisrespect. Baker’s evidence (J., 1894, 65, 611), therefore, is almost the only indication 
that drying can influence this reaction. 


CoLLEGE OF TECHNOLOGY, LEICESTER. [Received, July 8th, 1938.] 





278. A Preliminary Investigation of Galactogen from the Albumin 
Glands of Helix pomatia. 


By E. BAtpwin and D. J. BELL. 


Galactogen, isolated from the albumin gland of Helix pomatia, has been methylated 
to a methoxyl content of 43%. Hydrolysis of the methylated galactogen yielded 
approximately equimolecular proportions of 2 : 3 : 4 : 6-tetramethyl and 2 : 4-dimethyl 
d-galactopyranose. No evidence could be obtained for the presence of sugars other 
than d-galactose in galactogen. 


WuEREAS a considerable number of polysaccharides of plant origin are known, the occur- 
tence of only four has been definitely established among animals. These are glycogen 
(very widely distributed), chitin (especially among Arthropoda), cellulose (probably con- 
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fined to Tunicata), and lastly, the polysaccharide first obtained from the albumin glands 
of Helix pomatia and described under the name of “ tierisches Sinistrin ’’ by Hammarsten 
(Pfliiger’s Arch., 1885, 36, 373). This substance, and a seemingly identical product 
obtained from the eggs of the same snail, was subsequently studied by May (Z. Biol., 
1931, 91, 215; 1932, 92, 319, 325; 1934, 95, 277, 401, 606, 614), who concluded that on 
acid hydrolysis it yields d-galactose as sole product, and accordingly proposed the name 
“ galactogen.”’ 

Since May’s chemical investigations covered only a few general properties of the 
polysaccharide, we considered it desirable to proceed along conventional lines with a view 
to establish, if possible, the chemical structure of galactogen. Knowledge of this is of 
particular interest in relation to metabolic experiments by one of us (Baldwin, Biochem, 
J., 1938, 32, 1225). While our investigations were in progress, Schlubach and Loop 
(Annalen, 1937, 582, 228) described the methylation of galactogen isolated from the whole 
bodies of snails. Prepared in this way, the galactogen must be separated from a large 
proportion of glycogen, and we have preferred the more direct method of using isolated 
albumin glands as our starting material, since these contain all the galactogen of the 
body and are at the same time free from glycogen (May, Z. Biol., 1934, 95, 401). Hydro- 
lysis of the methylated product obtained by Schlubach and Loop yielded equimolecular 
proportions of unidentified tetra- and di-methyl galactoses, and we have continued 
research in this field in order to obtain more definite information. 

We isolated our galactogen by subjecting dried albumin glands to digestion with 
30% aqueous potassium hydroxide, following the procedure of Bell and Young (Biochem. 
J., 1934, 28, 882) for glycogen. Purification by precipitation with alkaline copper sulphate 
(see below) and subsequent decomposition of the copper—-galactogen complex gave an ident- 
ical product. After careful drying, our material had the following properties (corrected 
for ash content, 32%): (a) [«]f — 16-1° (water; c = 1-0, 1 = 2); Schlubach and Loop 
(loc. cit.) found — 17-6°, and, like ourselves, failed to observe the higher value of — 22-7° 
recorded by May (Z. Biol., 1932, 92, 325), but it should be pointed out that May’s figure 
was obtained for galactogen isolated from the eggs of the snail, whereas, using material 
prepared from the whole body, he found — 13-5° (tbid., 1931, 91, 215); (8) “‘ reduction,” 
0-57 (Macleod—Robison; glucose = 100); (c) organic phosphorus, 0-2% (inorganic phos- 
phorus, nil) ; (d) faintly opalescent solutions were formed in water, the opalescence markedly 
increasing on the addition of salts; (e) the material gave no colour on addition of iodine, 
was free from pentoses and uronic acids, and readily formed a precipitate on boiling with 
May’s alkaline copper reagent (tbid., 1931, 95, 277). 

May repeatedly observed that, when galactogen was hydrolysed by dilute acids, the 
final [«]p of the solution was + 53-6° instead of + 80-5° for the equilibrium mixture of 
a- and 6-d-galactoses. Since his determinations of the reducing power of the hydrolysate 
indicated that complete hydrolysis had taken place, and since he obtained the expected 
yields of mucic acid on oxidation, May concluded that he had to deal with a final hydrolysis 
product consisting of 6-d-galactose ([«]p = + 53°) in some stabilised form. He was 
able, nevertheless, to isolate and identify crystalline d-galactose from the products of 
hydrolysis, and the behaviour of this sugar was normal. The anomalous behaviour 
exhibited by galactogen on acid hydrolysis has been fully confirmed in the present work, 
and the isolation and identification of crystalline d-galactose was also effected. May’s 
explanation of the final [«]) did not seem probable; and it appeared possible that the 
discrepancy might be due to the presence in the hydrolysates of /-galactose, which is known 
to occur naturally (Winterstein, Ber., 1898, 31, 1571; Oshima and Tollens, Ber., 1901, 
84, 1421; v. Lippmann, Ber., 1922, 55, 3038; Anderson, J. Biol. Chem., 1933, 100, 249), 
or of some other levorotatory substance. .Our attempts to detect material of this kind 
have failed, and we have provisionally to suppose, with Schlubach and Loop, that “ re- 
version products ’’ may arise from d-galactose in the course of hydrolysis under the con- 
ditions employed ; those authors have obtained much higher final [«]) values by submitting 
galactogen to hydrolysis by 40% hydrochloric acid at 0°. 

In agreement with Schlubach and Loop, we found acetylation very difficult, but we 
ultimately obtained a triacetate in 80% yield. After several attempts, it was found 
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possible to introduce 25-6% of methoxyl into the polysaccharide by a single process of de- 
acetylation and simultaneous methylation : direct methylation of the free polysaccharide 
was not practicable. Thirteen further methylations raised the methoxyl content to 
431% (91% yield; [a]? = — 20°, in w ter; c= 3, 1 = 2). 

Hydrolysis of the methylated product yielded approximately equimolecular proportions 
of 2:3: 4: 6-tetramethyl d-galactose (identified as the crystalline anilide) and a crystalline 
dimethyl d-galactose, identified as the 2 : 4-derivative (previously obtained from another 
source in the Birmingham laboratory; private communication from Dr. F. Smith). This 
therefore constitutes a further instance in which galactose units are linked through C, 
(cf. Percival and Somerville, J., 1937, 1615; Hirst and Jones, private communication). 
Owing to lack of material, no other methylated sugars have yet been detected. 

The results suggest that at least the greater part of galactogen possesses a hitherto 
unknown type of structure, and may be formulated in one of two ways: (A) a chain of 
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d-galactopyranose units linked 1 : 3 (probably in the 6-configuration in view of the change 
of rotation observed on acid hydrolysis), each unit bearing as side chain a single d- 
galactopyranose unit, glycosidically linked at C,; (B) a chain of d-galactopyranose units 
united 1 : 6, with the side chains attached at C;. Both these formule admit of an “‘ end 
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group.” In (A) this would be expected to give rise to 2:3: 4-trimethyl, and in (B) to 
2:4: 6-trimethyl d-galactose, and we intend to search for such an end group later in the 
year, when the physiological condition of H. pomatia is again suitable; at present (July), 
owing to egg-laying, the animals are out of season for culinary purposes, and the albumin 
glands are depleted of galactogen. 

A closed loop of galactose units is a third possibility, and in this case an “ end group ” 
would not exist. 
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EXPERIMENTAL. 


Isolation and Properties of the Galactogen.—The albumin glands were dissected out and 
immediately placed in alcohol. After hardening, they were ground, and dried at 90° until the 
weight was constant. The dry material was then dissolved in approximately 2 parts (wt./vol.) 
of aqueous 30% potassium hydroxide and heated at 100° for 3 hours. To the resulting dark 
brown solution, water (1 vol.) was added, followed by 2 vols. of alcohol. The sticky brown pre- 
cipitate was dissolved in 30% potassium hydroxide and heated at 100° fora further 2hours. The 
crude galactogen was then precipitated by alcohol as before, dissolved in water, the alkali neutral- 
ised by acetic acid, and the solution centrifuged. Four precipitations by acetic acid (cf. 
Bell and Young, Joc. cit.) were then carried out, and the final product was obtained as a white 
powder (yield 30% of dry weight of the glands), easily soluble in water, and displaying the 
properties already mentioned after drying at 110°/0-05 mm. 

Hydrolysis by 1% hydrochloric acid. A 0-97% solution of galactogen in 1% hydrochloric 
acid solution gave the following rotations (calculated in terms of galactogen and corrected for 
3% of ash) in the course of hydrolysis at 100° : 


Time (mins.) ...... 0 15 30 45 75 105 150 210 270 
[a]a ccccccccccsccceees —10-6° +3-7° +18-1° +26-9° +40-4° +49-4° +56-8° +62-1° +62-7° 


The final [a], in terms of galactose was + 56-5°. 

For investigation of the products of hydrolysis, samples of approximately 1% solutions of 
the polysaccharide in 1% hydrochloric acid were heated at 100° for 5—6 hours and then neutral- 
ised. The following data are corrected for ash content. 

Reducing power (Macleod and Robison) 89-8 (galactose = 100); (Hagedorn and Jensen) 
85-8 (galactose = 100). 

Mucic acid (van der Haar, Biochem. Z., 1917, 81, 263) 90-8%. Galactose phenylmethyl- 
hydrazone (Pirie, Biochem. J., 1936, 30, 369): from 1-96 g. of galactagen we obtained 2-45 g. 
of this hydrazone (yield 70%), m. p. 178°; m. p. after recrystallisation from boiling water, 
189°, unchanged by mixture with an authentic sample. 

Fermentation. 2-65 G. of polysaccharide, after hydrolysis and fermentation with galactose- 
trained yeast (Stephenson and Yudkin, Biochem. J., 1936, 30, 506), left only a negligible amount 
of unidentifiable material. 

Acetylation. 10 G. of galactogen were dissolved in 60 ml. of water and precipitated by add- 
ing 120 ml. of alcohol. The precipitate was centrifuged, and added while still moist to 200 
ml. of pyridine, which caused it to swell. 200 Ml. of acetic anhydride were then added, the 
whole was kept for 12 hours at room temperature, and then for 4 hours at 70°. Mechanical 
stirring was maintained throughout the preparation. The product was isolated by pouring the 
reaction mixture into excess of water and centrifuging the white precipitate. This was then 
treated again with the acetylating reagents as described above. The final product was a white 
powder (14 g.), insoluble in all solvents except, with difficulty, in acetone (Found: CO-CH;, 
41-0, 42-5%). 

Methylation. 10 G. of the acetate were ground with 200 ml. of acetone to give a turbid 
solution. This was warmed to 50° with mechanical stirring, and 8 lots each of 20 ml. of methyl 
sulphate and 80 ml. of 30% potassium hydroxide (introduced in that order) were added every 
2 minutes. Subsequently, 8 lots each of 10 ml. of the ester and 25 ml. of the 30% alkali were 
added every 10 minutes. On boiling off the acetone, no precipitation was observed; heating 
at 100° was continued for 45 minutes, and the solution was then cooled, neutralised with acetic 
acid, and dialysed for 24 hours against a rapid stream of tap-water passing through a specially 
designed cellophane immersion apparatus. This method avoids the danger of high osmotic pres- 
sure within the sac, and is eminently suitable for the rapid: removal by dialysis of considerable 
quantities of salts. The dialysed solution was evaporated to dryness in a vacuum, the residue 
dissolved in very dilute acetic acid, the solution dialysed in cellophane sacs against several 
changes of distilled water, and finally again evaporated to dryness ina vacuum. The residue 

(7-5 g.) was a scaly solid having a methoxyl content of 25-6%. This product was dissolved in the 
minimum of 30% potassium hydroxide, stirred at 50°, and 40 ml. of methyl sulphate and 130 
ml. of 30% alkali were added in one-tenth portions at 10-minute intervals. As solid material 
began to separate after the first few additions, acetone was added to promote solution. After 
the reaction mixture had been worked up in the usual way, the crude product separating from 
the hot liquors was dissolved in acetone and again methylated (yield 7-8 g.) (Found: OMe, 
37-4%). Seven further methylations were carried out, making 10 in all. The crude product, 
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purified by precipitation from acetone solution by light petroleum, was a white powder (6-5 g.), 
soluble in cold water, acetone, and chloroform (Found: OMe, 42-5%). Four further methyl- 
ations raised the methoxyl content by only 0-6% (Found: OMe, 43-19%). 

Hydrolysis of Methylated Galactogen: Separation of the Cleavage Products.—6-0 G. of 
methylated galactogen (OMe, 43%) were dissolved in 100 ml. of concentrated hydrochloric 
acid, the solution saturated with hydrogen chloride at — 15°, and kept for 2 hours (cf. Schlubach 
and Loop, Joc. cit.). After removal of hydrogen chloride by aspiration at room temperature, 
the solution was concentrated in a vacuum to half its bulk, neutralised with lead carbonate, 
completely decolorised by filtration through charcoal, and evaporated to dryness in a vacuum. 
The residue was extracted with ethyl acetate—acetone (1:1), and evaporation of this solution 
gave 5-3 g. of a colourless syrup. This was boiled with 1% methyl-alcoholic hydrochloric 
acid until non-reducing (3 hours), and after neutralisation with silver carbonate and evaporation 
to dryness, the resulting syrup was fractionally distilled in a high vacuum through a vacuum- 
jacketed fractionating column. The following fractions were ultimately obtained : (i) 1-86 g., 
b. p. 106—112°/0-07 mm., x} 1-4495 (nj§° of last drop 1-4490), OMe, 60-8%; (ii) 0-14 g., 
b. p. 112—120°/0-07 mm., u}§° 1-4500 (nj of last drop 1-4515), OMe, 60-5%; (iii) 0-45 g., 
b. p. 120—150°/0-07 mm., nj® 1-4585 (n}® of last drop 1-4655), OMe, 54:3%; (iv) 2-06 g. 
(crystalline), b. p. 150—170°/0-05 mm., »}§* of fused crystals 1-4785, OMe, 41-0% ; (v) residue, 
0-5 g. (crystalline), OMe, 41-1%. 

Examination of the Cleavage Products: Identification of 2:3:4:6-Tetrvamethyl and 2: 4- 
Dimethyl d-Galactose.—Fractions (i) and (ii) were tetramethyl methylhexoside. Hydrolysis by 
aqueous acid yielded a tetramethyl hexose identified as 2 : 3 : 4 : 6-tetramethy] d-galactopyranose 
by conversion into the crystalline anilide in the anticipated yield; m. p. 195—196°, unchanged 
on admixture with an authentic sample. Fraction (iii), which was too small to permit of an 
accurate examination, appeared to consist of about 65% pentamethyl hexose and 35% tri- 
methyl hexose, provided tetramethyl hexose was absent; (iv) and (v) were dimethyl methyl- 
hexoside, and clearly resembled the mixture of dimethyl a- and B-methyl-d-galactosides obtained 
by Schlubach and Loop. Methylation followed by hydrolysis yielded 2: 3: 4: 6-tetramethyl 
d-galactose (identified as the anilide). Hydrolysis of the crystals with aqueous acid yielded 
a syrup which rapidly crystallised from moist ethyl acetate containing a little alcohol; m. p. 
100—103°; mixed m. p. of specimen, m. p. 98°, with authentic 2: 4-dimethyl d-galactose 
hydrate (carried out by Dr. F. Smith at Birmingham) showed no depression; [a]}* (at equili- 
brium) + 85-7° (in water) (Found: for anhydrous material, C, 46-0; H, 7-6; OMe, 29-0. 
Calc. for CsH,,0,: C, 46-2; H, 7-7; OMe, 29-8%). The dimethyl sugar, when treated with 
phenylhydrazine and acetic acid, yielded a monomethyl osazone (Found: C, 59-4; H, 6-53; 
OMe, 8-4; N, 14-5. Calc. for C,gH,,O,N,: C, 61-3; H, 6-45; OMe, 8-33; N, 15-06%). 
Recrystallised from aqueous alcohol, this substance melted at 148—150°; mixed m. p.’s with 
specimens of 3-methyl d-galactosazone (Robertson and Lamb, J., 1934, 1321) and 6-methyl 
d-galactosazone (Freudenberg and Smeykal, Ber., 1926, 59, 100) showed considerable depression. 
The elimination of a methyl group from position 2 in galactose has already been shown to take 
place in analogous instances by Robertson and Lamb (loc. cit.), Percival and Ritchie (J., 1936, 
1765), Percival and Somerville (loc. cit.), and Oldham and Bell (J. Amer. Chem. Soc., 1938, 
60, 323). The osazone appears to be identical with the 4-methyl d-galactosazone described 
by Percival and Ritchie (Joc. cit.), and was thus derived from 2 : 4-dimethyl d-galactose. Con- 
firmatory evidence was obtained by oxidising the sugar to the corresponding acid, followed by 
lactonisation under conditions favourable to the formation of y-lactones. The product (Found : 
OMe,29-6; 0-0590 g. required 5-68 ml. of n/20-NaOH. Calc. for CsH,,0,: OMe, 30-09% ; 
N/20-NaOH, 5-72 ml.) when dissolved in water displayed polarimetric behaviour typical of a 
$-galactonolactone, viz., 


TUNG MRD, -naicdaceocicccosen 5 25 55 115 415 24hrs. 96 hrs. 
[a] (c, 2-95; 2, 2) +105° = +100 +: 915° 4-7-2" —-4-48-8° —44-46-8° 34-46-89 


Treated with methyl-alcoholic ammonia in the usual manner, the lactone yielded a crystalline 
amide (prisms from acetone-alcohol, 1:1; m. p. 165° after softening at 163°) which gave a 
negative Weerman reaction (cf. Ault, Haworth, and Hirst, J., 1934, 1722), confirming the presence 
of a methoxyl group at C,. A mixed m. p., determined by Dr. F. Smith, with authentic 2 : 4- 
dimethyl d-galactonamide showed no depression (Found: C, 42-9; H, 7-8; N, 6:5; OMe, 
27-5. Calc. for CsgH,,O,N: C, 43-05; H, 7-6; N, 6-27; OMe, 27-8%). 


THE BIiocHEMICAL LABORATORY, CAMBRIDGE. [Received, August 13th, 1938.] 
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A Reply to Hinkel, Richards, and Thomas: ‘“ Studies on Hydrogen Cyanide. Part X. The 
Tetrapolymer.”” By E. GryszKIEWIcz-TROCHIMOWSKI. 


INVESTIGATING the chemical behaviour of the tetrapolymer of hydrogen cyanide, the author 
believed it to be diaminomaleinitrile (I) (Rocz. Chem., 1922, 1, 471; 1928, 8, 165; J. Soc. Phys. 
Chim. Russ. Univ. Leningrad, 1924, 55, 551), but Hinkel, Richards, and Thomas (J., 1937, 
1432) criticised this view, preferring the structure (II), aminoiminosuccinonitrile, and over- 
looking the fact that the two formulz are tautomeric. 


NH,‘C-CN NH,CH-CN 
NH,°C-CN NH:C-CN 
(I.) (II.) 


The reactions of the tetrapolymer with nitrous acid and with glyoxal, to form a dicyanotriazole 
and a dicyanopyrazine, respectively, are easily explained only by assuming the formula (I), 
for (II) would necessitate, not only the migration of the hydrogen atom, but also the formation 
of intermediate products, for which there is no evidence. (Hinkel, Richards, and Thomas over- 
looked the fact that the author had investigated these products.) 

The two chief arguments upon which Hinkel, Richards, and Thomas base their formula are : 
(i) that the tetrapolymer behaves as a mono-acid base, and (ii) that it reacts with only one 
molecule of benzaldehyde; but they ignore the facts that the two cyano-groups would diminish 
the basic properties of the two amino-groups, and that many other diamines (e.g., o-phenylene- 
diamine) react with only one molecule of an aldehyde, forming iminazole derivatives. Their 
production of 2-phenyliminazole by successive oxidation, saponification, and decarboxylation 
of the benzylidene derivative of the tetrapolymer is more readily explained by formula (I) than 
(II). In any case, the tautomeric relationship of the two structures renders all such evidence 
inconclusive.—Warsaw. ([Received, June 30th, 1938.] 





The Thermal Decomposition of Di-n-butyl-lead Dichloride. By Davip P. Evans. 


In 1935 Burawoy, Gibson, and Holt (J., 1935, 1024) obtained pure butane and pure hexane 
respectively by the thermal decomposition of diethyl- and di-n-propyl-monocyanogold below 
100°, and suggested that alkyl radicals (free ethyl and u-propyl) were the primary products of 
the decomposition. Earlier in the same year, Jones, Evans, Gulwell, and Griffiths (ibid., 
p. 39) described a number of dialkyl-lead dichlorides containing the alkyl groups m-butyl, 
n-amyl, and dl-amyl, and in each case it was noted that decomposition occurred readily (e.g., 
in contact with hot alcohol) with formation of lead chloride. It was thought that this decom- 
position might take place according to the equation PbR,Cl, = PbCl, + R, (1), with possible 
formation of free alkyl radicals prior to the evolution of hydrocarbon. 

When 20 g. of pure, dry, powdered di-n-butyl-lead dichloride were heated in a small dis- 
tillation flask under ordinary pressure at 130° (oil-bath) for 30 minutes, a clear, colourless 
liquid distilled at constant temperature (77°), which proved to be m-butyl chloride (2-4 g.) 
and not octane. Further, the solid residue in the distillation flask contained a substance which 
was very soluble in alcohol, ether, and benzene; when this was extracted with hot alcohol, 
and the extract poured into water, 9 g. of a white solid were deposited, which, on recrystallis- 
ation from glacial acetic acid, yielded small needles (melting to a clear liquid at 109—110°) 
(Found: Pb, 50-5; M, in benzene 406. Calc. for C,,H,,CIPb: Pb, 50-1%; M, 413-5), 
identical with the tri-n-butyl-lead chloride, m. p. 109—110°, described by Pfeiffer, Truskier, | 
and Disselkamp.(Ber., 1916, 49, 2445). The solid residue remaining after extraction of this 
compound consisted almost entirely of lead chloride, which dissolved in boiling water; on 
addition of hydrochloric acid, and cooling, the aqueous solution gave 7 g. of inorganic lead 
salt. The weights of the several products indicate that di-n-butyl-lead dichloride probably 
decomposes according to the equation 2PbBu,Cl, = BuCl + PbCl, + Bu,PbCl rather than 
according to equation (1).—-TECHNICAL COLLEGE, CARDIFF. [Received, August 3rd, 1938.) 
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Note on a Coloured By-product in the Preparation of 1: 3: 5-Triphenylbenzene from Acetophenone. 
By R. J. W. Le Favre. 


1:3: 5-TRIPHENYLBENZENE can be conveniently prepared from acetophenone by auto- i 
condensation under the action of potassium pyrosulphate-sulphuric acid mixtures for 30 hours é 
at 45° (Odell and Hines, J. Amer. Chem. Soc., 1913, 85, 82). The yield of pure product, after 
crystallisation from acetic acid, is generally of the order 70% (present work), but if the reaction 
is carried out at ca. 150°, the product on cooling solidifies to a dark mass, from which, by extrac- 
tion with hot water, etc., the hydrocarbon can be eventually obtained, but in lower yields. 

It was noticed that these coloured acidic aqueous extracts lost their colour when neutralised, 
and regained it when reacidified with mineral acids. This suggested the presence of a pyrylium 
salt or salts. Accordingly, several litres of extracts from a number of preparations were i 
clarified by charcoal, filtered, and treated with a concentrated solution of ferric chloride in " 
hydrochloric acid. A yellow precipitate was produced, m. p. ca. 270°, raised to 273—275° by 
crystallisation from much acetic acid (Found: C, 54:6; H, 3-42. Calc. for C,,H,,OCI,Fe : 
C, 54:5; H, 3-35%). The m. p. of asample of 2 : 4: 6-triphenylpyrylium ferrichloride, obtained 
from acetophenone, benzaldehyde, ferric chloride, and acetic anhydride (Dilthey, J. pr. Chem., 
1916, 94, 53), was not affected by admixture with the above product. . This identification was 
verified by preparing, via the pyranol, the corresponding perchlorate (Le Févre and Le Févre, 
J., 1932, 2894), m. p. 288°, and comparison with an authentic specimen, 

The yields of ferrichloride were small (less than 5% of the weight of acetophenone used) and a 
variable, being slightly greater when higher temperatures were employed for the condensation. ‘ 

The Mechanism of the Reaction.—In Dilthey’s preparation carbon atom 4 of the pyrylium 
ring is provided by the aldehyde group of benzaldehyde. It does not seem likely that in the 
present reaction this is also the case, for all the recorded transformations of acetophenone by q 
concentrated sulphuric acid give benzoic acid, and not benzoylformic acid—which by decarboxyl- . 
ation could produce benzaldehyde. Krekeler (Ber., 1886, 19, 674), for example, showed that, i 
although fatty acids were formed when thiophen ketones were treated with warm sulphuric 
acid (C,H,S‘CO-R > C,H,S-SO,-OH + R-CO,H), yet acetophenone gave only benzoic acid, 
i.e., the acetyl group was oxidised; in a later paper (ibid., p. 2623) he showed that with hot 
pyrosulphuric acid only benzoic and benzenesulphonic acids were isolable. 

Further, it does not seem probable that the carbon atom 4 is supplied by benzoic acid itself, 
but it is notable that benzoic anhydride could be effective. This is mentioned because benzoic 
acid is relatively easily dehydrated (e.g., even by acetic anhydride; cf. ‘‘ Organic Syntheses,” R 
Coll. Vol. I, 1932, 85), and the formation of 2: 4: 6-triphenylpyrylium salts from benzoic ; 
anhydride has previously been demonstrated (Le Févre, J., 1933, 1197).—THE Sir WILLIAM 
Ramsay and RatpH Forster LABORATORIES, UNIVERSITY COLLEGE, LONDON. [Received, 
August 24th, 1938.] 












































279. Strychnine and Brucine. Part XXXVII. Conversion of 
Dihydrostrychnidine-D into Dihydrostrychnidine-A. 
By O. ACHMATOWICZ and ROBERT ROBINSON. 


In Part XXVI (J., 1934, 581) the production of two des-bases by thermal 
decomposition of methyldihydrostrychnidinium-A carbonate was recorded. One 
of these gave a dihydro-derivative on catalytic hydrogenation, but the other (des- 
base-D), in acetic acid as solvent, was converted into a quaternary ammonium salt by 
a reversal of the Hofmann and Emde fission. It is now found that methyldihydro- 
strychnidinium-A acetate is a by-product of this process and the implications 
are discussed. 










THE relations of some of the substances mentioned in this communication are shown in the 
scheme on p. 1468. 

Further study of the catalytic reduction of the des-base-D has shown that the main 
product, methyldihydrostrychnidinium-D acetate, is accompanied by a smaller but sub- ; 
stantial amount of the isomeride-A. This proves that the des-base-D is in reversible ; 
relation with two different dihydrostrychnidine systems. Three explanations suggest 
themselves : 
5c 
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(1) Dihydrostrychnidines-A and -D may be stereoisomerides. This view appears from the 
models to be a possible one on the basis of some of the strychnine structures at present 


Strychnine —gictr. red. Strychnidine py y, Dihydrostrychnidine-A 
Cz,H»20,N, C,,;H,,ON, Cy,HggON, 
[N(a)*CO; N(b), tert.-basic; C=C) [N(a)*CH,*; 7C=C?] (;CH—CH:) 

———~—> Metho-salts or dimetho-salts (carbonate, hydrogen carbonate) 

heat Methylchanodihydro(neo)strychnidine, m. p. 143° 

CasHagONs {ca naeadatwesmaieence hnydroide 
| (des-base-D), m. p. 193° 
Pd, Hy, ACOH 


| Methyldihydrostrychnidinium-D acetate +> chloride 
| Methyldihydrostrychnidinium-A acetate | 


| (me 


heat 


Chloride > Dihydrostrychnidine-A Dihydrostrychnidine-D 


under discussion. For example, in (III) the two five-membered rings may be fused in 
the cis- or trans-position and the other rings can be added equally conveniently in both 
cases. Similar stereoisomerism may be recognised on the basis of (I), but it is not so with 
(II) and (IV). The quite different behaviour of the isomeric dihydrostrychnidine metho- 
salts on decomposition (cf. Part XXVI, loc. cit.) tells against the hypothesis of stereo- 
isomerism. Although the argument is not conclusive, it is most probable that the isomerism 
of the A and D series is structural. 

(2) The simplest way to conceive such structural isomerism is that des-base-D contains 
a double bond, either end of which may be attached to N(b) when the quaternary ammonium 
salt is reconstituted. Such a double bond under the present heading is assumed to be 
in the normal position between carbon atoms originally «8 to N(b) in dihydrostrychnidine. 
If this idea correctly interprets the results, then the des-base-D does not contain -CH=CH, 


CH,———CH, 


in its molecule because neither of the dihydrostrychnidines-A and -D gives evidence of 
the presence of a side-chain methyl group. The ethylene linkage must be centrally situated. 
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Such a view can be applied to (I) and (II), but not to (III) because in this case dihydro- 
strychnidine-D would be a derivative of trimethyleneimine, which is a highly improbable 


assumption. 
CH,—CH, CH, CH, 
CH N ; C N 


ZN ZL™ 
Osi ia ves ; 
(III.) NG aes CH eat (III, D.) 


N 
4 bas. 


be CH ms * = 
cy 


NS, > 


a cH 
( We H—N 
oe CH, ie cf 


(IV.) x A NG Nf (IV, D.) 








ee ee his) eee CH a 
\&, o-diy NG ne 
2 


The formula (IV), which has been mentioned as an alternative to (I) and (II) (Openshaw 
and Robinson, J., 1937, 941), does not contain a ready-formed carbazole nucleus (such 
would, however, be easily formed by rearrangement in vigorous decomposition processes) 
but has otherwise much to recommend it. It is the only formula which serves to explain 
in a natural manner all the three following fundamental facts: the monobromination of 
diketonucidine (Leuchs), the ready formation of §-indolylethylamine from strychnine 
(Clemo, Kotake), and the blocked hydroaromatic nature of the hydroindole nucleus (this 
series of papers). The expressions (I, D), (II, D) and (IV, D) can be set up on the models and 
the curious appearance on paper is therefore irrelevant to the discussion. The changes 
from (I) and (II) to (I, D) and (II, D) respectively appear to be quite natural on the models 
and all four formulz are strainless. The formule (IV) and (IV, D) are also free from strain 
but give a closer-packed assemblage. 

On the basis of (IV) the des-base-D would be a derivative of allylaniline and this might, 
be sufficient to explain its peculiar ferric reaction. 

In the later stages of the Hofmann degradation of methylchanodihydroneostrychnidine 
(see the two following communications) the primary product and its transposition product 
would contain the groups 


te a ain, KL, 


respectively and this would serve to explain the peculiar reaction of the bisneo-derivative. 
However, in the penultimate stage of the Hofmann degradation of dihydrostrychnidine-D 
the group produced is not an ethylidene but a vinyl group (no acetic acid is obtained on 
oxidation until the unsaturated group is reduced; one molecule is then obtained). Hence 
it is unlikely that the des-base-D contains the fragment Ar-CH-CH,°CH,*NMe-, which by 
analogy should give Ar‘C—CHMe on degradation. This consideration tells against (IV) 
but does not apply to (I), (II), or (III). fare 

(3) Even if the des-base-D is produced by the mechanism Ar-CH-CH-CH-NMe}OH—> 
Ar-C:CH-CH, NMe + H,0, there is no sound theoretical reason for supposing the 
decomposition to be irreversible. No analogy for this reverse transformation is known to 
the authors, but this is probably due to the difficulty of finding suitable test-cases. Indeed 
few if any good analogies exist in any circumstances for the reverse Emde reaction which 
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we have observed. It is accordingly a possibility not to be ignored that our original view 
(Part XXVI, loc. cit.) of the nature of the des-base-D may be correct in spite of the fact 
that its formation from methyldihydrostrychnidinium-A salts is now known to be reversible. 

Summarising the above, the hypothesis of stereoisomeric A and D series can be used 
with structures (I) and (III), the hypothesis of ring-system slip in which N(b) moves to an 
adjacent carbon atom can be applied to structures (I), (II), and (IV), and our original 
hypothesis that des-base-D is a styrene derivative (y-phenylpropylammonium type of 
fission) can be illustrated by structures (II) and (III) and more easily by (II). We wish 
to withdraw a former stereochemical objection to the formulation of a des-base-D (styrene 
type) on the basis of (III). It has been consistently maintained in this series of papers that 
strychnine is a blocked hydroindole derivative (that is, disubstituted in the «- or 6-position) 
and this view is confirmed by the results of the Hofmann degradation described in the 
following memoirs, The final products contain three double bonds and in spite of the 
stringent conditions of the thermal decompositions, no true aromatic indole derivative 
(and incidentally no new benzene ring) is formed at any stage. In this connection we do 
not rely so much on the fact that desazastrychnidine takes up three molecules of hydrogen, 
because the products have not been crystallised; it is more pertinent that the substance 
itself exhibits a strychnidine reaction and so cannot be an aromatic indole derivative. 

For these and other reasons already advanced, we do not favour the formula (III). 
The final decision between (I), (II), and (IV) cannot yet be made with certainty. 

In the following communications the original hypothesis has been retained only for the 
sake of simplicity of representation, but it is not regarded as proven and readers will have no 
difficulty in making the changes in the formule necessary for conformity with any of the 
alternatives mentioned above. 

EXPERIMENTAL. 

The Action of Hydrogen on des-Base-D in Acid Solution in the Presence of Palladised Charcoal 
or Platinum-black.—The ‘“‘ hydrogenation ”’ of des-base-D was carried out under various 
conditions and in all cases similar results were obtained. When the absorption of hydrogen 
ceased at 17—19°, the mixture was heated to 85—90°, but no further absorption took place. 
The yields and conditions are summarised in the following table : 

Yield, g. 
‘Methyl- Methyl- 
Amount C.c. of dihydro- dihydro- 
of des- hydrogen Calc. strych- strych- 
base-D, absorbed for 2H, nidinium-D nidinium-A Theo.,, 
g- Catalyst. Solvent. (at N.T.P.).  c.c. iodide. iodide. Total. g- 


Pd 50%C,H,O, 270 493 7-28 2-47 975 10-2 
Pt pm 160 573 6-9 3-8 10-7 11-6 
Pd 10% HCl 345 600 8-7 3-2 11-9 12-5 
Pt 118 713 5°8 2-4 8-2 8-5 

In all cases absorption of hydrogen was rapid (about 5 c.c. per minute), but the volume 
absorbed was far less than that required by the theory for saturation of one double bond. This 
suggests that hydrogen is absorbed by the catalyst, which evidently becomes more active after 
addition of the substance. The yield of the products seems to be independeut of the nature 
of the acid and the catalyst. 

The quaternary salts were usually isolated as iodides, but when the reaction was carried out 
in 10% hydrochloric acid, methyldihydrostrychnidinium-D chloride crystallised shortly after 
hydrogen ceased to be taken up. 

The following is a description of one of the experiments: des-Base-D (9 g.) was dissolved 
in dilute hydrochloric acid (130 c.c. of 10%) and shaken in hydrogen in presence of palladised 
charcoal (from 0-8 g. of palladous chloride and 8 g. of charcoal) at room temperature. 
Absorption ceased after 85 minutes, 355 c.c. (at N.T.P) of hydrogen being taken up (calc. for 2H, 
600 c.c.). The temperature was then raised to 90°, but no absorption took place. The hot 
liquid (when it was allowed to cool, methyldihydrostrychnidinium-D chloride separated in long 
silky needles) was filtered, basified with ammonia (no precipitate), concentrated in a vacuum to 
one-third volume, and mixed with sodium iodide (10 g. in 10 c.c. of water). The colourless 
precipitate, consisting of a mixture of the isomeric iodides D and A, was collected and repeatedly 
crystallised from water. All the concentrations of the mother-liquors were carried out under 
reduced pressure; otherwise the yield of both products was diminished and they became 
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coloured. The isomeride D formed the first crops (total yield, 8-7 g.), whereas methyldihydro- 
strychnidinium-A iodide was isolated from the mother-liquors (total yield, 3-2 g.). 

Identification of Methyldihydrostrychnidinium-A Iodide.—The identity of methyldihydro- 
strychnidinium-A iodide formed in these experiments was proved in the following way: The 
salt had m. p. 345—350°, undepressed by admixture with an authentic specimen (Found in 
material dried at 104°: C, 57-1; H, 6-5. Calc. for C,,H,ON,I: C, 56-9; H, 63%). The 
corresponding chloride, on dry distillation at 300—320°/1 mm., gave dihydrostrychnidine-A, 
m. p. 214—216° (yield, 85%); the m. p. was not depressed after admixture with pure dihydro- 
strychnidine-A. The chloride, on being treated with sodium methoxide at 135—140°, yielded 
methoxymethyltetrahydrostrychnidine, m. p. 220—222°, along with a small quantity of des- 
base-D, m. p. 196°. 

Pure methyldihydrostrychnidinium-D iodide has a higher m. p. than that given in Part 
XXVI (the specimen previously obtained was evidently contaminated with the isomeride-A). 
The salt melts with effervescence at 325—327°. Its solubility in water is 0-08 : 100 at 18° and 
0-45 : 100 at 100°. The other properties were as described in Part XXVI (Found in material 
dried at 104°: C, 54-7; H, 6-6. Calc. forC,,H,,ON,I,H,O: C, 54-8; H,6-4. Found in material 
dried at 130°: C, 56-8; H, 6-7. Calc. for C,,H,,ON,I: C, 57-0; H, 6-3%). 

Methyldihydrostrychnidinium-D chloride has m. p. 330—332° (loc. cit.; 318—319°). The 
salt on decomposition with sodium methoxide at 130° furnished des-base-D (yield, 95%). It 
does not contain a C-Me group (Kuhn—Roth test). 

Improved Method for the Preparation of Dihydrostrychnidine-D.—The thermal decompositions 
of various substances described in previous papers of this series were carried out in open test- 
tubes with small quantities of material, and the yield of the decomposition products was often 
poor and the products were coloured, undoubtedly owing to the action of air. Better results 
are obtained when the decomposition is carried out under 1 mm. pressure. Methyldihydro- 
strychnidinium-D chloride (10 g.), previously dried at 104° in a high vacuum, was gradually 
heated to 350°/1 mm. After effervescence had ceased, the residual syrup crystallised, on cooling, 
as a hard, pale brown crust (part of the dihydrostrychnidine-D and a small quantity of the 
unchanged chloride were collected in the receiver). The base was extracted with boiling benzene 
(150 c.c.) and, on concentration of the extract to a small volume, separated in well-developed, 
pale brown plates. These were twice recrystallised from benzene and then had m. p. 199—201°; 
a specimen recrystallised from methyl alcohol had m. p. 198—200° (Part XXVI; m. p. 
197—199°) (total yield, 7-9 g.) (Found: C, 78-3; H, 8-1; NMe, 0-0; CMe, negligible. Calc. 
for C,,H,,ON,: C, 78-3; H, 8-1%). 

Attempt to effect the Internal Alkylation of des-Base-D by Means of Hydrochloric Acid.—This 
experiment was carried out under the conditions which Willstatter (Annalen, 1901, 317, 307) 
used for the conversion of dimethylaminocycloheptene into dihydrotropidine methochloride. 
des-Base-D was dissolved in 30% hydrochloric acid and the solution was saturated with hydrogen 
chloride at — 10°, kept for 5 days in the cold, cooled to — 15°, and basified with sodium 
hydroxide below — 10°. The alkaline liquid was extracted with benzene, and all the des- 
base-D recovered unchanged. 

The Action of Palladised Charcoal on des-Base-D in Acid Solution in the Absence of Hydrogen.— 
When the des-base-D, dissolved in 10% hydrochloric acid or 50% acetic acid, was shaken with 
palladised charcoal, it was completely converted in 30 minutes into an amorphous substance 
(or a mixture), which had basic properties, contained halogen, and was characterised by sparing 
solubility in organic solvents except methyl and ethyl alcohols. This substance is under 
examination. 

Dihydrobrucidine-D.—This base was prepared by thermal decomposition of methyldihydro- 
brucidinium-d chloride, the decomposition being carried out exactly as in the case of methyldi- 
hydrostrychnidinium-D chloride (350°/1 mm.). The base was moderately readily soluble in 
the simple alcohols, acetone, and ethyl acetate and readily in benzene and chloroform. It 
crystallised from methy] alcohol in minute, pale rose-coloured needles, m. p.197—199°, and became 
red on standing in the air (Found in a specimen dried in a high vacuum :. C, 72-1, 72-2 ; H, 8-0, 
7-8. C,3;H;,0,N, requires C, 72-3; H, 7-8%). The base combined readily with methyl iodide, 
yielding a salt identical with methyldihydrobrucidinium-d iodide described in Part XXXV. 

We take this opportunity to state that methyldihydrobrucidinium-c iodide described in 
Part XXXV is probably identical with dihydrobrucidine methiodide. 


UNIVERSITY JOSEPH PILSUDSKI, WARSAW. 
Dyson PERRINS LABORATORY, THE UNIVERSITY, OXFORD. (Received, June 8th, 1938.] 
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280. Strychnine and Brucine. Part XXXVIII. Exhaustive Methyl- 
ation of N(b)-Methylchanodihydroneostrychnidine and its Dihydro- 
derivative. 

By O. ACHMATOWICZ. 


The first stage of the Hofmann degradation of dihydrostrychnidine-A has already 
been described and affords two des-bases, namely, the des-base-D and methylchanodi- 
hydroneostrychnidine. The present paper deals with the exhaustive methylation of the 
latter base, resulting in the formation of two desazastrychnidines and trimethylamine. 
At the second stage two des-bases were isolated, the isomerism depending on the position 
of an ethylene linkage. The eliminations in the dihydro-series of bases have also been 
studied. 


Tuts and the two following memoirs are concerned with investigations on the Hofmann 
degradation of dihydrostrychnidine-A and dihydrobrucidine and, although our studies 
along these lines are not yet completed, it is necessary, in view of the work of Leuchs (Ber., 
1937, 70, 2455), to place the results on record. 

The present communication contains the description of experiments on the exhaustive 
methylation of methylchanodihydroneostrychnidine, which is one of the two isomeric 
methyl-des-bases formed on thermal decomposition of methyldihydrostrychnidinium-A 
carbonate (Achmatowicz and Robinson, J., 1934, 581) or on Emde degradation of either 
methylstrychnidinium or methylmeostrychnidinium salts (Perkin, Robinson, and Smith, 
ibid., p. 574). The paper also includes an account of experiments on the Hofmann 
degradation of methyldihydrochanodihydrostrychnidine, which is a methyl-des-base 
produced from methylstrychnidinium chloride by catalytic degradation-reduction process 
(Achmatowicz, Roczn. Chem., 1933, 25) or by direct catalytic hydrogenation of methyl- 
chanodihydroneostrychnidine (Perkin, Robinson, and Smith, Joc. cit.). The paper is 
concluded by the description of two cases of stereoisomerism, and two pairs of stereo- 
isomeric substances are described. 

The highest yields of the N(d)-ring-fission products were obtained on heating methyl- 
chanodihydroneostrychnidine dimetho-salts with sodium methoxide. Unfortunately, 
the crude decomposition product was a complex mixture, very readily soluble in the usual 
solvents, and it was impossible to resolve it into components by simple crystallisation. The 
separation was achieved by a chemical method and the following substances were obtained : 
(a) a base, Co3H,,ON,, m. p. 143—144°, identified as methylchanodihydroneostrychnidine, 
(b) a base, CysHs,ON,, m. p. 113—114°, (c) a base, C,3H;,ON,, m. p. 73—74°, and (d) a 
substance, C,,H;,0,N,, m. p. 130—131°. 

The base (b) contains —N (b)Me, and two double bonds, as demonstrated by hydrogenation 
to a tetrahydro-derivative (amorphous, probably a mixture of stereoisomerides; analysed 
as the methiodide, m. p. 263—264°) in presence of palladised charcoal in dilute acetic acid 
solution. 

The yield of the base (c) was very small (about 0-3 g. from 1 kg. of dihydrostrychnidine) 
and consequently the investigation of the substance is not so complete as could be desired. 
The base (c) is isomeric with the base (b) and also contains —N(b)Me, and two unsaturated 
linkages. These facts show that both substances are dimethyl-des-bases and, for reasons 
given below, the base (b) is designated N(b)N(b)-dimethyldesbisneosirychnidine and the 
isomeride (c) is termed N(b)N(b)-dimethyldesneostrychnidine. 

When dimethyldesneostrychnidine methochloride was heated with sodium methoxide, 
free dimethyldesbisneostrychnidine was obtained in theoretical yield. The reverse change, 
dimethyldesbisneostrychnidine methochloride —->dimethyldesneostrychnidine, could not 
be effected (see following paper). On the other hand, catalytic hydrogenation of dimethy]l- 
desneostrychnidine gave a tetrahydro-base which was found to be identical with the hydro- 
genation product of dimethyldesbisneostrychnidine (the methiodides were compared). 
These experiments reveal two important facts: (i) the difference between the isomeric 
dimethyldesneostrychnidine and dimethyldesbisneostrychnidine consists in the position 
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of one (or, less probably, of both) of the unsaturated bonds, and (ii) one of the ethylenic 
linkages of dimethyldesneostrychnidine is capable of migration. 

The substance (d) contains a methoxy-group, two methyl groups attached to nitrogen, 
and one double bond; it is termed methoxy-N(b)N(b)-dimethyldihydrochanodihydrobdis- 
neostrychnidine. When it was hydrogenated in dilute hydrochloric acid solution in 
presence of platinum-black, two stereoisomeric dihydro-derivatives were formed: one of 
them, designated methoxy-N (b)N(b)-dimethyldthydrochanotetrahydrostrychnidine, has m. p. 
131—132°, and the other, termed allomethoxy-N (b)N (b)-dimethyldthydrochanotetrahydro- 
strychnidine, melts at 113—114°. When methoxydimethyldihydrochanotetrahydro- 
strychnidine was treated successively with boiling 30% (by vol.) sulphuric acid, sodium 
iodide, and silver chloride, elimination of methyl alcohol took place and a quaternary 
chloride, identical with methyldihydrochanodihydrostrychnidine methochloride, was 
obtained. |§Methoxydimethyldihydrochanodihydrobisneostrychnidine, under similar 
conditions, unexpectedly gave a quaternary chloride, isomeric, but not identical, with 
methylchanodihydroneostrychnidine methochloride. The new quaternary chloride, on 
heating with sodium methoxide, yielded dimethyldesbisnzostrychnidine. 

The decomposition of methyldihydrochanodihydrostrychnidine dimetho-salts by sodium 
methoxide gives rise to the following products: (i) a base, C,.H,;,ON,, m. p. 177—178°, 
identified as methyldihydrochanodihydrostrychnidine, (ii) a base, C,,H3,ON, (amorphous ; 
analysed as the methiodide, m. p. 299—301°), termed N(b)N(d)-dimethyldesdihydro- 
strychnidine-D, (iii) a base, C,,H,;,ON, (amorphous; analysed as the methiodide, m. p. 
177—178°), termed N(b)N(b)-dimethyldesdihydrobisneostrychnidine, and (iv) a substance, 
Co4Hy,O.N2, m. p. 131—132°, identical with methoxydimethyldthydrochanotetrahydro- 
strychnidine. It is very likely that dimethyldesdihydrostrychnidine-D and dimethyldes- 
dihydrobdisneostrychnidine are dihydro-derivatives of dimethyldesbisneostrychnidine and 
dimethyldesneostrychnidine; it is of importance that rearrangement of the double linkage 
does not take place with either of the dimethyldesdihydro-bases as in the case of dimethyl- 
desneostrychnidine. This fact gives a clue to the position of the labile double bond in 
dimethyldesneostrychnidine; this position must be different from that occupied by the 
double bond in the dimethyldesdihydro-bases. 

The conversion of methylchanodihydroneostrychnidine methochloride into methoxydi- 
methyldihydrochanodihydrobisneostrychnidine presents certain analogies to the change: 
strychnidine methosulphate (I) —-+> methoxymethyldihydroneostrychnidine (II) (Clemo, 
Perkin, and Robinson, J., 1927, 1589; Achmatowicz, Perkin, and Robinson, J., 1932, 
487) and may be explained in a similar manner. When methylchanodihydroneostrychnidine 
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methochloride (III) is subjected to the action of sodium methoxide, a ring-fission occurs at 
N(b) and at the same time the double bond shifts to a new position. It is very unlikely 
that it should return to the position which it occupies in strychnidine (I), because the neo- 
position is believed to be the more stable. It is also highly improbable that :CMe in (ITI) 
might become ‘C—CH,. But no theoretical objections to the third alternative are 
evident, viz., that the ethylenic linkage moves from the xeo-position (By) in (III) to the 
aB-position. In this case methoxydimethyldihydrochanodihydrobisneostrychnidine 
would have the structure (IV). It is evident that this formula is in accord with the fact 
that dilute sulphuric acid acts on methoxydimethyldihydrochanodihydrobisneostrychnidine 
to yield a quaternary hydrogen sulphate, isomeric, but not identical, with the corre- 
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sponding salt of methylchanodihydroneostrychnidine. If, on the other hand, we take into 
consideration the fact that this salt may be converted into dimethyldesbisneostrychnidine, 
we come to the conclusion that one of the unsaturated linkages in this base also occupies the 
a8-position. The transformation of dimethyldesneostrychnidine methochloride into 
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dimethyldesbisneostrychnidine is analogous to the conversion of strychnidine methosulphate 
into neostrychnidine (Clemo, Perkin, and Robinson, Joc. cit.), which is accompanied by 
migration of the double bond to the neo-position; hence one of the ethylenic linkages (the 
labile) in dimethyldesneostrychnidine is located in the same position which it occupies in 
methylchanodihydroneostrychnidine, #.e., in the neo-position. This implies that when 
both rings at N(b) are opened, the meo-arrangement becomes less stable and acquires a 
tendency towards isomerisation. 

In accordance with the view that strychnine and brucine are substituted y-phenyl- 
propylamines, Hofmann elimination would be expected to give rise to substituted iso- 
propenylbenzenes. This indicates the position of the second double bond in dimethyldes- 
neostrychnidine and dimethyldesbisneostrychnidine, and the bases receive formule (V) and 
(VI) respectively (compare, however, the discussion in the preceding paper). 
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One of the double bonds in dimethyldesneostrychnidine occupies the same position as 
in neostrychnidine, hence the prefix neo. The position of one of the unsaturated linkages 
in dimethyldesbisneostrychnidine differs from that in strychnidine by two migrations, 
consequently some different prefix had to be introduced and bisneo is proposed. For 
the same reason the methoxy-derivative is designated methoxydimethyldihydrochano- 
dihydrobisneostrychnidine, and it is evident that in the reduced series both prefixes should 
be dropped. 

We shall now consider the decomposition products in the dihydro-series. Here the 
position, as could be anticipated, is somewhat different. | Methyldihydrochanodihydro- 
strychnidine has no double bonds, and therefore no isomerisation is involved in the 
decomposition of its dimetho-salts into methoxydimethyldihydrochanotetrahydro- 
strychnidine (analogy to the change: dihydrostrychnidine methochloride —> methoxy- 
methyltetrahydrostrychnidine). For the same reason dilute sulphuric acid acts on the 
latter base to reconstitute methyldihydrochanodihydrostrychnidine hydrogen sulphate, but 
not to give an isomeric salt, as in the case of methoxydimethyldihydrochanodihydro- 
bisneostrychnidine (analogy to the transformation : methoxymethyltetrahydrostrychnidine 
— > dihydrostrychnidine), It is also clear that dimethyldesdihydrostrychnidine-D and 
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dimethyldesdihydrobisneostrychnidine are normal products of the second stage of Hofmann 
elimination. One of these bases (presumably the isomeride D) probably has the structure 
(VII), based on the y-phenylpropylamine conception. But the position of the double bond 
in the other base cannot be located with certainty; however, it is almost certain that it is 
not in the neo-position, because neither of the two dimethyldesdihydro-bases, as already 
stated, is capable of rearrangement of the type: dimethyldesneostrychnidine methochloride 
—-> dimethyldesbisneostrychnidine. If dimethyldesdihydrostrychnidine-D possesses 
formula (VII), and if both bases are normal products of Hofmann elimination, dimethyl- 
desdihydrobisneostrychnidine should be represented by the formula (VIII) (hence the 
prefix bisneo). 

On inspecting the formule of various degradation products (see also the following 
paper) of dihydrostrychnidine, it will be noticed that formula (VI), representing dimethyl- 
desbisneostrychnidine, contains a peculiar arrangement, namely, a conjugated system of 
two double bonds, attached to the benzene nucleus. On the basis of Robinson’s theory 
as to the influence of unsaturated groups on colour reactions in the strychnidine series, 
dimethyldesbisneostrychnidine, if it really does contain such an arrangement in proximity 
to N(a), might be expected to give unusual colour reactions. Actually, the dilute aqueous 
acid—ferric reaction of this base is unique, for, whereas substances of the strychnidine, 
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dihydrostrychnidine and meostrychnidine type usually give a pink PR Nie changing 
to eosin-red, dimethyldesbisneostrychnidine gives an intense bordeaux coloration, changing 
slowly to dark brown. This reaction is so sensitive that it was necessary to reduce the 
amount of the base to 1/10 of that used in the standard test (Achmatowicz and Robinson, 
J., 1934, 581); under these conditions the colour develops somewhat more slowly, but it is 
reddish-purple and remains so for days. When the conjugated arrangement of double 
bonds is not present, the eosin-red colour may again be observed. Thus, for instance, 
dimethyldesneostrychnidine (V) and tetrahydro(dimethyldesbisneostrychnidine) give a 
typical strychnidine reaction, but methoxydimethyldihydrochanodihydrobisneostrychnidine 
(IV) and both of its dihydro-derivatives give a yellow coloration with a faint, transient 
pinkish tinge. Unexpectedly, dimethyldesdihydrostrychnidine-D gave the strychnidine 
type colour effect, whereas the dilute aqueous acid—ferric reaction of the isomeric dimethyl- 
desdihydrobisneostrychnidine was negative. 

The isomerisation of dimethyldesneostrychnidine into dimethyldesbisneostrychnidine 
suggests that the latter possesses a more stable arrangement than the former. In the light 
of our hypothesis this isomerisation, as well as the transformation methylchanodihydro- 
neostrychnidine dimethochloride-—> dimethyldesbisneostrychnidine, is a result of the 
tendency of the double bonds to acquire a conjugated arrangement : there are numerous 
examples in the literature of this kind of isomerisation. 

The realisation of the final stage of the Hofmann degradation has been accomplished 
with dimethyldesbisneostrychnidine and again the most favourable yields of the degradation 
products were obtained when the dimetho-salts of the base were taken. The reaction was 
accompanied by evolution of a considerable amount of trimethylamine, identified as 
hydrochloride and platinichloride. Of the three degradation products, one was identified 
with dimethyldesbisneostrychnidine, and the other two were isolated as methiodides. 
These salts are isomeric and have the composition C,,H,;0N,MeI. One of them, designated 
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desazastrychnidine-a methiodide, has m. p. 154—156° and the other, termed desaza- 
strychnidine-b methiodide, melts at 104—105°. 

Free desazastrychnidine-a (amorphous) was prepared by thermal decomposition of the 
methochloride; in contrast to all known strychnidine derivatives, it is only sparingly 
soluble in dilute acids; it is precipitated from solutions in more concentrated acids as the 
free base, on dilution with water. When subjected to catalytic hydrogenation, it takes 
up three molecules of hydrogen (in accordance with theory), but the hexahydro-derivative 
has not, as yet, been prepared in crystalline form, and is probably a mixture of stereo- 
isomerides. 

If we accept the “‘ conjugated bond system” hypothesis advanced in this memoir, 
desazastrychnidine-a should be represented by formula (IX), since this base is one.of the 
only two known dihydrostrychnidine degradation products giving a reddish-purple 
coloration in the dilute aqueous acid—ferric test. Here, again, the reddish-purple coloration 
is no longer observed after hydrogenation and hexahydrodesazastrychnidine-a gives under 
standard conditions a stable eosin-red coloration, typical of strychnidine. The latter 
colour effect is also given by desazastrychnidine-b, whence it must be supposed that this 
base does not possess a conjugated double bond system. The properties and the structure 
of desazastrychnidine-b are discussed in the following paper. 

As stated above, methoxydimethyldihydrochanodihydrobisneostrychnidine, on catalytic 
hydrogenation, yields two isomeric dihydro-derivatives. They are undoubtedly stereo- 
isomerides, and, so far as the writer is aware, it is for the first time in the strychnine series 
that two stereoisomeric substances have been obtained in one and the same process and 
isolated in a pure state. Formation of another pair of stereoisomerides was observed when 
methylchanodihydrostrychnidine in dilute hydrochloric acid solution was hydrogenated 
in presence of platinum-black or palladised charcoal. Two dihydro-derivatives were 
isolated: the already known methyldihydrochanodihydrostrychnidine, m. p. 177—178° 
(compare Perkin, Robinson, and Smith, loc. cit.), and a new one, termed allo-N(b)-methyl- 
dihydrochanodthydrostrychnidine, m. p. 117—118°. The isomerides of both pairs show a 
rather great difference in m. p. (methoxydimethyldihydrochanotetrahydrostrychnidine has 
m. p. 131—132°, and the allo-isomeride melts at 113—114°); however, this is not an 
obstacle, since analogy may be found in other groups of substances, for example, cis-6- 
decalol has m. p. 105°, whereas the trans-isomeride melts at 75° (Hiickel, Annalen, 1925, 
441, 1; 1926, 451, 109), and cis-trans-trans-trans-androsterone melts at 182—183°, whereas 
trans-cis-trans-trans-androsterone has m. p. 150—151° (Ruzicka and coll., Helv. Chim. 
Acta, 1934, 17, 1395). Methoxydimethyldihydrochanotetrahydrostrychnidine and the allo- 
isomeride have the same crystallographic structure, but the crystals of the other pair of 


isomerides are different. 
EXPERIMENTAL, 


Derivatives of N(b)-Methylchanodihydroneostrychnidine.—The experiments were carried 
out with methylchanodihydroneostrychnidine, m. p. 143—144°, produced by thermal 
decomposition of methyldihydrostrychnidinium-A carbonate. The, methiodide was prepared 
by direct union of the components at room temperature, but, contrary to previous observations 
(Perkin, Robinson, and Smith, J., 1934, 574), it had little tendency for crystallisation. It 
could be crystallised only from much boiling benzene, from which it separated in colourless 
needles, m. p. 208—210° (Found in a crystalline specimen, dried at 104°: C, 57-4; H, 6-8. 
Found in an amorphous specimen, dried at 104°: C, 57-5; H, 6-7; I, 26-2. C,,H;,ON,I 
requires C, 57-7; H, 6-5; I, 266%). The methochloride, prepared by means of silver 
chloride from the amorphous modification of the methiodide, formed a brown horny mass,- 
freely soluble in water or methyl alcohol. The dimethiodide was produced by heating the 
components for 12 hours in a sealed tube at 130°; the semicrystalline dimethiodide, which 
remained after evaporation of the excess of methyl iodide, was sufficiently pure for analysis 
and for further purposes (Found in material dried at 104°: C, 46-1, 46-3; H, 5-8, 5-7; I, 40-7. 
C,,H,,ON,I, requires C, 46-5; H, 5-5; I, 410%). The derivative was moderately readily 
soluble in water or methyl alcohol and had little tendency for crystallisation. The dimetho- 
chloride formed a brown horny mass, freely soluble in water. 

The Action of Sodium Methoxide on N(b)-Methyichanodihydroneosirychnidine Metho- and 
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Dimetho-salts —The decomposition of these salts by sodium methoxide gave rise to a mixture 
of exactly the sathe substances, but the best yields of the N(b)-ring-fission products were 
obtained from the dimethochloride. The experiments were carried out under various conditions 
and a variety of methods was applied for the separation of the decomposition products. The 
following is a brief description of a typical procedure. 

A mixture of methylchanodihydroneostrychnidine dimethochloride (5 g., previously dried 
in a vacuum) with methyl-alcoholic sodium methoxide (30 c.c. of 25%) is heated in an open 
flask, first on the steam-bath and subsequently on a sand-bath, until the temperature reaches 
130—135°. At 105—110° the mixture begins to froth and the flask is frequently shaken. 
The yellowish melt is allowed to cool, diluted with ice-water, washed, and dried in a vacuum 
(or the melt is mixed with water and exhaustively extracted with benzene, and the dried extract 
evaporated to dryness in a vacuum). The dry product (about 4 g.) is dissolved in boiling 
methyl alcohol (15 c.c.) and left in an ice-chest. After several hours methylchanodihydro- 
neostrychnidine (0-9 g.), m. p. 141—143°, crystallises; the methyl-alcoholic mother-liquor 
is twice concentrated and two fresh crops (0-3 g. and 0-2 g.) of the same base, m. p. 137—140°, 
are obtained. The base, recrystallised from methyl alcohol, has m. p. 143—144°, not depressed 
by pure methylchanodihydroneostrychnidine. The dark-coloured methyl-alcoholic filtrate is 
diluted with methyl alcohol (10 c.c.), and methyl iodide (1 c.c.) added. Heat is evolved and 
shortly a slightly coloured, crystalline precipitate (0-4 g.), m. p. 295—300°, is formed (crop 1). 
The filtrate is concentrated to half its volume; after 2—3 days crop 2, m. p. 290—300°, 
separates (0-2 g.). The residue is diluted with methyl alcohol (5 c.c.) and poured into boiling 
water (50 c.c.), and the mixture digested until methyl alcohol is boiled away. The liquid is 
allowed to cool and the clear aqueous solution (A) is filtered from the gummy precipitate (B). 
The latter is ground with boiling water and the cold washings are added to the solution (A). 
This is now evaporated to half its volume; after several days crop 3 (0-65 g.), m. p. 260—290°, 
is deposited. The concentration is repeated three times and affords crops 4, 5, and 6 (0-6 g., 
0-2 g., and 0-3 g.), m. p. 250—265° (crystallisation at this stage is slow and formation of the last 
three crops usually takes about 3 weeks). The remaining aqueous solution is evaporated, 
the residue mixed with (B) and freshly precipitated silver chloride (from 3 g. of silver nitrate), 
and the whole heated for 4 hours on a water-bath. The filtrate from the silver salts is 
evaporated to dryness and a brown horny solid (C) is obtained (0-2 g.). The silver salts are 
dried at room temperature and extracted with benzene and the dried extract is evaporated in a 
vacuum; this operation furnishes product (D) (0-4 g.). y 

Crops 1 and 2 are repeatedly crystallised from water and the aqueous mother-liquors are 
used for crystallisation of crops 3—6. Finally two substances are obtained: N(b)N(b)- 
dimethyldesbisneostrychnidine methiodide (14 g.), m. p. 310—312°, and N(b)N(d)- 
dimethyldesneostrychnidine methiodide (0-25 g.), m. p. 263—265°. 

The amorphous solid (C) was proved to be identical with methylchanodihydroneostrychnidine 
methochloride; it (collected from several preparations) was heated with sodium methoxide 
and the decomposition product, worked up as previously described, was resolved into the 
same substances as those obtained by decomposing methylchanodihydroneostrychnidine 
dimethochloride. 

Repeated crystallisation of the product (D), first from methyl alcohol and subsequently 
from light petroleum (b. p. 60—65°), furnished methoxy-N(b)N(b)-dimethyldihydrochanodi- 
hydrobisneostrychnidine (0-3 g.), m. p. 129—130°, along with an oily halogen-free product 
(0-7 g.), which has not been examined. 

N(b)N(b)-Dimethyldesbisneostrychnidine methiodide crystallises from water or methyl] alcohol 
in long, colourless, fragile, prismatic needles, m. p. 310—312° (Found in air-dried material : 
C, 58-5, 58-4; H, 6-7, 6-8. C,,H,,ON,I requires C, 58-5; H, 67%). It is very sparingly 
soluble in water (0-25 in 100 at 17°; 1-6 in 100 at 100°), and dissolves sparingly in methyl 
alcohol. 

The methochloride separates from a concentrated aqueous solution in long colourless needles 
containing 7H,O. The air-dried heptahydrate, on rapid heating in a capillary tube, shrinks and 
partly melts at 53—55°; on further heating, it crystallises and melts again at 235—237°; 
dried at 60°, it gives the monohydrate, m. p. 235—237° without previous shrinking. The 
anhydrous salt is obtained by drying the hepta- or the mono-hydrate at 104°, and is 
somewhat hygroscopic (Found in air-dried material: loss at 60°, 20-2; loss at 104°, 23-6. 
C,,H,,ON,Cl,7H,O requires 6H,O, 20-4; 7H,O, 240%. Found in material dried at 104°: C, 
72-0, 72-1; H, 8-4, 8-5. C,,H,,ON,Cl requires C, 71-9; H, 8-2%). 

N(b)N(b)-Dimethyldesbisneostrychnidine.—Free dimethyldesbisneostrychnidine was obtained 
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by the action of heat on the methochloride just described. The base crystallises from acetone 
in stout colourless plates (Fig. 1), m. p. 113—114° (Found in air-dried material: C, 79-0, 78-9; 
H, 8-7, 8-7; N, 7-8, 7-9; Me as NMe, 9-0, 8-8. C,,;H,,ON, requires C, 78-9; H, 8-6; N, 8-0; 
2Me as NMe, 8-6%) ; it is readily soluble in the simple alcohols, chloroform or benzene, dissolves 
moderately readily in acetone, and is sparingly soluble in light petroleum (b. p. 60—65°). A 
solution of the base (0-5—0-1 mg.) in 0-1% hydrochloric acid (5 c.c.), on addition of ferric alum 
solution (5 c.c. of 0-25%), slowly develops a reddish-purple coloration, which intensifies on 
standing and becomes brown on warming. The same colour effects are produced by the 
methochloride and methosulphate of the base. Dimethyldesbisneostrychnidine instantly 
combines with methyl iodide with evolution of heat and formation of a methiodide, identical 
with dimethyldesbisneostrychnidine methiodide, described above. The identity was established 
by m. p., by mixed m. p. (310—312° in both cases), and by analysis (Found in air-dried material : 
C, 58-6; H, 6-9%). 

The methosulphate, prepared by direct union of the components in a benzene solution at 
room temperature, forms colourless tablets, m. p. 227—229°, readily soluble in water and fairly 
soluble in methyl alcohol (Found in a specimen dried at 104°: C, 63-2; H, 7-9. C,,;H;,0;N,S 
requires C, 63-0; H, 76%)... 

The dimethiodide. Dimethyldesbisneostrychnidine (4-1 g.), dissolved in dry benzene (40 c.c.), 
was mixed with methyl sulphate (6 c.c.) and refluxed for 6 hours on a water-bath. The semi- 
crystalline, yellow product was dissolved in water (30 c.c.), basified with ammonia (no 
precipitate), heated to boiling, and mixed with aqueous sodium iodide (5 g. in 10 c.c. of water). 
The dimethiodide, which was precipitated, was thrice recrystallised from water, forming minute 
colourless plates (4:7 g.), m. p. 273—275° (Found in air-dried material: loss at 104°, 2-7. 
C,;H;,ON,I,,H,O requires H,O, 28%. Found in a specimen dried at 104°: C, 47-1, 47-0; 
H, 5-9, 6-0; I, 39-7. C,;H,,ON,I, requires C, 47-3; H, 5-7; I, 40-1%). Itis sparingly soluble 
in water or in the simple alcohols and has the power of retaining water of crystallisation. 

The related dimethochloride separates from a concentrated aqueous solution as a hexahydrate, 
which forms yellowish needles, discoloring at 104°. Kept over sulphuric acid, it loses 3H,O, 
forming a trihydrate; the anhydrous salt is obtained when the hydrates are dried at 104°. 
The hexahydrate, on slow heating in a capillary tube, shrinks at 70—75°; when it is heated 
rapidly, it melts at 75—80°; the melt, on further heating, crystallises at 110—120° and melts 
again at 242—-244°. This is also the m. p. of the trihydrate and the anhydrous salt (Found in 
air-dried material: loss at 104°, 18-8. C,,H,,ON,Cl,,6H,O requires 6H,O, 19-3%. Found in 
material dried over sulphuric acid: C, 59-4; H, 8-3; Cl, 14:0. C,;H,;,ON,Cl,,3H,O requires 
C, 59-4; H, 8-4; Cl, 13-5%. Found inaspecimen dried at 104°: C, 66-3; H, 8-3. C,;H;,ON,Cl, 
requires C, 66-5; H, 8-0%). When the dry dimethochloride was heated in a test-tube ovér a 
free flame, methyl chloride was given off and pure dimethyldesbisneostrychnidine was formed, 
m. p. 113—114° after recrystallisation from acetone. 

Catalytic Hydrogenation of N(b)N(b)-Dimethyldesbisneositrychnidine in the Presence of 
Platinum-black.—The base (0-9 g.) was dissolved in 5% hydrochloric acid (15 c.c.) and 
hydrogenated in the presence of platinum-black (from 0-1 g. of platinum oxide, prepared by 
Adams’s method) at room temperature. Absorption of the gas ceased after about 65 minutes, 
123 c.c. (at N.T.P.) having been taken up (calc. for 4H, 115 c.c.). The filtered solution was 
basified with ammonia and the semi-solid precipitate was thrice extracted with petroleum (b. p. 
65—70°); a quaternary ammonium chloride was not detected in the aqueous layer. The 
extract was dried, filtered, and evaporated to dryness in a vacuum. The slightly coloured 
residue (0-9 g.) was readily soluble in the usual solvents and, despite numerous attempts, could 
not be prepared in a crystalline state. In order to establish its composition, it was subjected 
to the action of methy] iodide; interaction took place at room temperature to yield a methiodide, 
which after three crystallisations from water formed minute colourless needles, m. p. 261—263° 
(Found in a specimen dried at 104°: C, 58-3, 58-0; H, 7-3, 7-5. C,,H;,ON,I requires C, 58-1; 
H, 75%). The examination of the mother-liquor with the aim of isolating a presumed 
stereoisomeric methiodide is in progress. 

N(b)N(b)-Dimethyldesneostrychnidine methiodide is moderately readily soluble in methyl 
alcohol and readily in ethyl alcohol; it separates from an aqueous solution in soft, silky, 
colourless needles, m. p. 263—267° (Found in a specimen dried at 104°: C, 58-3, 58-4; H, 6-8, 
6-8. C,,H,,ON,I requires C, 58-5; H, 6-7%). 

The related methochloride is very readily soluble in water or methyl alcohol; it separates 
from an aqueous solution as a polyhydrate, forming colourless, glistening needles. Unlike 
the heptahydrate of the isomeric dimethyldesbisneostrychnidine methochloride, it becomes 
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opaque on standing (2—3 days) in the air and the long, transparent needles are transformed into 
a white, sandy powder, consisting of a monohydrate; when the latter is dried at 60°, it loses 
4H,O; the anhydrous salt is formed at 104°, and is hygroscopic. The polyhydrate melts at 
58—60° to a colourless oil, which on further heating crystallises at about 120° and melts again at 
271—273°; this is also the m. p. of the other hydrates and of the anhydrous salt (Found in 
air-dried material: loss at 60°, 1-8; loss at 104°, 4-6. C,,H,;,ON,Cl,H,O requires 0-5H,O, 
2-1; 1H,O, 43%. Found in a specimen dried at 104°: C, 72-0; H, 8-5. C,,H3;,;ON,Cl requires 
C, 71-9; H, 82%). 

The Conversion of Dimethyldesneostrychnidine Methochloride* into Dimethyldesbisneo- 
strychnidine.—Dimethyldesneostrychnidine methochloride (80 mg.) was mixed with methyl- 
alcoholic sodium methoxide (1 c.c. of 25%) and heated for 2 hours in an open flask on a water- 
bath. The cold product was mixed with ice-water (5c.c.) and exhaustively extracted with light 
petroleum (b. p. 45—50°). The extract was dried, filtered, and left for slow evaporation of the 
solvent. The crystalline residue (50 mg.), after being twice recrystallised from light petroleum 
(b. p. 35—40°), was identified as dimethyldesbisneostrychnidine by m. p., by mixed m. p., by 
comparison of crystals (microphotographs), and by analysis (Found in air-dried material : 
C, 78-8; H, 88%). 

N(b)N(b)-Dimethyldesneosirychnidine.—When dimethyldesneostrychnidine methochloride (70 
mg.) was cautiously melted in a small test-tube over a free flame, no decomposition occurred ; 
the cold melt, after being recrystallised from acetone, had m. p. 271—273°, not depressed by 
the initial methochloride. When, however, the methochloride (100 mg.) was gently heated for 
a short time a few degrees above the m. p., methyl chloride was given off and free dimethyl- 
desneostrychnidine was formed. The product was thrice recrystallised from light petroleum 
(b. p. 30—40°) and minute colourless plates (Fig. 2), m. p. 73—74°, were obtained (Found in 
air-dried material : C, 78-7, 78-9; H, 8-9, 8-9; N, 8-2, 8-3; Meas NMe, 9-0. C,,;H;,ON, requires 
C, 78-9; H, 8-6; N, 8-0; 2Me as NMe, 8-6%). Dimethyldesneostrychnidine is very sparingly 
soluble in light petroleum, readily soluble in the simple alcohols, acetone or ethyl acetate, and 
dissolves very readily in chloroform or benzene. The dilute aqueous acid-ferric reaction of 
this substance (standard conditions) is of strychnidine type, although the colour develops more 
slowly and is less intense. When dimethyldesneostrychnidine was hydrogenated on a semi- 
micro-scale in presence of platinum-black, 4H were taken up, but the reduction product has not 
been isolated (see following paper). Dimethyldesneostrychnidine readily combines with methyl 
iodide, yielding a methiodide identical with dimethyldesneostrychnidine methiodide described 
on p. 1478 (m. p. and mixed m. p. 263—267°). 

Methoxy-N (b)N(b)-dimethyldihydrochanodihydrobisneostrychnidine crystallises from methyl 
alcohol or light petroleum (b. p. 65—70°)_in stout colourless plates (Fig. 3), m. p. 129—130° 
(Found in air-dried material: C, 75-7, 75-5; H, 8-9, 8-9; N, 7-5; OMe, 8-7; Meas NMe, 91. 
C,,H;,0,N, requires C, 75-4; H, 8-9; N, 7-3; OMe, 8-1; 2Me as NMe, 7-9%); it is readily 
soluble in chloroform, benzene and acetone, but dissolves sparingly in methyl alcohol or light 
petroleum. It was recovered (95%) unchanged after being heated for 12 hours with excess of 
methyl] iodide in a sealed tube at 110°, Unlike methoxymethyldihydroneostrychnidine (Clemo, 
Perkin, and Robinson, J., 1927, 1589), it is not oxidised by methyl iodide in methyl-alcoholic or 
acetone solution, even on prolonged boiling; neither does it become purple on standing in the 
air and its methyl-alcoholic mother-liquor remains colourless. A solution of the base (10 mg.) 
in 0-1% hydrochloric acid (5 c.c.), on addition of ferric alum solution (5 c.c. of 0-25%), slowly 
becomes pinkish-yellow; this colour changes to yellow on standing. 

The Action of Boiling Dilute Sulphuric Acid on Methoxy-N(b)N(b)-dimethyldihydrochano- 
dihydrobisneostrychnidine.—Methoxydimethyldihydrochanodihydrobisneostrychnidine is not 
attacked by boiling 10% (by vol.) sulphuric acid during 3 hours and only a slight change occurs 
when 20% sulphuric acid is used. Under the following conditions the reaction was complete. 
A solution of the base (0-5 g.) in 30% sulphuric acid (10 c.c.) was refluxed for 6 hours. The 
cold liquid was diluted with ice, rendered alkaline with ammonia at 0° (slight turbidity), 
filtered, and mixed with solid sodium iodide (1 g.). The brown oily iodide which was precipitated 
was washed with water (the washings and the alkaline filtrate were combined and evaporated to 


* Owing to lack of material, all the experiments with dimethyldesneostrychnidine and its metho- 
chloride described in this paper were carried out on a semi-micro-scale. When this part of the investig- 
ations was completed, it was found that dimethyldesneostrychnidine is also formed, but in a better 
yield, from the des-base-D (see following paper). It was therefore possible to repeat on a macro-scale 
the whole cycle of transformations of this base and all the results now described were confirmed. 
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a small bulk in a vacuum; a further small quantity of the same iodide was obtained) and heated 
for 3 hours with silver chloride (from 1 g. of silver nitrate) and water (25c.c.). The filtrate from 
the silver salts was evaporated to dryness and the brownish glassy residue was decomposed by 
sodium methoxide as described on p. 1477. The decomposition product was worked up by the 
usual method, but no methylchanodihydroneostrychnidine could be isolated. When the methy]l- 
alcoholic solution was mixed with methyl iodide, it became warm and almost instantly a 
crystalline precipitate was deposited; this was recrystallised from water. It was proved to be 
identical with dimethyldesbisneostrychnidine methiodide by m. p., mixed m. p. (310-—312° in 
both cases), and by conversion into free dimethyldesbisneostrychnidine (thermal decomposition 
of the related methochloride). 

Catalytic Hydrogenation of Methoxy-N(b)N(b)-dimethyldihydrochanodihydrobisneosirych- 
nidine. Formation of Two Stereoisomeric Dihydro-bases: Methoxy-N(b)N(b)-dimethyldihydro- 
chanotetrahydrosirychnidine and alloMethoxy-N(b)N(b)-dimethyldihydrochanotetrahydrosirych- 
nidine.—This experiment was carried out (i) in presence of palladised charcoal and (ii) in presence 
of platinum-black; in both cases the same result was obtained and the following is the 
description of the experiment with platinum-black. Methoxydimethyldihydrochanodihydro- 
bisneostrychnidine (0-57 g.) was dissolved in 5% hydrochloric acid (10 c.c.) and agitated in 
hydrogen in presence of platinum-black (from 0-05 g. of platinum oxide) at 17°. Absorption of 
the gas ceased after 50 minutes, 35 c.c. (at N.T.P.) having been taken up (calc. for 2H, 34 c.c.). 
The filtered solution was basified with ammonia (caseous precipitate) and exhaustively 
extracted with benzene. The colourless residue left after distillation of the solvent in a 
vacuum was repeatedly crystallised from methyl alcohol and two products were obtained : 
methoxydimethyldihydrochanotetrahydrosirychnidine (0-12 g.), m. p. 131—132°, and an oily 
fraction (0-41 g.). The identity of the former was proved by m. p., by mixed m. p. (no 
depression), by comparison of crystals (microphotographs), and by analysis (Found; 
C, 751; H, 9-6. C,,H,,0,N, requires C, 75-0; H, 94%). A description of this substance 
(prepared in a different way) is given below. . 

The oily fraction was very readily soluble in the usual organic solvents; it was dissolved 
in ether (10 c.c.) and left in an open test-tube for slow evaporation of the solvent. After about 
3 weeks allomethoxydimethyldihydrochanotetrahydrostrychnidine began to crystallise; the 
collected crystals were three times recrystallised from light petroleum, giving finally minute 
colourless plates (85 mg.), m. p. 113—114° (Found: C, 75-1; H, 96%). The base is readily 
soluble in chloroform or benzene, moderately readily soluble in methyl alcohol, and dissolves 
sparingly in light petroleum. 

N(b)-Methyldihydrochanodihydrosirychnidine Dimetho-salts—These derivatives are semi- 
crystalline in the crude state and fail to crystallise on “ recrystallisation ”’; they are all fairly 
soluble in water or methyl alcohol. The only salt which was analysed was the dimethiodide, 
produced by direct union of the components in a sealed tube at 130° (Found in a specimen 
dried at 104°: C, 46-1, 46-0; H, 6-2, 6-1; I, 40-4. (C,,H,,ON,I, requires C, 46-3; H, 5-8; 
I, 40-9%). 

The Decomposition of N(b)-Methyldihydrochanodihydrostrychnidine Metho- and Dimetho-salts 
by Means of Sodium Methoxide.—The behaviour of the salts of both series is analogous to that of 
the corresponding salts of methylchanodihydromeostrychnidine: for instance, (i) the metho- 
chloride, treated with sodium methoxide, gives methyldihydrochanodihydrostrychnidine together 
with a minute quantity of N(b)-ring-fission products; (ii) the dimethochloride under similar 
conditions also gives methyldihydrochanodihydrostrychnidine, but the yield of the degradation 
products is better (much worse, however, compared with methylchanodihydroneostrychnidine 
dimethochloride). The separation of the decomposition products was carried out as described 
previously, but it occupied a longer time and at one point the procedure was somewhat different, 
namely, when the methyl-alcoholic mother-liquor (which remained after isolation of methyl- 
dihydrochanodihydrostrychnidine) was mixed with methyl iodide, the first substance which 
crystallised (aftet several days) was methoxydimethyldihydrochanotetrahydrostrychnidine 
(and not a methiodide, as in the previous case). The decomposition products (from 5 g. of 
dried dimethochloride) were: (a) N(b)-methyldihydrochanodihydrostrychnidine (3-3 g.), m. p. 
177—178°, identified in the usual way; (b) N(0)N(b)-dimethyldesdihydrostrychnidine-D 
methiodide (0-4 g.), m. p. 299—301°; (c) N(b)N(b)-dimethyldesdihydrobisneostrychnidine methio- 
dide (0-2 g.), m. p. 177—178°; and (d) methoxy-N(b)N(b)-dimethyldihydrochanotetrahydro- 
strychnidine (0-15 g.), m. p. 181—132°. 

N(b)N(b)-Dimethyldesdihydrosirychnidine-D methiodide crystallises from aqueous or methyl- 
alcoholic solution in soft colourless needles, m. p. 299—301° (Found in air-dried material : 





[1938] Achmatowicz: Strychnine and Brucine. Part XXXVIII. 1481 


C, 58-5, 58-4; H, 7-3, 7-2; I, 26-1. C,,H,,ON,I requires C, 58-3; H, 7-1; I, 25-7%); itis very 
sparingly soluble in water and dissolves moderately readily in methy] alcohol. 

The related methochloride separates from a concentrated aqueous solution in minute 
colourless plates, m. p. 225—227°. When it was cautiously heated for a few minutes at a 
temperature a few degrees above the m. p., methyl chloride was given off and free dimethyldes- 
dihydrostrychnidine-D was formed in good yield. This substance was also obtained when the 
methochloride was heated with sodium methoxide. The base, despite numerous attempts, 
could not be prepared in a crystalline state; however, the decomposition product from both 
preparations was homogeneous, since it gave with methyl iodide a methiodide, m. p. 299—301° 
(yield, 90%), which was found to be identical with dimethyldesdihydrostrychnidine-D methiodide 
described above. Ferric alum solution gives with dimethyldesdihydrostrychnidine-D (standard 
conditions) a pink coloration, changing to eosin-red. 

N(b)N(b)-Dimethyldesdihydrobisneostrychnidine methiodide is moderately readily soluble in 
water or methyl alcohol and separates from both solvents in colourless plates, m. p. 177—178° 
(Found in material dried at 104°: C, 58-2, 58-4; H, 7-4, 7:2. C,,H;,ON,I requires C, 58-3; 
H, 7-1%). 

The corresponding methochloride forms a brown horny mass, freely soluble in water. When 
it was heated (as in the preceding experiment), methyl] chloride was given off and free dimethyl- 
desdihydrobisneostrychnidine was formed. This base was also obtained by decomposing the 
methochloride with sodium methoxide. Dimethyldesdihydrobisneostrychnidine is amorphous 
and combines (on gentle heating) with methyl iodide to yield a methiodide, m. p. 177—178°, 
identical with dimethyldesdihydrobisneostrychnidine methiodide. The identity was established 
by mixed m. p. A solution of the base in dilute hydrochloric acid (standard conditions) remains 
almost colourless on addition of ferric alum or ferric chloride solution. 

Methoxy-N (b)N(b)-dimethyldihydrochanotetrahydrostrychnidine crystallises from methyl 
alcohol or light petroleum (b. p. 65—70°) in stout colourless plates (Fig. 4), m. p. 131—132° (the 
m. p. is considerably depressed on admixture with methoxydimethyldihydrochanodihydrobisneo- 
strychnidine). It is readily soluble in chloroform, benzene or acetone and dissolves sparingly 
in methyl alcohol or light petroleum (Found in air-dried material: C, 74-8, 74-9; H, 9-5, 9-6; 
N, 7-5; OMe, 8-4; Me as NMe, 7-6. C,,H,,0,N, requires C, 75-0; H, 9-3; N, 7-3; OMe, 8-1; 
2Me as NMe, 8-0%). Methoxydimethyldihydrochanotetrahydrostrychnidine does not combine 
with methyl iodide at 110° (12 hours), and was recovered unchanged after boiling for 3 hours 
with 20% (by vol.) sulphuric acid. The colour reaction of the base, under standard 
conditions, is similar to that of methoxydimethyldihydrochanodihydrobisneostrychnidine. 

The Action of Boiling Dilute Sulphuric Acid on Methoxy-N(b)N(b)-dimethyldihydrochano- 
tetrahydrostrychnidine. Formation of N(b)-Methyldihydrochanodihydrostrychnidine Hydrogen 
Sulphate—A solution of methoxydimethyldihydrochanotetrahydrostrychnidine (0-5 g.) in 
dilute sulphuric acid (10 c.c. of 40% by vol.) was refluxed for 6 hours. The cold liquid was 
worked up as in the case of methoxydimethyldihydrochanodihydrobisneostrychnidine and the 
quaternary chloride, which was finally obtained, was submitted to the action of sodium methoxide 
(under the usual conditions). The decomposition product was washed, dried, and recrystallised 
from methyl alcohol; methyldihydrochanodihydrostrychnidine thus obtained (yield, 70%) had 
m. p. 177—178°, not depressed by an authentic specimen. The mother-liquor was not examined. 

The Action of Methyl-alcoholic Sodium Methoxide on N(b)N(b)-Dimethyldesbisneostrychnidine 
Dimethochloride. Elimination of Trimethylamine and Formation of Two Isomeric Bases ; desaza- 
Strychnidine-a and desazaStrychnidine-b.—A solution of dimethyldesbisneostrychnidine dimetho- 
chloride (5 g., previously dried at 104°) in methyl alcohol (15 c.c.) was mixed with methyl- 
alcoholic sodium methoxide (30 c.c. of 25%) and heated until the temperature reached 130°. 
Evolution of trimethylamine began at about 105° and the gas was passed into dilute hydrochloric 
acid and identified by conversion into the hydrochloride, m. p. 272—274°, and the platinichloride, 
m. p. 240—242°. The cold, grey decomposition product was mixed with ice-water and 
exhaustively extracted with benzene (thrice, 75 c.c. in all) and the dried and filtered extract was 
evaporated to dryness ina vacuum. The dark residue was dissolved in boiling acetone (10 c.c.) 
and left in an ice-chest. After 12 hours dimethyldesbisneostrychnidine, m. p. 113—114°, 
crystallised, and a further small quantity of this base was obtained on concentrating the filtrate. 
Separation of other decomposition products could not be accomplished by simple crystallisation, 
and was achieved by the following method. The final acetone mother-liquor was evaporated 
to dryness, the residue dissolved in hydrochloric acid (10 c.c. of 25%) and diluted with water 
(100 c.c.), and the milky liquid exhaustively extracted with benzene. The extract was washed 
with aqueous sodium bicarbonate, dried, filtered, and evaporated to dryness in a vacuum 
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(product A). The aqueous layer was rendered alkaline with ammonia (turbidity) and extracted 
with benzene, the extract evaporated to dryness in a vacuum, and the residue crystallised from 
acetone; the product thus isolated was pure dimethyldesbisneostrychnidine, m. p. 113—114° 
(total yield, 2-4 g.). 

The product A (1-2 g.) was dissolved in methyl iodide (20 c.c.) and refluxed for 12 hours on a 
water-bath. The residue, after evaporation of the excess of methyl iodide, crystallised when 
rubbed with acetone, but the collected crystals were sticky and again by simple crystallisation 
it was impossible to get an analytically pure substance. The methylation product was dissolved 
in a mixture of equal volumes of methyl alcohol and acetone (15 c.c.) and precipitated by 
addition of ether (150 c.c.); the semi-solid precipitate was dissolved in acetone and a fresh 
portion of ether added. This operation was repeated until a dry (not sticky) product (B) was 
obtained (4—5 times). The ethereal solutions were combined and evaporated to dryness; the 
residue (C) was examined separately. 

The product B (0-9 g.) had m. p. 132—146° and, as was later established, consisted of des- 
azastrychnidine-a methiodide and desazastrychnidine-b methiodide. Preliminary separation 
of these substances was achieved by washing the mixture with much acetone, in which the 
former was very sparingly soluble and the latter moderately readily. desazaStrychnidine-a 
methiodide thus purified had m. p. 150—152°; two further crystallisations from water raised the 
m. p. to 154—155° (constant). 

The residue C (0-3 g.), after many unsuccessful attempts had been made to crystallise it, 
was refluxed with methyl iodide. After about 2 hours the solution began to deposit crystals 
and the heating was discontinued. The product was almost colourless and, after being washed 
with acetone, had m. p. 152—154°, not depressed by desazastrychnidine-a methiodide. 

desazaSirychnidine-a methiodide is very sparingly soluble in acetone and sparingly soluble 
in water, but dissolves readily in the simple alcohols. A hot saturated solution of the salt 
solidifies, on cooling, to a snow-white crystalline mass of a polyhydrate. This, on standing in 
the air for 1—2 days, is transformed into a hard crust containing 3-5H,O. When the latter 
hydrate is dried over sulphuric acid in a high vacuum at room temperature for 5—6 days, it 
loses 3H,O, forming a hemihydrate. The anhydrous salt could not be prepared in a pure state, 
as both hydrates, on drying at 90—100°, split off methyliodide. Ina quantitative experiment, 
4-596 mg. of the hemihydrate, heated at 104° in a high vacuum for 4 hours, lost 1-447 mg. or 
31-5%, whereas C,,H,,ONI,0-5H,O, losing MeI and 0-5H,O, requires a loss of 33-1%, or, losing 
Mel, requires a loss of 31:9%. The dried residue gave the following figures: C, 80-0; H, 7-7, 
whereas C,,H,,ON requires C, 82-7 and H, 7-6%. The air-dried methiodide melts at 96—98° ; 
on further heating, the liquid solidifies at about 110° and melts again at 154—155°. The 
product, dried at room temperature in a high vacuurn, melts at 98—101° (Found in 
air-dried material: loss over sulphuric acid in a high vacuum at room temperature, 10-8. 
C,,H,,ONI,3-5H,O requires 3H,O, 106%. Found in a specimen dried over sulphuric 
acid in a high vacuum at room temperature: C, 58-2, 58-2; H, 6-1, 6-1; N, 3-2, 3-4. 
C,,.H,,ONI,0-5H,O requires C, 58-0; H, 5-8; N, 31%). 

The related methochloride, prepared in the usual way, forms a slightly yellow, thick oil 
which, in contrast with all known quaternary chlorides of strychnine or brucine bases, is sparingly 
soluble in water. 

desazaStrychnidine-a.—desazaStrychnidine-a methochloride (0-1 g.) was mixed with methyl- 
alcoholic sodium methoxide (3 c.c. of 25%) and heated in an open flask on a rapidly boiling 
water-bath. The cold product was diluted with water and desazastrychnidine-a was extracted 
with light petroleum (20 c.c.). The base forms a colourless thick oil, readily soluble in most 
organic solvents except methylalcohol. A solution of the base (1—2 mg.) in dilute hydrochloric 
acid (5 c.c. of 0-1%, mixed with 3 drops of 25% hydrochloric acid) slowly becomes reddish- 
purple on addition of ferric alum solution (5 c.c. of 0-25%); on standing or more quickly on 
heating, the colour changes to brown and yellow. desazaStrychnidine-a is sparingly soluble 
in dilute acids; solutions in more concentrated acids deposit the free base on dilution with 
water. desazaStrychnidine-a does not combine with methyl iodide in the cold, but when it 
is refluxed with an excess of this reagent for 2 hours, the methiodide, m. p. 154—155°, is 
obtained in theoretical yield. 

desazaStrychnidine-b methiodide crystallises from water in minute colourless needles, m. p. 
104—105°, very readily soluble in methyl alcohol and moderately readily in acetone or water. 
It separates from an aqueous solution as a monohydrate, which loses water of crystallisation 
on being dried over sulphuric acid in a high vacuum at room temperature; at 104° the salt 
undergoes decomposition (Found in air-dried material: loss over sulphuric acid at room 
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PART XXXVIII. 


N(b)N(b)-Dimethyldesbisneostrychnidine, 
m. p. 113—114° (from acetone). 


Methoxy -N(b)N(b) -dimethyldihydrochanodihydro- 
bisneosirychnidine, m. p. 129—130° (from 
light petroleum). 


N(b)N(b)-Dimethyldesneostrychnidine, 
m. p. 73—74° (from ethyl alcohol). 


Methoxy-N(b)N(b)-dimethyldihydrochanotetra- 
hvdrostrychnidine, m. p. 131—132° (from 
light petroleum). 


[7'o face p. 1482. 





N(b) - Methyldihydrochanodihydrostrychnidine, allo-N(b)-Methyldihydrochanodihydrostrychnid- 
m. p. 177—178° (from methyl alcohol). ine, m. p. 117—118° (from methyl alcohol). 


ParT XXXIX. 





N(b)N(b)-Dimethyldesstrychnidine-D, m. p. desazaStrychnidine-b, m. p. 109—110° 
156—157° (from ethyl alcohol). (from ethyl alcohol). 
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temperature in a high vacuum, 3-9. C,,H,,ONI,H,O requires H,O, 40%. Found in a 
specimen dried as just stated: C, 59-5, 59-6; H, 6:2, 6-2; N, 3-5, 3-2; I, 27-6. C,.H,,ONI 
requires C, 59-1; H, 5-8; N, 3-1; I, 284%). Free desazastrychnidine-b is described in the 
following paper. 

Catalytic Hydrogenation of N(b)-Methylchanodihydroneostrychnidine. Formation of Two Stereo- 
isomeric Dihydro-bases: N(b)-Methyldihydrochanodihydrostrychnidine and allo-N(b)-Methyldi- 
hydrochanodihydrostrychnidine.—Methylchanodihydromeostrychnidine (14 g., m. p. 143—144°) 
was dissolved in 25% acetic acid (100 c.c.) and shaken with hydrogen in presence of platinum- 
black (from 1 g. of platinum oxide and 100 c.c. of water) at 17—19°. After 4 hours the volume 
of hydrogen absorbed was 940 c.c. (at N.T.P.; calc. for 2H, 933 c.c.) ; absorption then ceased. 
The reduction product was precipitated from the filtered liquid by means of ammonia (grey, 
voluminous precipitate) and extracted with benzene. The colourless residue (14 g.), after 
distillation of the solvent in a vacuum, gave on repeated crystallisation from methyl alcohol 
methyldihydrochanodihydrostrychnidine (total yield, 4-6 g.), m. p. 177—178° (Fig. 5) (compare 
Perkin, Robinson, and Smith, J., 1934, 579; Achmatowicz, Roczn. Chem., 1933, 25). 

allo-N(b)-Methyldihydrochanodihydrostrychnidine.—The methyl-alcoholic mother-liquor was 
evaporated to dryness ina vacuum. The very readily soluble residue, after many attempts to 
induce it to crystallise had failed, was dissolved in ether (200 c.c., though 20 c.c. suffice to 
dissolve the product) and left in an open flask for slow evaporation of the solvent. After 5 
weeks allomethyldihydrochanodihydrostrychnidine began to crystallise and, on addition of ether 
(15 c.c.) and rubbing, solidified to a hard crystalline mass. This was ground and washed with 
ether and thrice recrystallised from methyl alcohol. alloMethyldihydrochanodihydro- 
strychnidine (yield, 8-8 g.) formed colourless plates (Fig. 6), m. p. 117—118° (Found in air-dried 
material: C, 78-2, 78:3; H, 8-9, 8-9. C,,H,,ON, requires C, 78-1; H, 8-8%). When pure, it 
has a great tendency for crystallisation and may be crystallised from various solvents (methyl 
alcohol, acetone, ethyl acetate, benzene, petroleum) ; it is moderately readily soluble in methyl 
alcohol, light petroleum or ether and dissolves very readily in chloroform, benzene or acetone. 
The base was recovered unchanged (95%) after being heated for 4 hours on a water-bath with an 
excess of freshly distilled acetic anhydride and fused anhydrous sodium acetate. It readily 
combines with methyl iodide and, in common with other bases of the chano-series, yields a 
methiodide having no tendency for crystallisation. 

Both isomeric dihydro-bases were also formed when the hydrogenation was carried out on 
a smaller scale in presence of palladised charcoal. 


The author expresses his sincere gratitude to Professor Robert Robinson, F.R.S., for his 
constant interest and encouragement during the prosecution of this and previous researches 
on the Sirychnos alkaloids. He is also indebted to Docent K. Lindenfeld of Warsaw for preparing 
the microphotographs and for carrying out the micro-analyses. 


UNIVERSITY JOSEPH PILSUDSKI, WARSAW. (Received, April 27th, 1938.] 





281. Sitrychnine and Brucine. Part XXXIX. Final Stages of the 
Hofmann Degradation of Dthydrostrychnidine-A, Elimination of 
Trimethylamine and Isolation of desazaStrychnidine-b. 

By O. AcHMATOWICz and C. DyBowskKI. 


The des-base-D undergoes Hofmann eliminations only after conversion into 
dimetho-derivatives. One of the resulting des-bases of the second stage is identical with 
one of those derived from methylchanodihydroneostrychnidine; the second is termed 
dimethyldesstrychnidine-D. The third stage applied to the latter substance affords 
the two desazastrychnidines-a and -b and trimethylamine. 


As stated in Part XXVI (Achmatowicz and Robinson, J., 1934, 581) the action of 
sodium methoxide on the methochloride of the des-base-D, as well as the thermal de- 
composition of the related methocarbonate, gives, as the main product, the des-base-D 
[loss of methyl chloride or methyl carbonate attached to N(b)]. We have now found 
that a true Hofmann elimination takes place, when instead of the monometho-salts of the 
des-base-D, the dimetho-salts are taken for the above processes. 

5D 
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The des-base-D, in common with methyldesdihydrobrucidine-a (Achmatowicz, Lewi, 
and Robinson, J., 1935, 1687), gives, on methylation with methyl iodide at a relatively 
high temperature, two isomeric dimethiodides, namely, the normal dimethiodide, m. p. 
214—216°, and the allo-dimethiodide, m. p. 292—294°. The allo-dimethiodide is prob- 
ably a structural isomeride, because the corresponding dimethochloride loses methyl 
chloride when heated, to yield a base not identical with the des-base-D. When the 
normal dimethiodide was converted into the corresponding dimethochloride and the 
latter was decomposed with sodium methoxide, the following products were obtained : 
(i) a base, Cp23H,,ONg, m. p. 193—194°, identified with des-base-D; (ii) a base, CysHsgONo, 
m. p. 73—74°, identical with dimethyldesneostrychnidine; (iii) a base, CygHsg,ONg, m. p. 
156—157°, termed N(b)N(b)-dimethyldesstrychnidine-D; and other substances which 
are under examination. 

Dimethyldesstrychnidine-D contains -N(b)Me, and two double bonds, as proved 
by conversion into a dihydro-derivative, m. p. 125—126°, and a tetrahydro-derivative 
(amorphous; analysed as the methiodide, m. p. 244—246°). Dimethyldesstrychnidine-D 
fails to undergo internal alkylation when hydrogenated in presence of palladised char- 
coal, as does the des-base-D. The formation of dimethyldesstrychnidine-D is obviously 
due to fission of either N(b)—C(«) or N(b)—C(«’) in (I). The former alternative is pre- 


H,C-CH, CH:CH, 
CH 1 
“N 
CH, ,NMe,}Cl NMe, 
yCH ,CH, 4 Pay 
cifNMe\ A 4 
(I.) Hs P CH, lf CH ci (I1.) 


cf, bc, Nt, vi, 
ferred, since Pee fission of N(b)—C(a«’) would be expected to lead to a base containing 
a double bond in the Py-position (by analogy with the formation of methylchanodihydro- 
neostrychnidine from methyldihydrostrychnidinium-A carbonate) and actually a base 
of such structure was isolated; it is dimethyldesneostrychnidine (see preceding paper) ; 
(ii) stereoisomerism (with dimethyldesneostrychnidine) is. excluded, because dimethyl- 
desstrychnidine-D gives no evidence of the presence of {CMe groups by the Kuhn—Roth 
method, whereas its dihydro-derivative and the methiodide of the tetrahydro-derivative 
yield under these conditions one molecule of acetic acid; (iii) dihydro(dimethyldes- 
strychnidine-D) is not identical with dimethyldesdihydrostrychnidine-D and dimethyl- 
desdihydrobisneostrychnidine (comparison of methiodides) described in the preceding 
paper; (iv) the methiodide of tetrahydro(dimethyldesstrychnidine-D) is not identical 
with the corresponding salt of tetrahydro(dimethyldesbisneostrychnidine) and tetrahydro- 
(dimethyldesneostrychnidine). We conclude that dimethyldesstrychnidine-D possesses a 
different skeleton from that of dimethyldesneostrychnidine, and should be represented 
by the formula (II). 

When dimethyldesstrychnidine-D dimethochloride (or the dimethosulphate) was heated 
with sodium methoxide at 130°, trimethylamine was evolved and three products were 
formed. One of them was identified with dimethyldesstrychnidine-D and the second was 
recognised as desazastrychnidine-b. It had the composition C,,H,,ON, m. p. 109—110°, 
and gave with methyl iodide a methiodide, m. p. 104—105°, identical with desazastrych- 
nidine-b methiodide described in the preceding paper. The third product was desaza- 
strychnidine-a, identified as the methiodide, m. p. 154—155°. 

desazaStrychnidine-b gives with ferric alum solution under standard conditions an 
eosin-red coloration typical of strychnidine, whence, on the hypothesis advanced in the 
preceding paper, it must be supposed that the base does not possess a conjugated double 
bond system. On the other hand, a formula for desazastrychnidine-b must explain in 
a simple manner the formation of this base from dimethyldesstrychnidine-D dimetho- 
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chloride and dimethyldesbisneostrychnidine dimethochloride. Formula (IV) is in con- 


y formity with these requirements [(III) represents dimethyldesbisneostrychnidine]. This 
>. formula implies that formation of desazastrychnidine-b from dimethyldesstrychnidine-D 
)- dimethochloride as well as from dimethyldesbisneostrychnidine i is associated with wander- 
71 ing of a double bond to the meo-position; in the former case it moves from the «$-position 
e 
e - ot. on CH:CH, 
nN “nN 
, ff z “a CH, 
: C C CH; 

\ a \ a N\ A WA 
. (IIT.) bs, fe CH CH, bs, CH,  (IV.) 
| CH, ft, 0-H, Nh, >a, 


and in the latter from the bisneo-position. On this hypothesis the isomerism of desaza- 
strychnidine-a and -b is dependent on the different positions of the ethylenic linkages, the 
skeleton being the same in both substances. However, we have not yet been able to 
establish this experimentally, as the presumably identical hexahydro-derivatives of 
desazastrychnidines-a and -b and their methiodides fail to crystallise and could not, there- 
fore, be compared. The following table illustrates the relations of the chief substances 
described in this and the preceding paper : 


Dihydrostrychnidine-A, C,,H,,ON, 
| 











v Y 
des-Base-D, C,.H,,ON, Methylchanodihydroneostrychnidine, 
| CypH»gONy 
| 
Y % Y Y 
Dimethyldes- Dimethyldes- Dimethyldes- 
chnidine-D, neostrychnidine, —> bisneostrychnidine, 
Hy ON, ; Cy3H ON. CysHoON, 
ne ee eatiaee 
fete, te Ra aera baci 
desazaStrychnidine-a, C,,H,,ON desazaStrychnidine-b, C,,H,,;0N 
N(CHy)s 
EXPERIMENTAL. 


Methylation of the des-Base-D.—A solution of the des-base-D (8 g.) in dry benzene (120 c.c. 
at 40°) was mixed with freshly distilled methyl sulphate (15 c.c.) and refluxed for 20 hours 
on a water-bath. The semicrystalline, yellow product was dissolved in hot water (30 c.c.), 
and the solution rendered alkaline with ammonia (no precipitate), cooled, filtered, and mixed 
with aqueous sodium iodide (10 g. in 15 c.c. of water). The thick yellow oil, which was then 
precipitated and failed to crystallise, was dissolved in methyl alcohol (15 c.c.) and reprecipitated 
by addition of ether (150 c.c.). The semi-solid precipitate was crystallised from methyl alcohol 
and subsequently several times from water, two isomeric dimethiodides being finally obtained, 
the normal dimethiodide (13-2 g.) and the allo-dimethiodide (0-3 g.). 

allo-N(b)-Methyldesdihydrostrychnidine dimethiodide was isolated from the aqueous mother- 
liquor after separation of the normal dimethiodide; it separated from aqueous solution in 
stout yellowish prisms, m. p. 274—275° (Found in material dried at 104°: C, 46-2, 46-8; H, 
5-8, 5-8; I, 40-8, 40-8. C,,H,,ON,I, requires C, 46-4; H, 5-5; I, 40-9%). The related di- 
methochloride formed a mass of colourless needles, freely soluble in water. When it was 
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heated in a test-tube over a free flame, methyl chloride was given off and a product not identical 
with the des-base-D was formed. This product is under examination. 

The dimethiodide of the des-base-D. The normal dimethiodide is sparingly soluble in cold 
water (3 : 100), but dissolves readily on boiling (25 : 100); it is very sparingly soluble in acetone 
and dissolves moderately readily in the simple alcohols. When crystallised from methy] alcohol, 
it becomes reddish, but from aqueous solution it separates in colourless plates, m. p. 214—216° 
(Found in a specimen dried at 104°: C, 46-3, 46-5; H, 5-8, 5-7; I, 40-8. C,,H,,ON,I, requires 
C, 46-4; H, 5-5; I, 40-9%). 

The corresponding dimethochloride, prepared by means of silver chloride, is freely soluble 
in water, readily soluble in methyl alcohol, and very sparingly in acetone. Crystallised from 
a mixture of equal volumes of methyl and ethyl alcohol, it separates in minute colourless needles, 
m. p. 292—294°. 

The Action of Methyl-alcoholic Sodium Methoxide on the Dimethochloride of the des-Base-D. 
Formation of a New N(b)N(b)-Dimethyldesstrychnidine.—The dimethochloride of the des-base-D 
(5 g., previously dried at 104°) was mixed with a methyl-alcoholic solution of sodium methoxide 
(20 c.c. of 25%) and heated in an open flask, first on a rapidly boiling water-bath and sub- 
sequently on a sand-bath until the temperature was 115°. The cooled mixture, on dilution 
with ice-water, gave a grey caseous precipitate, which was washed with water, dried, and 
thrice crystallised from methyl alcohol. This furnished dimethyldesstrychnidine-D (2-6 g.) ; 
the methyl-alcoholic mother-liquor was examined separately. 

N(b)N(b)-Dimethyldesstrychnidine-D forms colourless plates (Fig. 1), m. p. 156—157° 
(Found : C, 79-1, 79-0; H, 8-7, 8-7; N, 8-2; Meas NMe, 9-2, 9-0; Meas CMe, 1:2. C,,;H;,ON, 
requires C, 78-9; H, 8-6; N, 8-0; 2Me as NMe, 8-6; Me as CMe, 4:3%). It is moderately 
readily soluble in the simple alcohols, sparingly soluble in petroleum, but dissolves readily in 
chloroform or benzene. A solution of the base (10 mg.) in 0-1% hydrochloric acid (5 c.c.) 
gives, on addition of 0-25% ferric alum solution (5 c.c.), a pink coloration, changing slowly to 
eosin-red. 

The methiodide. Dimethyldesstrychnidine-D reacts with methyl iodide at room temper- 
ature, forming the methiodide, m. p. 244—246° (Found in a specimen dried at 104°: C, 58-5; 
H, 6-9. C,,H;,ON,I requires C, 58-5; H, 6-7%). 

Catalytic Hydrogenation of N(b)N(b)-Dimethyldesstrychnidine-D in Acid Solution in the 
Presence of Palladised Charcoal. Formation of a Dihydro-derivative and a Tetrahydro-derivative. 
—The hydrogenation of dimethyldesstrychnidine-D was carried out at room temperature and 
at 60°, and two different hydrogenation products were obtained. 

(i) Dimethyldesstrychnidine-D (5 g.) was dissolved in 50% acetic acid (25 c.c.) and hydro- 
genated at 18—19° in the presence of palladised charcoal (0-1 g. of palladous chloride, 1 g. of 
charcoal previously heated to redness, and 30 c.c. of water). Absorption of the gas ceased 
after 180 minutes, 355 c.c. (at N.T.P.) having been absorbed (calc. for 2H, 320 c.c.). The 
dihydro-base was precipitated from the filtered liquid by means of ammonia and dried 
in a vacuum (5 g.). Dihydrodimethyldesstrychnidine-D crystallises from methyl alcohol in 
small colourless plates, m. p. 126—127° (Found: C, 78-3, 78-0; H, 9-5, 9-4; Me as CMe, 5-2, 
4:8. (C,,H,,ON, requires C, 78-4; H, 9:2; Meas CMe, 43%). It is moderately readily soluble 
in methyl alcohol or acetone, sparingly soluble in petroleum, and dissolves readily in chloroform 
or benzene. It readily combines with methyl iodide, yielding a methiodide; this derivative 
is sparingly soluble in methyl alcohol and separates therefrom in colourless needles, m. p. 
244—-246° (Found in a specimen dried at 104°: C, 58-2; H, 7-6; I, 25-7. C,,H,,ON,I requires 
C, 58:3; H, 7:2; I, 25-7%). 

(ii) A solution of dimethyldesstrychnidine-D (2 g.) in 50% acetic acid (10 c.c.) was hydro- 
genated at 60° in the presence of palladised charcoal, recovered from the previous experiment. 
After 4 hours the volume of hydrogen absorbed was 287 c.c. (at N.T.P.; calc. for 4H, 256 c.c.) 
and absorption ceased. The product, isolated as in the preceding case, was very readily soluble 
in the usual organic solvents and, as yet, has not been prepared in a crystalline state. When 
it was treated with methyl iodide at room temperature, a methiodide was formed; this salt, 
recrystallised from methyl alcohol, formed colourless needles, m. p. 278—280° (Found in 
material dried at 104°: C, 58-3; H, 7-8; I, 25-3; Me as CMe, 2-9, 2-8. C,,H,,ON,I requires 
C, 58-0; H, 7-5; I, 25-6; Me as CMe, 3-0%). 

Examination of the Methyl-alcoholic Mother-liquor remaining after Separation of Dimethyl- 
desstrychnidine.—This was evaporated to dryness in a vacuum, and the glassy residue was 
resolved into the des-base-D and dimethyldesneostrychnidine by fractional crystallisation 
first from light petroleum and subsequently from ethyl alcohol and acetone. This very 
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laborious process gave about 0-2 g. of the des-base-D, 0-8 g. of dimethyldesneostrychnidine, 
and other crystalline products which are under examination. The des-base-D was identified 
by m. p. and by mixed m. p. (194—195° in both cases). The identity of dimethyldesneostrych- 
nidine was established by m. p., by mixed m. p. (73—74° in both cases), by comparison of the 
microphotographs, and by conversion into dimethyldesbisneostrychnidine, m. p. 113—114°, 
by the method described in the preceding paper. 

Catalytic Hydrogenation of Dimethyldesneostrychnidine.—The base (1 g.) was dissolved in 
35% acetic acid (5 c.c.) and hydrogenated at room temperature in presence of palladised char- 
coal (40 mg. of palladous chloride, 0-4 g. of charcoal, previously heated to redness, and 30 c.c. 
of water). Absorption of the gas ceased after 55 minutes, 146 c.c. (at N.T.P.) having been 
taken up (calc. for 4H, 128 c.c.). The reduction product was isolated, as described in similar 
cases, and, despite numerous efforts, could not be prepared in a crystalline state. When it 
was treated with methyl iodide, a methiodide, m. p. 263—264° (after recrystallisation from 
water), was obtained and identified with the methiodide of tetrahydro(dimethyldesbisneo- 
strychnidine), described in the preceding paper. The.identity was proved by mixed m. p. (no 
depression) and by analysis (Found in a pete dried at 104°: C, 58-1; H, 7-8. Calc. for 
C,,4H;,ON,I: C, 58-0; H, 7-5%). 

Dimethyldesstrychnidine-D Dimetho-salts.—The dimethiodide. Dimethyldesstrychnidine-D 
(10 g.) was dissolved in benzene (140 c.c. at 40°), mixed with methy] sulphate (25 c.c.), and re- 
fluxed for 20 hours on a water-bath. The brown gummy product was dissolved in water (50 
c.c.), and the solution basified with ammonia (no precipitate), filtered, and mixed with aqueous 
sodium iodide (15 g. in 20 c.c. of water). The yellow oily precipitate which was formed crystal- 
lised after 12 hours; the crystals were washed with water and thrice recrystallised from 
this solvent. The dimethiodide (15 g.) formed minute colourless needles, m. p. 219—221° 
(Found in material dried at 90°: C, 47-1, 47-2; H, 6-0, 5-9; I, 39-7. C,;H,gON,I, requires 
C, 47-3; H, 5-7; I, 400%). It is moderately readily soluble in water and dissolves sparingly 
in methyl alcohol and acetone. When it is dried at 100° or crystallised from methyl alcohol, 
it undergoes some decomposition; it becomes red and gives bad analytical figures. 

The dimethochloride, prepared by the usual method, separates from a concentrated aqueous 
solution as a mass of colourless needles, m. p. 212—-213° after being dried at 104°. 

The Action of Sodium Methoxide on N(b)N(b)-Dimethyldesstrychnidine-D Dimethochloride. 
Elimination of Trimethylamine and Formation of desazaStrychnidines-a and -b.—Dimethyl- 
desstrychnidine-D dimethochloride (5-3 g., previously dried in a vacuum), dissolved in methyl 
alcohol (15 c.c.), was mixed with a methyl-alcoholic solution of sodium methoxide (35 c.c. of 
25%) and heated on a sand-bath in a flask connected with a condenser. The distillate was 
collected in 5% hydrochloric acid and the heating was discontinued when the temperature 
of the melt reached 150°. Evolution of trimethylamine (yield, calc. as hydrochloride, 0-5 g.) 
began at 105—110° and the gas was identified by conversion into the hydrochloride, m. p. 
272—-274°, and the platinichloride, m. p. 240—242°. In the early experiments the decom- 
position product, after being cooled, washed with water, and dried in a vacuum, was resolved into 
its components (dimethyldesstrychnidine-D, 1-7 g.; desazastrychnidine-a, 0-4 g.; and desaza- 
strychnidine-b, 1-1 g.) by extremely tedious crystallisations first from light petroleum and 
subsequently from methyl alcohol. Later a more convenient, quick method of separation was 
devised, based on the property of desazastrychnidine-a and -b salts to undergo hydrolysis on 
dilution with water: The decomposition product was cooled, thoroughly washed with water, 
and dissolved in the minimum quantity of 25% hydrochloric acid; the acid solution was 
diluted with water (10 vols.), and the milky mixture exhaustively extracted with benzene (A). 
The aqueous layer was basified with ammonia and then extracted with benzene (B). The 
extract (A) was washed with sodium carbonate solution, dried, filtered, and evaporated to dry- 
ness inavacuum. The residue was repeatedly crystallised from ethyl alcohol. This operation 
gave desazastrychnidine-b in crystalline form and desazastrychnidine-a as an amorphous semi- 
solid (in the mother-liquor). The extract (B) was worked up similarly and dimethyldesstrychni- 
dine-D, which remained after evaporation of the solvent, was crystallised from methyl alcohol. 
Dimethyldesstrychnidine was identified by m. p. and by mixed m. p. (156—157° in both cases). 

Identification of desazastrychnidine-a. The first evidence as to the identity of desaza- 
strychnidine-a was obtained by testing the colour reaction. The oily product isolated from 
the mother-liquor from desazastrychnidine-b gave with dilute hydrochloric acid and ferric 
alum solution (or more quickly with ferric chloride) a reddish-purple coloration. Further 
evidence was obtained on examining the action of methyl iodide. The product (0-5 g.) was 
boiled for 4 hours with an excess of methyl iodide. The methiodide which was formed crystal- 
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lised when rubbed with acetone and after being recrystallised from this solvent had m. p 
154—155°, not depressed by desazastrychnidine-a methiodide described in Part XXXVIII. 

desazaSirychnidine-b. ‘This substance forms colourless elongated plates (Fig. 2), m. p. 
109—110° (Found : C, 82-4, 82-5; H, 7-8, 7-7; N, 48,48; OMe and Meas NMe, 0. C,,H,,ON 
requires C, 82-6; H, 7-5; N, 46%). desazaStrychnidine-b is very sparingly soluble in light 
petroleum, moderately readily soluble in the simple alcohols, and dissolves readily in chloroform 
or benzene. It is sparingly soluble in dilute acids (for example, in 30% acetic acid or 10% 
hydrochloric acid) and is precipitated in the free state from solutions in more concentrated 
acids on dilution with water. A solution of the base in 5% hydrochloric acid, on addition of 
ferric alum or ferric chloride solution, becomes pink and then eosin-red. When the base 
was hydrogenated in presence of platinum-black, three molecules of hydrogen were taken up, 
but the reduction product could not be prepared in a crystalline state. 

The methiodide. desazaStrychnidine-b was recovered unchanged (95%) after being refluxed 
with methyl] iodide for 12 hours on a steam-bath. Methylation took place when the reaction 
was carried out at 105° in a sealed tube (8 hours). The methiodide (yield, 60%) crystallised 
from water in minute, slightly yellow needles, m. p. 105—106° (Found in a specimen dried in 
a high vacuum at room temperature: C, 59-3, 59-4; H, 6-0, 6-1; N, 3-3, 3-4. C,,H,,ONI 
requires C, 59-1; H, 5-8; N, 3-1%). A mixture of equal quantities of this methiodide and 
desazastrychnidine-b methiodide, described in the preceding paper, had m. p. 104—106°. 

Ervata.—In Part XXVI (J., 1934, 586) two isomeric oxidation products of the des-base-D 
were described. Now we find that a miscalculation of the analytical figures occurred and 
that these substances possess different compositions. One of them, namely, oxyanhydromethyl- 
strychnidinium-D hydroxide, m. p. 162° (now raised to 164—165°), has probably the compo- 
sition C,,H,,ON, and not C,,H,,0,N, as previously given (Found now: C, 77-9, 78-1; H, 
7-3, 7-7; N, 8-7, 8-7; previous analysis after correction : C, 78-2; H, 7-9. C,,H,,ON, requires 
C, 78-2; H, 8:1%). The composition of the product suggests that it might be a nor-base 
formed by oxidation, C,,H,,ON(a)N(b)Me —~> C,,H,,ON(a)N(b)H, and that the other oxid- 
ation product is an amine oxide, C,,H,,ON(a)N(b)O. However, this hypothesis has not yet been 
verified experimentally, although we have established that both products yield well-crystallising 
methiodides, do not contain active hydrogen (Zerewitinoff), and are indifferent towards reagents 
for the carbonyl group. 
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282. Strychnine and Brucine. Part XL. A Note on the Hofmann 
Degradation of Dimethyldesbrucidine. 
By O. AcHMaATowicz and C. DyBowskI. 


The known dimethyldesbrucidine has been submitted to another stage of exhaustive 
methylation with the production of desazabrucidine and trimethylamine. Like the 
desazastrychnidines, this feeble base contains three double bonds. 


In Part XXXV (Achmatowicz, Lewi, and Robinson, J., 1935, 1685) it was shown that 
methyldesdihydrobrucidine-a gives with methyl iodide two isomeric dimethiodides, the 
normal dimethiodide and the allo-dimethiodide. The latter was considered a structural 
isomeride, and it was shown that the corresponding dimethochloride, treated with 
sodium methoxide, suffers a Hofmann elimination, yielding a new des-base which was 
termed dimethyldesbrucidine. We have now found that this base contains two double 
bonds; when it is hydrogenated in dilute acetic acid solution in presence of palladised 
charcoal, four atoms of hydrogen are taken up and the #etrahydro-derivative, m. p. 135— 
136°, is formed. This experiment definitely proves that dimethyldesbrucidine is a normal 
product of the second stage of Hofmann degradation. 

Dimethyldesbrucidine, on prolonged heating with methyl sulphate, gives a dimetho- 
sulphate (semicrystalline), as proved by conversion into the corresponding dimethiodide, 
m. p. 251—253°. The related dimethochloride was submitted to Hofmann elimination 
and two degradation products were obtained together with trimethylamine. These were 
(a) a base, C.,H,,0,N,, m. p. 155—156°, identified with dimethyldesbrucidine, and (b) 
a base, Cy3H,,O,N, m. p. 133—134°, termed desazabrucidine. 
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desazaBrucidine is a very feeble base; it contains three unsaturated linkages and 
exhibits brucidine-type colour reactions. It is very unlikely that it is an analogue of 
desazastrychnidine-a or -b, since, as stated above, it is derived from the allo-dimethiodide. 
It might possess a different arrangement of the ethylenic linkages or even a different 
skeleton and it is obvious that speculation as to its structure is useless at this stage. 


EXPERIMENTAL. 

Catalytic Hydrogenation of N(b)N(b)-Dimethyldesbrucidine. Formation of Tetrahydro- 
N(b)N(b)-dimethyldesbrucidine.—Dimethyldesbrucidine (0-5g.) was dissolved in 50% acetic 
acid (5 c.c.) and hydrogenated at 17° in presence of palladised charcoal (0-1 g. of palladous 
chloride, 1 g. of charcoal, previously heated to redness, and 30 c.c. of water). Absorption 
ceased after 50 minutes, 59 c.c. (at N.T.P.) having been taken up (calc. for 4H, 54 c.c.). The 
filtered solution was basified with ammonia and the grey caseous precipitate was washed with 
water, dried in a vacuum, and twice crystallised from methyl alcohol. Tetrahydrodimethyldes- 
brucidine (0-5 g.) formed colourless silky needles, m. p. 135—136° (Found in material dried at 
100°: C, 72-9, 72:7; H, 9-4, 9-5. C,;H3s,0,N, requires C, 72-7; H, 9-2%), moderately readily 
soluble in methyl alcohol or acetone and readily in chloroform or benzene. 

The methiodide was formed when a suspension of the base was warmed for a few minutes 
with methyl iodide; recrystallised from methyl alcohol, it formed colourless leaflets, m. p. 
282—-284°, becoming reddish on standing in the air (Found in a specimen dried at 104°: C, 
56-3, 56-4; H, 7-5, 7-6. C,,H,,O,N,I requires C, 56-1; H, 7-2%). It is moderately soluble in 
methyl alcohol and readily soluble in water. 

N(b)N(b)-Dimethyldesbrucidine Dimethiodide—A solution of dimethyldesbrucidine (7 g.) 
in dry benzene (80 c.c. at 40°) was refluxed with methyl sulphate (7 c.c.) for 12 hours on a water- 
bath. The semicrystalline brown product was dissolved in water (20 c.c.), and the solution 
basified with ammonia (no precipitate), filtered, and mixed with aqueous sodium iodide (10 g. 
in 15 c.c. of water). The yellow oily precipitate which was then formed crystallised after 12 
hours; the solid was collected, washed with water, and twice recrystallised from this solvent. 
The dimethiodide (10-3 g.) formed minute colourless plates, m. p. 251—253°, containing 2H,O 
which are lost at 104° (Found in air-dried material: loss at 104°, 5-4, 5:2. C,,H,,O,N,I,,2H,O 
requires 2H,O, 5-1%. Found in material dried at 104°: C, 48-6, 48-5; H, 6-3, 6-2; I, 37-9. 
CyeH4oO3N,I, requires C, 48-8; H, 6-0; I, 38-3%). The derivative is sparingly soluble in cold 
water or methyl alcohol, but dissolves readily on boiling. 

The dimethochloride, prepared by means of silver chloride, separated from a concentrated 
aqueous solution as a mass of colourless needles, m. p. 214—215° after drying at 104°. 

The Action of Sodium Methoxide on N(b)N(b)-Dimethyldesbrucidine Dimethochloride, 
Elimination of Trimethylamine and Formation of desazaBrucidine.—The dimethochloride (5 g., 
previously dried at 104° in a vacuum) was dissolved in methyl alcohol (10 c.c.), mixed with 
methyl-alcoholic sodium methoxide (25 c.c. of 25%), and heated on a sand-bath in a flask fitted 
with a condenser; the distillate was collected in 5% hydrochloric acid. Evolution of tri- 
methylamine began at about 110° (trimethylamine was identified by conversion into the 
hydrochloride, m. p. 271—273°, and the platinichloride, m. p. 240—242°), and when the 
temperature of the melt reached 145°, the heating was discontinued. The yellow oily product 
was allowed to cool, washed with water, dried in a vacuum (3-6 g.), and crystallised from acetone. 
The first crop consisted of dimethyldesbrucidine (total yield, 2-1 g.), which, after being recrystal- 
lised from methyl alcohol, was identified by m. p. and by mixed m. p. (154—156° in both cases). 
The acetone mother-liquor was evaporated to dryness in a vacuum and the residue (1-2 g.) was 
repeatedly crystallised from light petroleum (b. p. 40—45°) -ethyl acetate. This crystallisation 
furnished a little dimethyldesbrucidine and mainly desazabrucidine, which formed slightly 
yellow, prismatic plates, m. p. 133—134° (Found: C, 75-5, 75:7; H, 7-5, 7-5; N, 4-0, 4-1; 
OMe, 17-2, 17-3; Me as NMe, 0. C,,;H,,O,N requires C, 75-6; H, 7-3; N, 3-8; 20Me, 17-0%). 
It is very readily soluble in the simple alcohols, acetone, chloroform or benzene, moderately 
soluble in light petroleum, and sparingly in ethyl acetate. desazaBrucidine is sparingly soluble 
in dilute acids, and solutions in more concentrated acids are hydrolysed on dilution with water. 
A solution of the base in dilute hydrochloric acid gives a faint green coloration on addition of a 
few drops of ferric chloride solution. When desazabrucidine was hydrogenated in presence of 
platinum-black at room temperature, three molecules of hydrogen were taken up; the 
hexahydro-derivative has not yet been prepared in a crystalline state. 
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283. Compounds of Naphthalenesulphinic Acids with their Sodium 
and Potassium Salts. 


By MIcHAEL P. BALFE and (MRs.) WINIFRED G. WRIGHT. 


The isolation of substances containing naphthalenesulphinic acids and their 
sodium or potassium salts in equimolecular proportion is described, and the evidence 
that these are compounds of the two components is outlined. 


On addition of dilute hydrochloric acid to the aqueous solution obtained by the reduction 
of naphthalene-f-sulphonyl chloride with sodium sulphite, a precipitate is immediately 
formed, which contains naphthalene-f-sulphinic acid and its sodium salt in equimolecular 
proportion. After recrystallisation of the substance from ethyl alcohol, the ratio of these 
two components is unchanged. Addition of acid to the solution obtained by the similar - 
reduction of naphthalene-a«-sulphonyl chloride precipitates naphthalene-«-sulphinic acid. 
A substance containing this acid and its sodium salt in equimolecular proportion is, how- 
ever, immediately precipitated when dilute hydrochloric acid is added to an aqueous solu- 
tion of the acid saturated with sodium sulphite. Recrystallisation from alcohol does 
not affect the ratio of acid to salt, but the product contains alcohol, in place of water, 
of crystallisation. 

On addition of alcoholic potassium hydroxide to an alcoholic solution of naphthalene- 
8-sulphinic acid, a substance which contains the acid and its potassium salt in equimole- 
cular proportion is immediately precipitated, and recrystallisation from ethyl alcohol 
does not alter the composition. From a cooled alcoholic solution of naphthalene-«- 
sulphinic acid half-neutralised with potassium hydroxide, a substance separates which con- 
tains the acid and its potassium salt in equimolecular proportion, together with alcohol 
of crystallisation ; it is unchanged in composition after recrystallisation from ethyl alcohol 
or chloroform. 

The following evidence suggests that these substances are compounds, rather than mix- 
tures, of the acid and the salt: (1) After recrystallisation from solvents in which either 
the acid or the salt is insoluble, the ratio of these two components is unchanged. (2) 
The a- and the $-acid melt with decomposition, and immediate blackening, at 96° and 
98° respectively. The sodium ahd potassium complex salts of the a-acid melt at 48° 
and 38°, respectively, to colourless fluids which at 105° are converted into white solids 
and become only slightly discoloured at 160°. The corresponding complexes with the 
8-acid are infusible solids which only become yellow above 160°. When these four sub- 
stances are contaminated with a trace of free acid, they become blackened at 100°. (3) 
The sulphinic acids decompose on storage, dinaphthyl disulphoxide being formed after a 
few weeks, and profound decomposition occurring after several months. The present 
substances, on the other hand, remain unchanged in m. p. and solubility after 18 months. 
(4) The smooth thermal decomposition of the compound of naphthalene-«-sulphinic acid 
and its potassium salt, liberating naphthalene and sulphur dioxide, is not characteristic 
either of the acid or of the salt. 

The occurrence of “‘ acid salts ”” of monobasic carboxylic acids is well established (see, 
e.g., Ross, Harrison, and Johnstone, this vol., p. 264; Ekwall, Kolloid Z., 1937, 80, 77). 
Their formation also from sulphinic acids is presumably related to the structural similarity 
between the sulphinyl and the carboxyl group. 

Acid potassium salts of monobasic carboxylic acids, like those of the naphthalene- 
sulphinic acids, can be isolated from half-neutralised alcoholic solutions of the acids, and 
their preparation from benzoic and salicylic acids is described. 


EXPERIMENTAL. 


Naphthalene-«- and -$-sulphinic acids were prepared by reduction of the sulphony] chlorides 
by aqueous sodium sulphite, stored in the form of their iron salts (Thomas, J., 1909, 95, 344), 
and converted into the ammonium salts and precipitated with dilute hydrochloric acid when 
required. The a-acid had m. p. 96°, and after recrystallisation from aqueous alcohol, m. p. 
87° (Found, after recrystallisation: S, 15-2. Calc. for C,H,O,S,H,O: S, 15-2%). The 
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m. p. of this acid has been given as 98° by Thomas (loc. cit.) and as 85° by Knoevenagel and 
Kenner (Ber., 1908, 41, 3319). The @-acid had m. p. 98°; Otto, Réssing, and Troger (J. pr. 
Chem., 1893, 47, 95) give 105°, which is the m. p. of di-f$-naphthyl disulphoxide (Found : 
C, 68:1; H, 4-1. Calc. for C,H,,0,S,: C, 68-5; H, 4:0%) obtained by decomposition of the 
acid on storage, or by thermal decomposition of the acid or its methylester. The acid chlorides, 
prepared from the acids by thionyl chloride, were converted into the methyl esters. Methyl 
naphthalene-«-sulphinate, described as an oil by Otto and Réssing (ibid., p. 163), crystallised 
on cooling at 0°; m. p. 44°. The B-ester crystallised spontaneously, m. p. 42° (Otto and 
Réssing, Joc. cit., give m. p. 44°). A mixture of the a- and the f-ester softened at room 
temperature and liquefied at 32°. 

“Acid Salts”’ of Naphthalene-a-sulphinic Acid.—(i) The acid sodium salt (3 g.) was pre- 
cipitated from a solution of naphthalene-a-sulphinic acid (5 g.) and sodium sulphite crystals 
(15 g.) in water (50 c.c.) by addition of 5N-hydrochloric acid (25 c.c.). Further addition of 
acid precipitated the sulphinic acid. The precipitated acid salt had m. p. 75°, effervescing 
and solidifying at 100° (Found: equiv., 442. C,9H,O,S,C,,H,O,SNa,2H,O requires equiv., 
442). After recrystallisation from alcohol, it had m. p. 48°, effervescing and solidifying at 100° 
(Found : Na, 4-9; loss on heating to constant weight at 95°, 10-3. Cy 9H,O0,S,C,,>H,O,SNa,C,H,O 
requires Na, 5-1; loss, 10-2%). 

(ii) The acid potassium salt (5 g.) crystallised from a solution of naphthalene-«-sulphinic 
acid (5 g.; 1 mol.) in 0-5n-alcoholic potassium hydroxide (26-5 c.c.; 0-5 mol.) on cooling to 0°. 
After recrystallisation from chloroform, cooled to 0°, it had m. p. 38°, effervescing and solidifying 
at 105° (Found, for 4 separate preparations: C, 55-3, 55-4, 55-3, 55-4; H, 5-0, 4-8, 4-9, 4:9; 
S, 12-2; K, 7-6, 7-6; equiv., 528. C,)H,O,S,C,,H,O,SK,2C,H,O requires C, 56-0; H, 5-2; 
S, 12-5; K, 7:5%; equiv., 514). The substance was soluble in chloroform, benzene, acetone, 
toluene, and chlorobenzene, decomposing in the last four solvents with deposition of the normal 
salt. When heated to constant weight at 93°, it lost 10-2% (Calc. for loss of LEtOH: 9-8%) ; 
the residue contained K, 8-5% (C,H,O,S,C,,H,0O,SK,C,H,O requires K, 83%). When 
heated above 100°, the substance lost weight progressively, with liberation of naphthalene 
(m. p. and mixed m. p. 80°) and sulphur dioxide. 

“ Acid Salts”’ of Naphthalene-B-sulphinic Acid.—(i) Acid sodium salt. Addition of excess 
of hydrochloric acid (5N) to the aqueous solution (500 c.c.) of sodium naphthalene-$-sulphinate, 
obtained by the reduction of naphthalene-B-sulphony] chloride (50 g.) with sodium sulphite (100 
g.), precipitated the acid sodium salt (40 g.). This was soluble in aqueous acetone and in boiling 
ethyl alcohol, sparingly soluble in cold alcohol. After recrystallisation from 90% ethyl alcohol, 
it was obtained as colourless needle-shaped crystals, unchanged by heating to 140°, but be- 
coming slightly yellow at 150°, and charring on stronger heating (Found: Na, 5-8; equiv., 412. 
C,9H,0,S,C,,H,O,SNa requires Na, 5°7%; equiv., 406). The substance was decomposed by 
water, with precipitation of the acid. On addition of a few drops of acetone to the turbid 
solution, the acid was redissolved and the acid salt crystallised out (Found: Na, 5-4%). 

(ii) The acid potassium salt (3 g.) crystallised from a solution of naphthalene-f-sulphinic 
acid (3 g.; 1 mol.) in 0-5n-alcoholic potassium hydroxide (15-9 c.c.; 0-5 mol.) (Found: 
equiv., 433. C,)H,O,S,C,,H,O,SK requires equiv., 422); it crystallised from ethyl alcohol 
in colourless plates, which were infusible and did not lose weight when heated for 2} hrs. at 
150°. Above that temperature the substance became yellow, and charred on stronger heating 
(Found: C, 56-2; H, 3-5; K, 93; equiv., 422. C, 9H,O,S,C,.H,O,SK requires C, 56-9; 
H, 3-5; K, 93%). It was soluble in hot water, recrystallising unchanged (Found: K, 9-1%). 

Acid Potassium Salt of Benzoic Acid.—On addition of 0-5n-alcoholic potassium hydroxide 
(16-5 c.c.; 0-5 mol.) to benzoic acid (2 g.; 1 mol.) in ethyl alcohol (25 c.c.) and recrystallisation 
of the precipitate from ethyl alcuhol, the acid salt separated as the first crop (1-5 g.) (Found : 
K, 13-9; equiv., 283. C,H,0,,C;,H,O,K requires K, 13:9%; equiv., 282). 

Acid Potassium Salt of Salicylic Acid.—This salt (2-5 g.) was deposited when an alcoholic 
solution of salicylic acid (3 g.) half-neutralised with potassium hydroxide (as above) was con- 
centrated at room temperature. After recrystallisation from alcohol, it had m. p. 260° (decomp.) 
(Found: K, 12-4. C,H,O,,C,H,0,K requires K, 12-4%). 


Thanks are due to the Government Grants Committee of the Royal Society and to Imperial 
Chemical Industries Limited for grants, and to Dr. J. Kenyon, F.R.S., for his interest in this 
work. 
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284. The Constitution of Yeast Nucleic Acid. 


By J. Masson GULLAND and ELISABETH M. JACKSON. 


A study of the dephosphorylating action of specific phosphatases on yeast nucleic 
acid shows that all four phosphoryl groups are doubly linked, thus confirming the 
conclusion of Takahashi. The degree of dephosphorylation by various mixtures of 
phosphomonoesterases with phosphodiesterases is 75%, suggesting that one phosphoryl 
group may be constituted differently from the others. The joint action of phosphodiest- 
erase and 5-nucleotidase liberates 35% of the total phosphorus as phosphate, suggesting 
that 2 or more phosphoryl groups may be attached at C, of the ribose radicals in 
view of the high specificity of 5-nucleotidase for adenosine(inosine)-5-phosphate. 


It is generally accepted that the four nucleotides, guanylic (I), adenylic (II), cytidylic 
(III), and uridylic (IV) acids, into which yeast nucleic acid is quantitatively decomposed 
by alkaline fission, are united by the elimination of the elements of water, and that some, 
or all, of the phosphoric acid groups are involved in these unions. Nevertheless, the exact 
manner in which these nucleotides are mutually combined is still unsettled, and the work 
now described was instituted to throw light on this question. 
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Takahasi (J. Biochem. Japan, 1932, 16, 463) attacked the problem by a study of the 
actions of the following specific enzymes on yeast nucleic acid: phosphomonoesterases 
of liver and intestine (Kurata, ibid., 1931, 14, 25; Takahashi, «dcd., 1932, 16, 447), which 
liberate phosphoric acid from phosphomonoesters; diphenylpyrophosphatase, or pyro- 
phosphatase of kidney in presence of a diesterpyrophosphatase activator (Kurata, Joc. cit. ; 
Takahashi, Joc. cit.), which converts pyrophosphoric esters into two molecules of phos- 
phomonoester but liberates no phosphoric acid; phosphodiesterase of the venom of the 
Habu, Trimeresurus flavoviridis (Uzawa, ibid., 1932, 15, 19), which transforms phos- 
phodiesters into one molecule each of phosphomonoester and alcohol (phenol) but liberates 
no phosphoric acid. The first two enzymes had been freed from each other and from 
diesterase by adsorptive methods, whilst the last occurred in the snake venom uncon- 
taminated by the others. 

Takahashi observed that phosphoric acid was not set free from yeast nucleic acid by 
phosphomonoesterase or by pyrophosphatase, acting either alone or together, in presence 
of the diester-pyrophosphatase activator, but that it was liberated to the extent of 100% 
by the joint action of phosphomonoesterase and phosphodiesterase. He therefore con- 
cluded that various previously proposed formule were unsatisfactory, notably those of 
Feulgen (Z. physiol. Chem., 1918, 101, 288) and of Levene and Simms (J. Biol. Chem., 
1926, 70, 327), since by reason of their phosphomonoester or pyrophosphoric ester groups 
they would have yielded phosphoric acid under enzymic conditions in which experiment 
showed that none was liberated. Further, because a mixture of monoesterase and diester- 
ase set free all the phosphoric acid in the inorganic state, Takahasi suggested that yeast 
nucleic acid contains neither phosphomonoester nor pyrophosphoric ester groups and that 
each phosphoryl group is present as a diester of two nucleosides (dephosphorylated nu- 
cleotides). He proposed the structure (V) for yeast nucleic acid, in which the relative 
positions of the nucleosides were arbitrarily chosen. 
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Makino (Z. physiol. Chem., 1935, 236, 201) supported this view by finding only four 
acidic groups in the yeast nucleic acid molecule when titrated to phenolphthalein, at the 
py of which both primary and secondary dissociating groups of phosphoric acid are neutral- 
ised. Baker, Gulland, and Prideaux (unpublished observation) confirmed this con- 
clusion by estimating only four primary dissociations in electrometric titrations of yeast 
nucleic acid. . Klein and Rossi (ibid., 1935, 231, 104), on the other hand, decided that 
the cyclic structure of Takahashi had no experimental foundation. They were unable to 
separate the phosphomonoesterase and phosphodiesterase of kidney, liver, and intestine 
by the methods used by Takahashi, and they found that a specimen of Habu venom con- 
tained both mono- and di-esterases, not diesterase only as stated by Uzawa and by 
Takahashi. 
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These conflicting results called for further investigation, and the continued study of the 
problem of the constitution of yeast nucleic acid by enzymic methods seemed: to be desir- 
able, because at the time this work was begun, owing to the sensitivity of the molecule to 
chemical reagents, the attack by the more usual procedures during many years had failed 
to yield any derivatives composed of two nucleotides, or parts thereof, from which deduc- 
tions might be drawn as to the mode of union. Since then, however, Bredereck and Richter 
(Ber., 1936, 69, 1129) have reported the isolation of guanine uridylic acid (VI) from the 
products of aqueous hydrolysis. 

The enzyme preparations used in the present investigation have been described by 
Gulland and Jackson (Biochem. J., 1938, 32, 590, 597). Phosphomonoesterase was ob- 
tained from sheep and guinea-pig bones and was freed from the accompanying phospho- 
diesterase by charcoal adsorption ; it is non-specific in its hydrolysis of phosphomonoesters, 
and liberates all the phosphoric acid from the nucleotides (I—IV) and (VII) as inorganic 
phosphate. Phosphodiesterase could not be recovered from the adsorption just referred 
to, but it was found to be present in the venom of each of twelve different snakes of the 
viperid@, crotalidea, and colubride; six contained both non-specific phosphomonoesterase 
and phosphodiesterase, whilst six contained phosphodiesterase but no non-specific mono- 
esterase. Phosphodiesterase did not attack the nucleotides (I—IV). Four venoms from 
the second group not only exhibited diesterase activity but also contained the highly 
specific phosphomonoesterase 5-nucleotidase, an enzyme which rapidly dephosphorylates 
adenosine-5-phosphate (VII) and inosine-5-phosphate, but has no action on 15 other 
phosphomonoesters, including the nucleotides (I—IV) prepared from yeast nucleic acid. 
The venoms of Russell’s viper, Vipera russellit, and the water moccasin, Agkistrodon pisct- 
vorus, which fall in this group, have been used in the investigation. One venom, that 
of the copperhead, Agkistrodon mokasin, contained diesterase, but not non-specific mono- 
esterase. It is presumed not to have contained 5-nucleotidase owing to its different enzymic 
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behaviour when compared with the venoms of Russell’s viper and the water moccasin, but 
this point has not been tested specifically because of the small amount of venom available 
and the early stage in the investigation when it was used. Two venoms, those of Naja 
naja and Wagler’s pit viper, Trimeresurus wagleri, were included in the investigation be- 
cause they contained both non-specific phosphomonoesterase and phosphodiesterase. 

The procedure adopted throughout was to estimate at suitable intervals the inorganic 
phosphate liberated in a mixture of yeast nucleic acid and enzyme buffered at an appro- 
priate fg and maintained at a definite temperature, and so to calculate the percentages of 
total phosphorus liberated as inorganic phosphate. It will be seen later that the con- 
clusions drawn from these experiments rest on the observations that cessation of dephos- 
phorylation occurred at various percentage levels which are less than 100%, and it there- 
fore became imperative to demonstrate that such percentages represent true end-points 
and are not merely the results of unfavourable experimental conditions. This need 
has been met in every direction. First, in a large number of representative cases the addi- 
tion of further quantities of enzyme after dephosphorylation had ceased resulted in no 
further liberation of phosphate, whereas the addition of more yeast nucleic acid was im- 

mediately followed by a rise in the 
100 amount of inorganic phosphate, thus 
proving that dephosphorylation had 
really ceased and that the enzymes were 
still active and could still dephosphoryl- 
ate the substrate, provided this contained 
labile groups (see figure). Secondly, 
cessation of dephosphorylation was not 
due to inhibition of the enzyme by the 
buffer substance, since the results were 
not affected by changing from borate to 
glycine or veronal buffers. Thirdly, 
changes in temperature between 37° and 
Tine, heure room temperature did not alter the per- 
= more substrate. centage values. Finally, similar results 
peneesiaies = more enzyme. were obtained by using samples of yeast 
I. Mixed purified bone phosphomonoesterase and nucleic acid supplied by British Drug 
- Pee nah ad venom. Houses, Merck, and Boehringer. 

. Russell's viper venom alone. ; 

III. Purified bone phosphomonoesterase alone. Purified bone phosphomonoesterase 

(Gulland and Jackson, Joc. cit.) had little 
or no action on yeast nucleic acid, never liberating more, and usually much less, than 7% of 
the total phosphorus. Similarly, phosphodiesterase (copperhead venom) failed to set free 
inorganic phosphate. Dephosphorylation was readily effected, however, by the following 
mixtures of monoesterase and diesterase: crude bone phosphatase (Martland and 
Robison, Biochem. J., 1929, 23, 237) ; bone monoesterase and copperhead venom diesterase ; 
the venoms of Naja naja or Wagler’s pit viper, acting independently ; bone monoesterase 
and the diesterase and 5-nucleotidase of Russell’s viper or the water moccasin venoms ; 
kidney phosphatase (Albers and Albers, Z. physiol. Chem., 1935, 232, 165, 171) and Russell’s 
viper venom. On the basis of these results we concur with Takahashi that yeast nucleic 
acid contains no phosphomonoester group, and that each phosphorus atom is present 
as a disubstituted phosphoryl group. Takahashi’s further conclusion that each 
phosphoryl group is a diester may be unjustified in view of the more recent report of the 
isolation of guanine uridylic acid (VI) by Bredereck and Richter. 

The degree of hydrolysis of purified yeast nucleic acid accomplished by these mixtures 
of enzymes in our experiments averaged 75%, although from less pure specimens of the 
acid slightly higher values were occasionally recorded. Thus, three only of the four phos- 
phorus atoms were liberated as phosphate. Stringent tests were applied, as already 
described, to show that this incomplete dephosphorylation was a reliable experimental fact 
and not merely the result of unfavourable enzymic conditions, and the final proof of its 
accuracy was obtained in the observation that the mixture of the four nucleotides (I—IV), 
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prepared by the cold alkaline hydrolysis of yeast nucleic acid, was completely (100%) 
dephosphorylated by bone phosphiomonoesterase in circumstances which resembled as 
closely as possible the hydrolyses by mixed monoesterases and diesterases. This ob- 
servation also disposed of the possibility that the concentration of inorganic phosphate 
formed in these hydrolyses was sufficiently great to interfere with the dephosphorylating 
action of the monoesterase; phosphate ions are well known to inhibit phosphatase activity. 

These results differ from those of Takahashi, who records 100% dephosphorylation 
by mixed monoesterase and diesterase. Since the sources of the enzymes were different 
in the two cases, the probable explanation is that our monoesterase preparations or snake 
venoms did not contain an enzyme which was present in Takahashi’s and which has a 
specific hydrolysing action on one of the doubly-linked phosphoryl groups. The inference 
is that one of the phosphoryl groups is disposed differently from the other three, or altern- 
atively that all four are similarly constituted and that the specificity of our enzyme pre- 
parations did not permit fission of one of them. A knowledge of this inherent difference 
between the enzymes in Takahashi’s preparations and ours should throw light on the 
nature of this phosphoryl group. 

The behaviour of mixtures of phosphodiesterase and Sanchestidune (e.g., the venoms 
of Russell’s viper or the water moccasin) towards yeast nucleic acid was unexpected. Either 
of these venoms liberated about 35% of the total phosphorus as inorganic phosphate (see 
figure). This suggests that at least two, or more, phosphoryl groups may be attached at 
C, of the ribose radicals, in view of the high specificity of 5-nucleotidase for adenosine- 
(inosine)-5-phosphate (Gulland and Jackson, Biochem. J., 1938, 32, 597). The degree of 
hydrolysis, intermediate between 25% and 50%, could result from the competitive di- 
esterase action at A and B (VIII) on two or more phosphoryl groups; hydrolysis at A 
would not be followed by liberation of phosphate from the resulting phosphoryl group, 
which would be linked at C, or C, of the pentose, whereas hydrolysis at B would permit 
dephosphorylation by 5-nucleotidase. 


| 9 | 
—C-0-+-F-+-0—-C— 
(5) | OH! = (2or3) VIL.) 
AB 


The incorporation of these suggestions in possible formulz for yeast nucleic acid is not 
yet practicable, chiefly owing to lack of knowledge of the behaviour of 5-nucleotidase 
towards the 5-phosphoric esters of guanosine, cytidine, and uridine (analogous with VII). 
It is hoped, however, that this knowledge will soon be available from current experiments. 

Some implications of the results of this investigation are discussed in the lecture on 
p. 1722. 


EXPERIMENTAL. 


Purification of Yeast Nucleic Acid.—The phosphorus content of some commercial samples 
is low, and purification was effected when needed by the gradual addition of ammonia to the 
acid (20 g.) suspended in ice water, excess of ammonia being avoided, and the precipitation 
of the acid from the resulting neutral, aqueous solution (550 c.c.) of its ammonium salt by means 
of industrial methylated spirit (1-1 1.) containing 3-6% of hydrogen chloride in the form of 
concentrated hydrochloric acid (compare Makino, Z. physiol. Chem., 1935, 236, 201). This 
process was repeated until the correct analytical values were attained (Found, in samples from 
different sources: Boehringer, P, 9-5; purified Merck, P, 9-3; purified B.D.H., C, 34-9; H, 
4-1; N, 16-1;. P, 9:2. Calc. for C,,H,,O,,N,;P,: C, 35-4; H, 3-7; N, 16-3; P, 9-5%). 

Estimations of Inorganic Phosphate-—This was determined colorimetrically by the Bell- 
Doisy—Briggs method. Samples taken from experimental solutions were mixed with the 
sulphuric acid and molybdate solutions in order to precipitate protein and unchanged nucleic 
acid. The precipitates were centrifuged, washed once with water by centrifuging, and the 
clear supernatant liquid and washings were mixed with the sodium sulphite and the quinol 
solution and adjusted to a standard volume. 

, In order to test the accuracy of this procedure, correct estimations were made of inorganic 
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phosphate added to solutions of protein and of intact and partly digested yeast nucleic acid. 
Further, in many cases the results obtained by the standard method just described were found 
to be identical with values estimated in duplicate samples by the method of Levene and Dillon 
(J. Biol. Chem., 1930, 88, 753), which involves a preliminary precipitation of inorganic phos- 
phate as magnesium ammonium phosphate, and hence its removal from the organic components 
of the mixture, before the colorimetric determination, which was then carried out by the Bell- 
Doisy—Briggs method. 

On many occasions during the investigation it was necessary to add either fresh enzyme or 
more substrate to an experimental solution, and then to continue the estimations of inorganic 
phosphate. Whenever this was done, the necessary corrections for dilution and added phos- 
phate (if any) were made. 

All experiments were accompanied by the necessary controls for py-stability of substrates 
and non-production of inorganic phosphate by enzymes incubated without substrate. 

Dephosphorylation of Mononucleotides by Bone Phosphomonoesterase.—The nucleotide 
(10-0 mg.), dried at 110° in a vacuum and just dissolved in a little dilute sodium carbonate, a 
solution (10 c.c.) of the enzyme from sheep bone, purified according to Gulland and Jackson 
(Biochem. J., 1928, 32, 590), Clark and Lubs’s borate buffer at pg 8-6 (10 c.c.),and M/10-magnesium 
sulphate solution (1 c.c.) were mixed, diluted with water to 50 c.c. (toluene), incubated at 37° 
and pg 8-6, and samples (5 c.c.) were withdrawn at appropriate intervals. 


Percentage dephosphorylation. 





Time, Guanylic acid, Adenosine-3-phosphate, Adenosine-5-phosphate, a page acid, 
hrs. P = 83%. P = 86%. P = 89%. = 90%. 
3 30 26 34 
5 41 35 _ 
23 88 85 98 
47 95 100 98 


Similar results were obtained in hydrolyses by phosphomonoesterase of the mixed nucleo- 
tides (I—IV) prepared by the action of 1% sodium hydroxide on yeast nucleic acid (see below). 

Fission of Yeast Nucleic Acid by the Successive Action of Alkali and Phosphomonoesterase. 
—A solution of yeast nucleic acid (20-0 mg.) in 1% sodium hydroxide (20 c.c.) was left overnight 
at room temperature and neutralised carefully with dilute sulphuric acid. Borate buffer at 
pu 8-6 (10 c.c.), M/10-magnesium sulphate (1 c.c.), and bone phosphomonoesterase solution 
(10 c.c.) were added, the mixture was diluted to 50 c.c. with water (toluene), incubated at 37° 
and pg, 8-6, and samples (4 c.c.) were taken. - 


Time (hrs.) 26 43 67 16 283=— «96 120 
Dephosphorylation, % (B.D.H.) ...... 61 80 90 99 - seo — 
: (Boehringer) — - “ve aaa 89 94 100 


” ” 


Action of Bone Phosphomonoestevase on Yeast Nucleic Acid.—Yeast nucleic acid (7-4 mg.), 
dissolved in a little dilute sodium carbonate, phosphomonoesterase solution (5 c.c.), borate 
buffer at pg 8-6 (5 c.c.), and M/10-magnesium sulphate (0°5 c.c.) were mixed, diluted to 20 c.c. 
with water (toluene), incubated at 37° and pg 8-6, and samples (4 c.c.) were taken. 


Time (hrs.) 5 23 
Dephosphorylation, % tna DIEZ.) cocccceccsssscccocece 6-5 6-5 
” ” (Merck) 0 


Dephosphorylation of Yeast Nucleic Acid.—(i) By mixed phosphomonoesterase and the venom 
of Russell's viper or the water moccasin. The conditions of the following experiment were typical, 
and some characteristic examples of the numerous experiments carried out are tabulated below. 


Percentage dephosphorylation. 





B.D.H. 





Ce 
60 
73 
77 


D. 
75 
82 
75 


* At room temperature. 


|| | Soe 


Boehringer. Merck. 


a, 


F. 
64 
67 
73 


77 


G. 
65 
65 


74 


j. 
66 
70 





75 
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Yeast nucleic acid (14-9 mg.) in a little sodium carbonate, phosphomonoesterase solution 
(10 c.c.), venom (20 mg.), borate buffer at pq 8-6 (10 c.c.) and m/10-magnesium sulphate (1 
c.c.) were mixed, diluted to 50 c.c. with water (toluene), incubated at 37° or kept at room 
temperature, and samples (4 c.c.) were taken. 

Similar results were obtained when Russell’s viper venom was allowed to act alone, effecting 
35% dephosphorylation, and the products of this fission were then mixed with phosphomono- 
esterase. 

(ii) By venoms of Naja naja or Wagler’s pit viper. B.D.H. Yeast nucleic acid (14-0 mg.) 
and venom (20 mg.) were treated exactly as in (i), but magnesium sulphate was omitted and 
incubation was at 37°. At * a further amount of enzyme (phosphorus-free) was added. 


Percentage dephosphorylation. 





Naja naja. Wagler’s pit viper. 





Time, hrs. . B. 
56 
57 
69 


(iii) By mixed Albers’ kidney phosphatase and Russell’s viper venom. B.D.H. Yeast nucleic 
acid (10-0 mg.), kidney phosphatase preparation (30 mg.; Albers and Albers, Z. physiol. Chem., 
1935, 232, 165, 171), Russell’s viper venom (20 mg.), borate buffer at pg 8-6 (5 c.c.), and m/10- 
magnesium sulphate (0-5 c.c.) were mixed, diluted with water to 20 c.c. (toluene), incubated 
at 37° and /, 8-6, and samples (2 c.c.) were taken. At 47 hours, further quantities of both | 
enzymes were added. 


Time (hrs.) 6 23 47 72 
Dephosphorylation, % 56 70 70 70 


(iv) By the venom of Russell’s viper or the water moccasin. Yeast nucleic acid (7-0 mg.), 
venom (10 mg.) and borate buffer at pg 8-6 (5 c.c.) were diluted to 10 c.c., the further details 
being as in (iii). 

Percentage dephosphorylation. 





B.D.H.; B.D.H.; Merck ; 
Russell’s viper. water moccasin Russell’s viper. 


Time, hrs. A. B. €. D. E. F. G. H. 
4 18 18 19 30 26 29 35 34 

6 26 24 23 33 36 36 37 paca 

24 35 33 32 35 45 36 37 42 








Failure of Change of Buffer to affect Enzymic Dephosphorylation of Yeast Nucleic Acid.— 
B.D.H. Yeast nucleic acid (8-0 mg.), bone phosphomonoesterase solution (5 c.c.), Russell’s viper 
venom (10 mg.), M/10-magnesium sulphate (0-5 c.c.), and either Sgrensen’s glycine buffer (10 
c.c.) or Clark and Lubs’s borate buffer (10 c.c.), in each case at pg 8-6, were mixed, diluted to 
20 c.c. with water (toluene), incubated at 37° and pg, 8-6, and samples (4 c.c.) taken. 


Percentage dephosphorylation. 
1st Experiment : 2nd Experiment : 
Time, hrs, borate. glycine. borate. glycine. 
4 30 32 36 35 
24 60 57 73 73 


48 87 80 78 86 
72 _ _ 88 86 


Alkaline Fission of Adenosine-3- and -5-phosphates.—No inorganic phosphate was liberated 
when solutions of adenosine-3- (8-5 mg.) or -5-phosphate (7-8 mg.) in 1% sodium hydroxide 
solution (5 c.c.) were kept at room temperature for 18 hours or heated at 100° for 45 minutes. 
When the nucleosides and nucleotides were then precipitated with mercuric sulphate, no organic- 
ally combined phosphate (ribose phosphate) was found in the filtrate. 





1498 White: Studtes in the Amino-sugars. 
Solutions of adenosine-3- (6-4 mg.) and -5-phosphate (6-6 mg.) in 5% sodium hydroxide 
(6 c.c.) were heated at 100°, and samples withdrawn for estimation of inorganic phosphate. 
1-5 2-25 


Percentage dephosphorylation {5Phochhate = 
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285. Studies in the Amino-sugars. Part I. A Case of Acyl 
Migration. 


By THEODORE WHITE 


The author has attempted to apply to salicylidene glucosamine certain known 
additive reactions of Schiff’s bases with a view to obtain products which could be 
broken down to N-acyl glucosamines and glucopeptides of glucosamine, thus providing 
a new synthesis of these important compounds. This aim was not realised, but the 
work brought to light a previously unknown migration of an acyl group from an 
oxygen to a nitrogen atom under the influence of methyl-alcoholic ammonia, whereby 
tetra-acetyl glucosamine hydrochloride is converted into N-acetyl glucosamine. 


JAMEs and Jupp (J., 1914, 105, 1427), extending work by Hantzsch (Ber., 1901, 34, 836), 
found that anils react with acyl halides to yield salts which decompose readily with acid, 
alkali, or hot water, affording the original aldehyde, a hydrogen halide, and an aromatic 
amide corresponding to the original amine; ¢.g., 


COPh 
NPh:CHPh + PhCOC1—> Cl... . NPh:CHPh —> NHPh-COPh + Ph-CHO + HCl 


Irvine and Earl (J., 1922, 121, 2376) noted that glucosamine and salicylaldehyde 
readily form compounds of the Schiff’s base type, and, using their salicylidene glucosamine, 
the author attempted unsuccessfully to add on various acyl chlorides and the hydro- 
chlorides of various amino-acid chlorides. The failure to react was attributed to the 
insolubility of salicylidene glucosamine in non-hydroxylic solvents. 

Following the method of Bergmann and Zervas (Ber., 1931, 64, 975) for anisylidene 
glucosamine, salicylidene glucosamine was therefore acetylated, producing 1 : 3 : 4 : 6-tetra- 
O-acetyl N-acetylsalicylidene glucosamine (I), which was treated in chloroform solution with 
acetyl chloride with a view to obtain the addition complex (II). A translucent thixotropic 
gel, which formed slowly, was filtered off, washed several times with chloroform, then with 
ether, and finally dried, giving a white amorphous powder. The resemblance of the product 
to a quaternary ammonium salt was easily demonstrable, and the readiness with which it 
gave off salicylaldehyde tended to confirm the expected constitution and also rendered 
recrystallisation impossible. The crude product gave inconclusive analyses, and was 
therefore treated at room temperature with methyl-alcoholic ammonia, affording the 
expected N-acetyl glucosamine (III) in good yield. Thus, the presence of an acetyl group, 
a chlorine atom, and a salicylaldehyde residue on the nitrogen atom of the hexose appeared 
to be confirmed, 


[ fas ;—CH-OAc 1—CH-OH CH-OAc 





CH-N:CH-C,H,-OAc CH-NAc:CH’C,H,OAc CH-NHAc CH-NH,,HCl 


CH-OAc act “Cl MeOH CH-OH_Meow-Q  CH-OAc 
Gone NH, CH-OH~ xx, | CH-OAc 
H Oke 1_CH CH 
CH,OAc ee a CH,-OH CH,*OAc 
"OAc : 
(I.) (II.) (III) (IV.) 


CH-OAc 
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Similar reactions were then carried out with propionyl, butyryl, and benzoyl chlorides, 
but instead of the anticipated N-acyl glucosamines, N-acetyl glucosamine was obtained as 
the final product in each case. 

Reconsideration of the results led to the conclusion that the action of the acyl chlorides 
on (I) was not the formation of additive complexes of the type (II), but rather a hydrolysis 
of the aldehyde grouping of (I), resulting in the production of tetra-acetyl glucosamine 
hydrochloride (IV), the reaction probably depending ultimately on the presence of traces 
of water in the solvent. The absence of the additive reaction may possibly be due to 
steric hindrance. The ultimate production of N-acetyl glucosamine by treatment of (IV) 
with methyl-alcoholic ammonia must then involve elimination of three of the O-acetyl 
groups, accompanied by migration of the fourth to the nitrogen atom of the hexose. 

Recrystallisation of the apparent complexes gave in each case a product which, in 
properties and analytical data,was identical with the tetra-acetyl glucosamine hydrochloride 
of Bergmann and Zervas (loc. cit.). The presence of salicylaldehyde m the crude product, 
despite the thorough washing with organic solvents, must be explained as due to an almost 
quantitative adsorption of the aldehyde on the gel-like precipitate of the hydrochloride 
during the process of hydrolysis. 

Finally, tetra-acetyl glucosamine hydrochloride was prepared by dissolving (I) in acetone 
and adding to the boiling solution the theoretical quantity of concentrated hydrochloric 
acid. The product, which contained no salicylaldehyde, was recrystallised, treated with 
methyl-alcoholic ammonia and, as expected, gave N-acetyl glucosamine, thus confirming 
the postulated migration. 

The existence of this migration obviously calls for caution in deducing the presence of 
N-acetyl glucosamine in any more complex substances from which this product has been 
isolated by a process involving the use of mild alkaline reagents at any stage. 


EXPERIMENTAL. 

Salicylidene glucosamine, m. p. 183—184°, was prepared according to Irvine and Earl’s 
method (loc. cit.). 

1:3:4: 6-Tetra-O-acetyl N-Acetylsalicylidene Glucosamine (I).—15 G. of salicylidene 
glucosamine were dissolved with cooling and shaking in 100 c.c. of pyridine containing 465 c.c. 
of acetic anhydride and kept at room temperature for 24 hours, then poured into 250 c.c. of 
ice-cold water. The resultant white crystalline precipitate was filtered off after 2 hours, washed 
with ice-cold water, dried on a porous plate, and recrystallised from methyl alcohol, forming 
white needles, m. p. 132°, sparingly soluble in water, soluble in organic solvents and hot alcohols ; 
yield 19-25 g., 81% (Found: C, 55-9; H, 6-0; N, 2-75; CO-CH,, 44:0. C,,;H,,0,,N requires 
C, 55-9; H, 5-5; N, 2-8; CO-CHsg, 43-5%). 

1:3:4: 6-Tetra-O-acetyl Glucosamine Hydrochloride (IV).—(a) 10 G. of (I) were dissolved in 
50 c.c. of acetone, heated to boiling, and 2 c.c. (1 mol.) of concentrated hydrochloric acid added. 
The product crystallised out on cooling as white needles, which were filtered off and recrystallised 
from 90% alcohol; yield 6-5 g., 84% (Found: C, 44-0; H, 5-95; N, 3-67; Cl, 9-25; CO-CHs,, 
45-0; equiv., 384. Calc. for CyH,,O,NCl: C, 43-8; H, 5-74; N, 3-66; Cl, 9-25; CO-CH,, 
44-9% ; equiv., 383-5). These decomposed at 230°; they were soluble in water and hot alcohols, 
but scarcely so in other organic solvents. The product so prepared was not contaminated with 
salicylaldehyde. (b) 10G. of (I), dissolved in 20 c.c. of chloroform dried over potassium sulphate, 
were treated with 3 c.c. (2 mols.) of acetyl chloride and kept at room temperature. The trans- 
lucent, gel-like product was filtered off after 2 hours, washed three times with chloroform, then 
with ether, and dried at room temperature. A further yield was obtained on allowing the 
mother-liquor to stand for 2 days; total yield 4-8 g.,57%. The crude product so obtained was 
a white amorphous powder which readily gave off salicylaldehyde even on keeping at room 
temperature. The positive results of tests for the presence of ionic halpgen (e.g., with silver 
nitrate) confirmed its saline structure. Recrystallisation from methyl alcohol removed all 
traces of salicylaldehyde, and gave a product identical with that prepared by method (a). 
Treatment of (I) with propionyl, butyryl, or benzoyl chlorides gave a similar result. 

N-Acetyl Glucosamine (III).—6-3 G. of (IV) were dissolved in 50 c.c. of absolute methyl 
alcohol, saturated at 0° with dry ammonia, with cooling and shaking, and kept at room temper- 
ature for 3 hours. The ammonia and methyl alcohol were then removed by distillation under 
reduced pressure at room temperature, the crude product washed several times with cold alcohol 
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to remove acetamide, and recrystallised from hot 75% methyl alcohol plus half its volume of 
hot alcohol and a little ether; it formed white needles, m. p. 205°, mixed m. p. with a sample 
(m. p. 196°) prepared by the method of Zuckerkandl and Messiner-Klebermass (Biochem. Z., 
1931, 236, 19) 200°; yield 2-3 g., 64% ; [a]}** = 64° (init.) —> 40-9° (in water) (Found: C, 43-45; 
H, 6-8; N, 6-3; CO-CHs, 19-7. Calc. for CgH,,0,N: C, 43-4; H, 6-8; N, 6-3; CO-CHs, 
19-45%). 
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286. The Chain Theory of the Oxidation of Phosphorus Vapour. Part I. 
Comparison of the Effect of Hydrogen, Deuterium, and Helium on the 
Lower Explosion Limit of Phosphorus—Oxygen Mixtures. Part II. 
Displacement of the Lower Limit by Ultra-violet Light. Part III. 
Influence of Ultra-violet Light on the Upper Limit. Part IV. The 
Stable Oxidation Reaction below the Lower Limit. Part V. The 
Transformation of White into Red Phosphorus by Means of Ultra- 
violet Light. 

By Davip W. KinG and Ernest B. LUDLAM. : 


I. Deuterium and helium are almost equal in their efficiency in preventing the 
explosion chain carriers reaching the walls, and hydrogen is less efficient, the efficiencies 
being in the ratio H,: D,: He = 1: 1-30: 1-32. 

II. Illumination below the lower limit produced two effects: (a) displacement 
of the lower limit towards smaller pressures, (b) reaction between phosphorus and 
oxygen below the lower limit. The displacement is not permanent, but slowly 
decays if the reaction mixture is allowed to stand before being exploded. The displace- 
ment is a wall effect, probably due in the first place to dissociation of P, into Py. 

III. Illumination resulted in a raising of the upper limit. This could not be 
a wall effect and is probably due to the production of P, molecules. 

IV. The rate of the stable reaction was found to be proportional to the pressure 
of P, and to the square of the oxygen pressure, but independent of the pressure of 
inert gas. 

V. The rate of transformation of P, into red phosphorus was found to follow 
a unimolecular law. 




























Part I. COMPARISON OF THE EFFECT OF HYDROGEN, DEUTERIUM, AND HELIUM 
ON THE LOWER EXPLOSION LIMIT OF PHOSPHORUS—-OXYGEN MIXTURES. 


THE existence of an upper limiting pressure of oxygen for a given pressure of phosphorus, 
above which there is no appreciable reaction, was discovered by Berthollet in 1797. The 
discovery that there was also a lower limit below which no reaction could be observed was 
made by Joubert [Amn. Sci. Ecole norm., 1874, Suppl. (2), 8, 207] about 80 years later. 
Between these two limits phosphorus vapour and oxygen inflame. No satisfactory 
explanation of the existence of the limits was given by their discoverers. 

Chariton and Walta (Z. Physik, 1926, 39, 547) showed that by the addition of argon 
to a P,-oxygen mixture, inflammation could be provoked at lower pressures than in 
its absence. These experiments were repeated and confirmed by Semenoff (ibid., 1927, 
46, 109; 1928, 48, 511), who also showed that the lower limit could be defined by the 
equation 


Pbpo, [1 + Px/(ho, + Pp,)]@* = constant . . . . . (i) 














~ 
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where d was the diameter of the vessel, and p,, o,, Px were respectively the pressures 
of phosphorus vapour, oxygen, and inert gas at the lower limit. 

From these experiments, Semenoff (Z. phystkal. Chem., 1928, B, 2,161; Chem. Reviews, 
1929, 6, 343) was able to develop a quantitative treatment of the reaction in terms 
of the chain theory. He suggested that the oxidation of phosphorus was a chain reaction 
in which the chain carriers were oxygen atoms and phosphorus oxide molecules, the chains 
being broken at the lower limit by adsorption of the carriers on the walls of the containing 
vessel. These chains were also supposed to be branching chains, the upper and lower limits 
being at that point where the rate of branching just balanced the rate of deactivation of 
the chain carriers—in the gas phase for the upper limit, and at the walls for the lower 
one. By use of the general equations characterising chain reactions, Semenoff obtained an 
expression for the lower limit almost identical with that obtained from experimental 


results, viz., 


Pro, [1 + Px/(be, + Po,)]@ = constant . . . . . (2) 


In deriving this expression, he made several assumptions which, viewed in relation 
to the knowledge of the processes whereby excited atoms and molecules can lose their 
energy, are scarcely satisfactory. Moreover, he assumed a definite mechanism for the 
propagation of the chains in the gas phase. The initial centres are supposed to be oxygen 
atoms which, combining with phosphorus molecules, form intermediate active molecules 
of P,O; these molecules on combining with oxygen molecules form P,O, and regenerate 
free oxygen atoms again, so Semenoff’s scheme for the development of the primary 
reaction is 

O+ P,—> P,O P,O + 0, —> P,0, + O 

Sufficient amounts of energy are liberated in the oxidation of P,O, to P,O,, to guarantee 
the secondary dissociation of the oxygen molecule into its two atoms, so enabling the 
reaction chains to branch. Rupture of the reaction chains is due to adsorption of the 
oxygen atoms by the walls. 

A more satisfactory method of obtaining equation (2) was given by Dalton and 
Hinshelwood (Proc. Roy. Soc., 1929, A, 125, 290), who made no assumption of a definite 
mechanism for the reaction. 

Melville and Ludlam (ibid., 1931, A, 182, 108) carried out a series of experiments at 
the lower limit, using 14 different inert gases, and showed that Semenoff’s equation was 
valid provided that the concentration of the inert gas py was multiplied by some additional 
factor u, which was inversely proportional to the diffusion coefficient of the chain carriers 
into the inert gas present. Semenoff’s equation was therefore modified to 


br,po{l + ubx/(Pp, + Po,)] = constant (fora giventube). . . (3) 


Investigation of the theoretical basis for this empirical change was extremely difficult, 
since the rate of diffusion of the reaction chain involves the diffusion of two chain pro- 
pagators, which alternately appear and disappear in the development of the chain, in a 
ternary mixture. Semenoff (Z. phystkal. Chem., 1929, B, 2, 161) attempted a rigorous 
and exact solution of the problem for the hydrogen—oxygen reaction, in which he assumed 
that the chain propagators were hydrogen atoms and HO, molecules. According to 
Gray and Melville (Trans. Faraday Soc., 1935, 31, 452), a simpler treatment of the prob- 
lem can be obtained if it is assumed that the chain carriers have the same diameters and 
masses. They showed that the value of px, the inert-gas factor, is given by : 


uc ohx (ge + az) / tue + a) eee ig dente 


where o,x is the sum of the molecular radii of the chain carrier A and the inert gas X; 
o,y is the sum of the molecular radii of A and M, the mean value for the reactant gases 
(P,, O.); My is the mean molecular weight of the reactants, and My and M, are the mole- 
cular weights of the inert gas and of the chain carriers respectively. It is seen that the 
factor by which fx is multiplied is not the diffusion coefficient (it is proportional to it), 
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but a factor expressing the molecular weight and molecular diameter of the inert gas 
molecules and the chain carriers. It seemed, therefore, useful to investigate and compare 
the inert-gas effect obtained by using hydrogen, deuterium, and helium, with a view 
to confirm the above expression, and also to complete the work on the effect of foreign 
gases on the lower critical oxidation limit. 

Now if M, is large in comparison with Mx, 1/M, may be neglected. The chain 
carriers in the phosphorus—oxygen reaction are assumed to be either an oxygen atom or 
an activated oxygen molecule and some lower oxide of phosphorus of the type P,O,, 
so that in comparison with the molecular weight of hydrogen, deuterium, and helium, 
1/M, may be neglected as a close approximation. Also, 1/M, +1/My and my 
remain constant for this reaction, so (4) becomes 


vy = kyo4x/k3(1/Mx)* . e ° e ° ° ° . (5) 
where k, = (1/M, + 1/My)* and ky = cay. 


Hydrogen and deuterium have been shown to have the same molecular diameters (van 
Cleave and Maass, Canad. J: Res., 1935, 12, 57; Farkas and Farkas, Naturwiss., 1934, 
22, 218), so that, from the point of view of the inert-gas effect, they differ only in the fact 
that deuterium has twice the mass of hydrogen. Hence, from (5), vy,/up, = 1/V2. 
Helium, although possessing the same mass as deuterium, has been shown to have a slightly 
larger molecular diameter than hydrogen, and hence than deuterium, so that pp,/ug, = 
S1p/ane- Any difference between the experimental values of up, and ug, must be 
ascribed therefore to the difference in molecular djameter; so it was interesting to see 
whether this small difference was sufficient to cause any appreciable difference in the 
corresponding values of u. 

The apparatus need not be described in detail, for it closely resembled that of Melville 
and Ludlam (loc. cit.); The reaction vessel was a silica bulb, as it was also used for in- 
vestigating the action of ultra-violet light on the oxidation. The deuterium was prepared 
from heavy water containing 99-95% D,O. 

Typical sets of results are given in Table I, in which all pressures are in mm. of 
mercury. The temperature of the reaction vessel was 15°, and that of the phosphorus 
reservoir 0°, in all three cases. 


TABLE I. 


Hydrogen. Deuterium. Helium. 


¥ px ” _, " ts px . 
Px. Por 5S Bo, + Pm ee et <7 ee es 
0 .0-0208 48-0 0 0 0-0208 48-0 0 0-0208 48-0 
0-0232 0-0191 52-3 0-0198 0-0189 52-9 0-0161 .0-0190 53-0 
0-0232 0-0191 52-3 0-0198 0-0195 651-3 00-0161 0-0196 51-0 
0-0480 0-0175 57-1 0-0390 0-0161 62-3 0-0315 0-0178 56-2 
0-0460 90-0179 55-9 0-0390 0-0166 60-2 0-0321 0-0172 58-1 
0-0680 0-0154 64-9 0-0591 0-0144 69-5 0:0470 00-0156 64-1 
0-0680 0-0150 66-7 0-0596 0-0147 67-9 0-:0470 00-0156 64-1 
0-0692 0-0159 62-7 0-0764 0-0132 75-7 0-0626 0-0141 70-8 
0-0914 0-0136 73-6 0-0782 0-0128 78-1 0-0620 0-0139 72-1 
0-0910 00-0143 69-9 0-0986 0-0117 85-5 0-0786 0-0132 75-8 
0-0120 0-0126 79-3 0-0986 0-0117 85-5 0-0780 00-0129 77-5 
0-0120 0-0126 79-3 0-1119 00-0107 93-5 0-0946 00-0118 84-7 
0-1342 0-0108 92-6 0-1108 0-0109 91-8 0-0954 0-0122 82-0 
0-1342 00-0111. 90-2 0-1275 0-0100 100 0-1095 00-0106 94-3 
0-1574 0-0104 96-1 0-1275 00-0092 109 _ 0-1100 0-0106 94-3 
0-1568 0-0100 100-0 0-1376 0-0089 112 0-1246 0-0092 109 
0-1811 0-0090 111 0-1380 0-0088 114 0-1250 0-0095 105 
0-1820 0-0088 114 0 0-0208 48-0 0-1413 0-0084 119 
0 0-0208 48-0 0 0-0208 48-0 


v 
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The results are summarised in Fig. 1, where the reciprocal of the critical oxygen pres- 
sure fo, is plotted against the quantity #x/(pp, + ~o,) for the three inert gases, hydrogen, 
helium, and deuterium. It is seen that helium is only very slightly more effective than 
deuterium, but both have a much greater effect than hydrogen. From the slopes of the 
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curves in Fig. 1 it was found that the ratio of the values of the inert-gas factor u for the three 
gases was given by uy, : Up, : Yue = 1-00: 1-30: 1-32. The slope of the curve for hydrogen 
is nearer that for helium and deuterium than would be expected at first sight from theoret- 
ical considerations. However, if the number of assumptions and approximations made 
in deriving the expression for the inert-gas factor ux [equation (4)] is considered, these 
values obtained for vy,, up,, and wy, are quite within reason. The difficulty in deriving 
theoretically an expression for » for an inert gas 

has been explained on p. 1501. A rigorous solu- Fic. 1. 

tion of the problem is probably impossible, and 
would give rise to a very complicated expression 
containing a number of immeasurable factors. 

In deriving and in using the theoretical ex- 
pression (4) for the inert-gas factor, certain 
variations and assumptions had to be made 
owing to the difficulty in knowing the nature 
and the physical constants of the two chain 
carriers. Semenoff (Z. Physik, 1927, 47, 109) 
assumes that one of the chain carriers is an 
oxygen atom (or, less likely, an activated 
oxygen molecule; Childe and Mecke, ibid., 1931, $0 30 700 720 
68, 344) and the other some lower oxide of py, 
phosphorus of the type P,O,. If this view is Effect of hydrogen, deuterium, and helium in 
correct, then M, will have a minimum value of preventing chain carriers reaching the walls 
roughly 70, so the neglect of 1/M, in com- (least for hydrogen). 
parison with 1/M x (see p. 1502) is justified. _ 

The theoretical value for up,/ug,, viz., 4/2, is somewhat higher than that found 
experimentally. However, it has been suggested from results obtained by Melville and 
Ludlam (Proc. Roy. Soc., 1932, A, 185, 315) in experiments carried out with a tungsten 
filament, that the rate of starting of chains in the phosphorus—oxygen reaction may be 
proportional to },, a suggestion which indicates the possibility of P, molecules playing 
some essential part in the initial stages of the reaction. Evidence in favour of this view 
has been obtained by projecting a beam of P, molecules (Melville, Thesis, Edinburgh, 
1932; Preuner and Brockmiller, Z. physikal. Chem., 1912, 81, 159) into oxygen, where- 
upon the typical glow emitted from a phosphorus-oxygen explosion was observed. 
Although the evidence that P, molecules play an important réle as chain carriers in the 
oxidation of phosphorus is not very strong, and is open to the serious objection that either 
one of the chain carriers may be produced in some way by the reaction of the P, molecules 
with oxygen or P, molecules which then results in the initiation and development of 
the chains, yet it is possible that one of the chain carriers is a P, molecule. In the event 
of this being true, M, would have a value of approximately 35, so that 1/M, could 
not be neglected as before, and yp,/ug, would have a smaller value than /2, although 
not so low as to account fully for the experimental results. 














Part II. DISPLACEMENT OF THE LOWER LiImIT BY ULTRA-VIOLET LIGHT. 


It is assumed in the derivation of expressions for the explosion limit that this should 
be independent of the rate of starting of the chains, provided, of course, that some re- 
action, even although too small to be measured, does take place. The stationary concen- 
tration of one of the chain carriers X, in the phosphorus-oxygen reaction is given by 


[X,] = Ryke[O,]F(c) + 2, KF(c) br aol 
(1 — a)&gkg[Pq][O2] + AeK[Og] + RgK[Pa] + K* 
where k,,k,,and k, are velocity coefficients, [O,] and [P,] concentrations of oxygen and phos- 
phorus vapour respectively, and K the rate of deactivation of X, at the walls; ,F(c) 
is the initial rate of production of the chain centres, and « introduces the condition that 
more than one molecule of X, can be produced from the other chain carrier X, at col- 
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lision, i.e., branching can take place. At explosion, however, [X,] will be infinitely great, 
so the condition for explosion is that 


(1 — a)hghglPg][Oy] + kyK10,] + &KIPJ+K2=0 © . . (2) 


As the term F(c) does not appear in the denominator, it follows that the explosion limits 
should be independent of the rate of production of the chain centres. This critical explosion 
pressure may be either an upper or a lower limit, depending on whether the chains are 
broken by deactivation of the chain carriers in the gas phase or at the walls. At low pres- 
sures, deactivation takes place almost entirely at the walls, so that if, on increasing the 
pressure, the rate of production of new chains owing to the occurrence of branching may 
equal or exceed the rate of deactivation, then a sharp change from a slow or non-detectable 
reaction to an explosive one may occur. This gives rise to a lower limit. As the pressure 
is still further increased, deactivation of the carriers by collision in the gas phase becomes 
a more prominent factor, until finally, wall deactivation becomes negligible. Thus, on 
increasing the pressure it may be possible to reach a state where deactivation of the carriers 
in the gas phase equals or exceeds the rate of branching, so that the reaction ceases to 
become an explosive reaction, giving rise to an upper explosion limit. 

Now there is ample evidence that, apart from the oxidation of phosphorus and of 
phosphine, the position of both explosion limits is dependent on the rate at which the 
chains are started. Hydrogen atoms, produced photochemically (Farkas, Haber, and 
Harteck, Z. Elecktrochem., 1930, 36, 711; Taylor and Salley, J. Amer. Chem. Soc., 1933, 
55, 96), thermally (Haber and Oppenheimer, Z. phystkal. Chem., 1932, B, 16, 443), or 
electrically (Semenoff, Trans. Faraday Soc., 1933, 29, 606), oxygen atoms, and chlorine 
atoms (Norrish, Proc. Roy. Soc., 1931, A, 135, 334) all reduce the temperature of spon- 
taneous ignition of hydrogen-oxygen mixtures, and at temperatures approximating to 
room temperature, conditions simulating a lower explosion pressure can be obtained by 
using a spark to start the chains (Thompson, Trans. Faraday Soc., 1932, 28, 308). Other 
examples of the displacement of the position of explosion limits, owing to their partial 
dependence on the rate of production of chain centres, are afforded by the reduction in 
ignition temperature of hydrogen, carbon monoxide, and methane by nitrogen peroxide. 
A similar alteration in the explosion limits in the oxidation of carbon disulphide (Semenoff 
and Rjabin, Z. physikal. Chem., 1928, B, 1, 192), sulphur (Ritchie, Proc. Roy. Soc., 1932, 
A, 187, 511), and hydrogen sulphide can be obtained by the use of suitable stimuli. 

These reactions, however, have two properties in common which are not shown in 
the oxidation of phosphorus and phosphine, viz., that their explosion limits are influenced 
by temperature changes and that explosion takes place at fairly high temperatures. 
The situation may be summarised by the statement that in those chain reactions where the 
explosion limits are temperature-dependent, and explosion takes place at high tempera- 
tures, the chain hypothesis does not entirely express the condition for explosion, since the 
position of both explosion limits is partly dependent on the rate of initiation. Hence, 
to express completely the condition for explosion, some temperature-dependent factor 
should be introduced. 

With phosphorus and phosphine, however, the propagating collisions are almost 
100% efficient, so the efficiency is for all practical purposes independent of the tempera- 
ture. In addition to this, the termination reactions at the walls or in the gas phase are 
independent of temperature, so it is to be expected that the pure chain explosion would 
occur in these-cases. If so, the condition for explosion would be adequately expressed 
by the statement that the product of the probabilities of branching and of termination 
of the chains is equal to unity. Consequently, the explosion pressure should be quite 
independent of the rate of starting of the chains. Hence, by introducing active centres 
into phosphorus—oxygen mixtures and examining the effect on the explosion limits, it 
should be possible to prove or disprove the above statement, incidentally putting some 
parts of the chain theory to a. somewhat crucial test. This test was applied to the ex- 
plosion limits of phosphine, and a displacement of both limits occurred (Clusius and 
Hinshelwood, 1bid., 1930, A, 129, 589; Melville and Roxburgh, J. Chem. Physics, 1932, 
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2, 739). Melville, however, showed that the displacement of the lower limit was due to 
a change in the condition of the walls (Proc. Roy. Soc., 1932, A, 138, 389). 

Semenoff, in his quantitative development of the chain theory, has shown that the 
velocity of the stable reaction is given by 


Pee tai necdes.: cxcksom cati at seamen Oe 


where m, is the number of initial centres, and « the average number of elementary re- 
actions entailed by one given reaction, t.e., the probability of the continuation of the 
chain. It was possible, therefore, that the introduction of further active centres into 
the phosphorus-oxygen mixture would result in a sufficient increase in m, to produce 
a measurable stable reaction below the lower explosion limit. Of the two easily controllable 
methods of introducing active molecules into a gaseous mixture without raising the 
temperature, #.¢e., by a filament or photochemically, it was decided to use the latter, in 
the hope of testing the statement that the explosion limits should be independent of the 
rate of initiation of chains. 


Photographs of the absorption spectrum of phosphorus vapour, taken with the continuous 
spectrum of a water-cooled hydrogen discharge tube, showed that the absorption was con- 
tinuous, and was ample for our purpose at wave-lengths longer than those at which oxygen 
absorption commenced, even down to the mercury line at 12537; hence, either a zinc spark 
or a mercury-vapour lamp could be used as the source of illumination. 

The apparatus did not differ in any important respect from that used in previous work. 
The explosion vessel was a bulb of silica in which the phosphorus was contained at a known 
pressure. The oxygen entered through a capillary, and preliminary determination of the 
rate of flow gave the pressure the gas attained in an observed time. The time, ¢,, necessary 
for explosion to take place in the dark was noted, the vessel was pumped out, refilled with 
phosphorus vapour, and oxygen allowed to enter for a time #,, less than ¢,; the mixture was 
illuminated for the desired length of time, T, the flow of oxygen was restarted, and the time, 
ts, noted for the explosion to occur. Therefore ¢, — (¢, + ¢,), the difference between the 
oxygen pressure for explosion to occur in a non-illuminated and in an illuminated mixture, 
gave a measure of the effect of the illumination. 

Results.—Table II shows a typical set of results obtained in the preliminary investigation, 
during which mixtures of phosphorus vapour and oxygen, containing the same pressures of 
both, were illuminated with light from the zinc spark for different periods of time, T. In 
Fig. 2 the total pressure of oxygen (measured in terms of ¢, + ¢,) is plotted against period 
of illumination. 
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The last column of Table II shows #, — (¢, + #;). From Fig. 2, it is seen that for exposures 
of 180 secs. and less, the total pressure of oxygen required for explosion was less than the 
normal explosion pressure of a similar mixture. Evidently, the mixture on illumination had 
become more susceptible to explosion, thus resulting in a lowering of the critical pressure. 
For longer exposures than 180 secs., the total pressure of oxygen required for explosion was 
greater than for a non-illuminated mixture. It was evident, therefore, that besides displacing 
the lower limit, illumination resulted in the production of a stable reaction below the lower 
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limit. By altering the intensity and length of illumination, it was possible to eliminate the 
latter phenomenon and so investigate the displacement of the lower limit. 

During the following series of experiments, the length of exposure of the phosphorus— 
oxygen mixtures to ultra-violet light was reduced to 15 secs., and the intensity of light reduced 
so that very little photo-oxidation occurred. The actual experimental procedure differed very 
little from -that in the previous experiment. 


TABLE II. 


Zinc spark. Temp. of phosphorus reservoir, 0°. Temp. of reaction vessel, 16°. 
From calibration curve: 1 sec. = 3-86 x 10 mm. Hg. 


Initial Time Total Initial Time Total 
concn. for ex- press. Amount concn. for ex- press. Amount 
of O,, plosion, of O,, of O, of O,, plosion, of Ox,, of O, 
1 ty (4: +4), used 4 te (4; +4), us 
(secs.). (secs.). _ (secs.). secs. (secs.). (secs.). (secs.). _ (secs.). secs. (secs.). 
0 0 98-8 98-8 _ 60 82-5 11-9 94-4 — 44 
360 82-5 26-9 109-4 10-6 30 82-5 11-3 93-8 — 50 
300 82-5 19-6 102-1 3-3 20 82-5 11-4 93-9 — 49 
240 82-5 17-0 99-5 ~ 0-7 10 82-5 12-4 94-9 — 39 
180 82-5 15-7 98-2 —0-6 1200 82-5 45-2 127-7 +28-9 
120. 82-5 14-2 96-7 —2-1 0 0 98-8 98-8 — 


Phosphorus vapour was admitted into the reaction vessel, and oxygen allowed to enter until 
it had nearly reached the explosion limit, the flow being then stopped and the mixture 
illuminated for 15 secs. The flow of oxygen was restarted, and the time for explosion noted. 

Different intervals of time (¢) were allowed to elapse between the cessation of illumination 
and the occurrence of explosion, so that the persistence of the effect could be determined. By 
plotting the time allowed for decay (#) against amount of lowering of the explosion limit, a decay 
curve was obtained (Fig. 3). 

In later experiments the zinc spark was replaced by a mercury-vapour lamp, which was 
more suitable for the work. Care was taken to exclude all mercury vapour from the reaction 
vessel, by means of a liquid-air trap between it and the McLeod gauge, so that no photosensi- 
tisation could take place. Tables III and IV respectively show the results obtained by illumin- 
ating the phosphorus—oxygen mixtures with light from the zinc spark and from the mercury 
arc. The pressures of oxygen are expressed in seconds. 


TABLE III. 


Zinc spark. Exposure, 20 secs. Temp. of phosphorus, 0°. 
From calibration curve: 1 sec. = 7-1 x 10-* mm. Hg. 


Explosion Explosion Lowering Explosion Explosion Lowering 
press. Time for press. of limit press. Time for press. of limit 
(secs.). No decay,# (secs.) after after? . (secs.). No decay,# (secs.) after after 
illumtn. (secs.). illumtn. secs. illumtn. (secs.). illumtn. secs. 
70-3 65-8 68-8 1-5 70-4 9-5 65-0 5-4 
70-6 55-0 68-1 2-5 70-9 6-6 64-3 6-6 
69-2 46-3 69-9 2-3 70-5 26-9 67-1 3-4 
69-6 36-0 66-7 2-9 71-0 37-8 68-1 2-9 
70-5 27-0 67-1 3-4 71-2 48-4 68-7 2-5 
70-8 16-8 66-6 4-2 70-8 58-9 68-9 1-9 
70-8 5-1 64-8 6-0 71-0 66-7 69-7 1-3 
70-5 4-5 64-4 6-1 70-9 66-9 69-9 1-0 


In Table IV the results marked A were obtained in a clean reaction vessel, whereas those 
marked B were obtained after the vessel had been in use for some time. From the decay 
curves it was evident that the rate of decay was influenced to some extent by the condition 
of the walls of the containing vessel. 


Other series of experiments are given in Table V, where the length of exposure and pressure 
of phosphorus vapour were kept constant, whilst the pressure of oxygen varied from zero to just 
below the explosion pressure. It was necessary to find the effect of varying the oxygen pressure 
on the rate of decay in view of the future investigation of the stable oxidation reaction below the 
lower limit. These experiments were carried out in a different reaction vessel from that used 


in the preliminary investigation. 
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TABLE IV. 


Mercury arc. Exposuré, 15 secs. Temp. of phosphorus, 0°. 
From calibration curve: 1 sec. = 6-9 x 10 mm. Hg. 





Normal explosion Initial concn. of Time for Lowering of 
press. Time for decay O, explosion limit, 

(T secs.). (¢ secs.). (T, secs.). (T, secs.). T, — (Ti + T,). 
72-2 6-7 60-2 4-1 7-9 . 

72-2 6-8 60-2 4:3 77 
72-3 18-2 60-2 5-8 6-3 
72-5 29-7 60-2 7:3 5-0 

ay 72-5 52-4 60-2 9-6 2-7 

72-1 83-5 60-2 10-9 1-0 
72-2 104 60-2 11-8 0-2 
72-2 150 60-2 12-0 0 

L 72-2 201 60-2 12-0 0 

r 6733 5-7 60-2 3-6 95 
73-1 17-4 60-2 5-4 7-5 
73-3 28-9 60-2 6-7 6-4 

B : 73-3 51-0 60-2 8-7 4:4 

73-1 82-9 60-2 10-8 21 
73-2 104 60-2 11-7 1-3 
72-9 145 60-2 12-6 0-1 

L 73-0 315 60-2 12-8 0 

TABLE V. 


Mercury arc. Exposure, 15 secs. Temp. of phosphorus, 0°. 
From calibration curve: 1 sec. = 5-78 x 10-* mm. Hg. 


Total O, Displmt. Total O, Displmt. 

Initl, Time for required of lower Time for Initl. Time for required of lower Time for 
[Og] expln. for limit decay [O,] expln. or limit decay 
(secs.). (secs.). expln. (secs.). (secs.). (secs.). (secs.).  expln. (secs.).  (secs.). 
0 47-6 47-6 _ —_— 10-0 37-5 47-5 _ _ 

0 44-2 44-2 3-4 45 10-3 32-7 43-0 4:5 90 
0 45-3 45-3 2-3 86 10-2 28-2 38-4 9-1 30 
0 45-9 45:9 1-7 127 10-4 30-9 41-3 6-2 62 
0 46-4 46-4 1-2 168 10-4 32-3 42-7 4:8 93 
0 46-9 46-9 0-7 289 10-2 34-5 44-7 2-8 156 
0 47°3 47-3 0:3 450 10-2 36-7 46-9 0-6 279 
0 43-0 43-0 4-6 43 10-2 36-9 . 47-1 0-4 398 
0 45-6 45-6 2-0 76 10-0 37-5 47-5 -- — 
0 45-3 45-3 2-3 115 " " . a. id 
0 46-7 46-7 0-9 189 ty oh pio ' 
15-1 24-1 39-2 8-3 34 
0 47-5 47-5 0-1 284 15-0 24-6 39-6 7-9 40 
0 47-4 47-4 0-2 404 ‘ i ; é 
6 15-0 26-1 41-1 6-4 61 
° acta Boies - - 15-0 8927-1 41 5-4 90 
' . . te Le 15-3 28-9 44-2 3-3 145 
oe a ot 9-8 8-1 15-3 29-9 45-2 2-3 205 
35-0 5-0 40-0 8-3 15 15-3 31:8 47-1 0-4 420 
35-0 5-4 40-4 7-9 25 15-2 32:3 47-5 — — 
30-4 9-1 39-5 8-8 40 20-2 27-5 47:7 = —_ 
35-1 6-8 41-9 6-4 37 20-3 17-2 37-5 10-2 17 
30-3 12-4 42-7 5-6 75 20-0 19-1 39-1 8-6 30 
35-0 7-9 42-9 5-4 78 20-0 19-8 39-8 7-9 42 
30-3 14-7 45-0 3-3 138 20-0 21-8 41-8 5-9 77 
30-3 17-0 47-3 1-0 257 20-0 24-2 44-2 3-5 145 
30-3 17-6 47-9 0-4 378 20-0 26-9 46-9 0-8 270 
30-2 18-0 48-2 0-1 500 20-3 27-0 47-3 0-4 387 
30-4 17-9 48-3 —_ — 20-2 27-5 47-7 — — 


The results show that mixtures of phosphorus vapour and oxygen at pressures below 
the explosion limit become, on exposure to light from a zinc spark or mercury arc, more 
susceptible to explosion, thereby resulting in a displacement of the lower explosion limit 
towards smaller pressures (Table V, col. 4). This effect, however, is not permanent, 
but decays slowly with time, the original explosion pressure being very nearly reached 
when the illuminated mixture has stood for 5—6 minutes after cessation of illumination. 
The rate of decay and amount of displacement of the lower limit evidently depended 
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to some extent on the condition of the walls, for the rate of decay in a clean vessel differed 
considerably from that in one which had been in use a considerable time (Table IV). 
Although the rate of decay and amount of lowering are independent of the pressures of 
oxygen, yet the latter differed considerably from that obtained when no oxygen at all 
was present in the reaction vessel and only phosphorus vapour was exposed to illumina- 
tion (Fig. 4). 
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There are two possible explanations of the lowering of the explosion limit by the 
ultra-violet light. Illumination of the phosphorus-oxygen mixtures may result in the 
formation in the gas phase of some active substance with an appreciable time of survival : 
this could only cause the lowering of the lower explosion limit by increasing the rate of 
production of the chains. It was seen previously that the rate of decay depended to some 
extent on the condition of the walls, so it seems likely that the deactivation of the active 
substance would occur on the walls. From the decay curve it is obvious that, before 
being deactivated, an active molecule would make a very great number of collisions with 
the walls (of the order of 10*), so such a molecule, if produced, would be active in virtue 
of its chemical properties rather than its high energy content. 

On the other hand, owing to the low rate of decay, it is more likely that the displace- 
ment of the lower limit is due rather to a change in the surface of the walls than to the 
production of active centres in the gas phase. Now the. propagating collisions in the 
phosphorus—oxygen, as in the phosphine-oxygen, reaction are almost 100% efficient, 
so in equation (7), which gives the condition for explosion, k, = kg; and since h, is large, 
K?/k, is probably very small and therefore may be neglected. Introducing these simpli- 
fications into (7), we have 


(a — Nk [P JO.) = K(PJ +0)... - - - @) 
so that [P,J[0O.] = K’ x constant . . ... . . (10) 
where K’ expresses the efficiency of the deactivating collisions of X, with the walls; 


K’ will depend therefore on the surface of the walls, so that an alteration in this surface 
on illumination may result in an alteration in K’ and so give rise to a displacement of the 
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explosion limit. Hence, it was necessary to examine the lowering effect with a view 
to decide whether this displacement was due to a variation in the condition of the walls, 
thereby increasing their power of reflecting the chains, or to the production of active 
molecules in the gas phase itself. 


The principle of the method employed consisted in illuminating a mixture of phosphorus 
vapour and oxygen in one vessel A, and then immediately transferring it to a second vessel B, 
similar in all respects to that in which explosion pressure is measured. If the effect is a surface 
effect, the explosion pressure in B should be the same as that for a similar non-illuminated 
mixture, since the active surface is left behind. If, on the other hand, the active substance is 
present in the gas phase, it should produce in B a diminished explosion pressure. Before the 
experiments were started, phosphorus vapour and oxygen were allowed to combine explosively 
in both vessels, A and B, so that the conditions of the walls would be the same for both. The 
normal lowering effect was measured in A, both with and without illumination. Then A 
was filled with phosphorus vapour, which was illuminated for a definite time and transferred 
rapidly to B, where the pressure (time of flow) of the oxygen needed for the explosion was 
measured. The results (in the light of the mercury arc) were : 


Explosion time in A = 654-2 secs. 





No illumination in A. Illumination in A. 
Explosion in B. Explosion in B. Explosion in A. 
56-9 57-1 51-0 
57-5 57-0 53-0 
56-8 56-6 61-2 
57-0 56-9 50-7 


It is seen that, although illumination of a phosphorus-oxygen mixture in A results 
in a displacement of the explosion pressure, yet if a similar illuminated mixture is trans- 
ferred from A to B the explosion pressure obtained in B is the same as that for a non- 
illuminated mixture. There is no doubt, therefore, that the displacement of the lower 
explosion limit is due to alteration in the conditions of the surface of the reaction vessel, 
and not to a gas-phase effect (although the alteration in the surface may be the result 
of a change in the gas). 

The results of the transfer experiments, together with the long rate of decay of the lower- 
ing effect found in previous experiments, show quite definitely that illumination of the 
phosphorus—oxygen mixtures below the lower limit results in a change in the surface con- 
ditions of the reaction vessel; and this alteration gives rise to a displacement of the lower 
explosion limit, which may be due either to an increase in the rate of initiation of the 
chains or to a decrease in efficiency of the deactivating collisions of the chain carriers 
with the walls. As the absorption of light by oxygen does not begin to be effective until 
much farther in the ultra-violet, the original cause of the lowering effect must lie in the 
absorption of the light by the phosphorus molecules. 

During all these experiments a deposit of red phosphorus was formed on the walls after 
long illumination. In connexion with this, Melville and Gray (Trans. Faraday Soc., 1936, 
32, 271) have shown that the mechanism for the production of red from white phos- 
phorus via the gas phase is given by 
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the recombination of the P, molecules to give red phosphorus occurring at a surface. 
Hence, since red phosphorus was deposited as a result of the absorption of light by phos- 
phorus molecules, it follows that dissociation of these into P, molecules (which recombine 
on the walls to give red phosphorus) must have occurred. This production of P, molecules 
will also apply to the layer of phosphorus which was repeatedly shown to be adsorbed on 
the walls of the reaction vessel. Moreover, Gray found, when investigating the effect 
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of a heated filament on the transformation of white into red phosphorus, that the latter 
was deposited, not only on the walls of the reaction vessel, opposite the filament, but also 
in parts of the apparatus far removed from the source of the dissociation. It was obvious, 
therefore, since P, molecules were reflected by the walls, that they had a considerable time 
of survival. (This observation was confirmed in later experiments.) Consequently, it seems 
very probable that, as a result of illumination, the surface of the reaction vessel becomes 
more or less covered with a layer of P, molecules produced by the dissociation of P, mole- 
cules in the gas phase and in the adsorbed surface layer. Although production of P, 
molecules will stop on cessation of illumination, yet owing to their partial reflection by the 
walls, they can exist for a considerable time after this. Hence, it might be expected 
that the surface layer of Pg molecules and any phenomenon depending on their existence 
should persist for some time after illumination had ceased. Investigations of the effect 
of surface conditions on the lower explosion limits in many chain reactions have shown 
that in all cases the lower limit is extremely sensitive to changes in the condition of 
the walls (Thompson, Z. physikal. Chem., 1930, B, 10,273; Haber and Alyea, Naturwiss., 
1930, 18, 441; Sagulin, Z. phystkal. Chem., 1928, B, 1, 275). In this connexion, it is 
noteworthy that, after the reaction vessel had been cleaned and dried, a considerable 
number of explosions had to occur in the vessel before a constant value for the explosion 
pressure was reached. A similar phenomenon was observed by Garner and Cosslett 
(Trans. Faraday Soc., 1930, 26, 190) in the oxidation of carbon monoxide. There is no 
reason, therefore, for supposing that the alteration of the surface of the walls, due initially 
to the production of P, molecules, is not sufficient to cause an increase in their reflecting 
power. This, by increasing the length of the chains, would result in a lowering of the 
explosion pressure. 

It has been shown (Fig. 4) that the displacement of the lower limit was much greater 
when mixtures of phosphorus vapour and oxygen were illuminated than when phosphorus 
vapour alone was used; but although the displacement was increased by the presence of 
oxygen, it was independent of the oxygen pressure. This immediately suggested that 
the phenomenon was a surface effect, and led to a possible explanation forit. Illumination 
of phosphorus—oxygen mixtures by ultra-violet light will produce, both in the gas phase 
and on the walls, P, molecules, which can, and do to some extent, recombine on the walls 
with the liberation of energy, eventually giving rise to a visible film of red phosphorus. 
Under these conditions, therefore, it seems certain that in the presence of oxygen, illumina- 
tion will lead to the production of molecules of some lower oxide of phosphorus at the 
walls. The presence of these active oxide molecules (Semenoff suggested that a similar 
oxide was one of the chain carriers in the explosion reaction) would be expected to decrease 
the efficiency of the walls in breaking the chains, and result in the displacement of the 
lower limit; moreover, their existence would depend chiefly on the production and exist- 
ence of the P, molecules; for, although an increase in the pressure of oxygen would be 
expected to increase the rate of production of the oxide molecules, yet it would also 
facilitate their removal by oxidation to some higher oxide which would probably occur 
in the gas phase. On cessation of illumination, the concentration of P, molecules would 
gradually decrease, owing partly to their combination to form red phosphorus and partly 
to their oxidation. Consequently, the active molecules on the surface would eventually 
disappear, thus giving rise to the slow decay of the lowering effect found on cutting off 
the ultra-violet light. 

This explanation is only advanced tentatively, as no quantitative treatment of the 
problem is possible. Furthermore, the experiments carried out have not yielded the 
evidence required for the confident rejection of the other possible explanation of the dis- 
placement of the lower limit, viz., that it is due to an increase in the rate of initiation of the 
chains owing to the production of active centres in the gaseous system by the ultra- 
violet light. In view of the fact that illumination of phosphorus—oxygen mixtures under 
identical conditions with those used above results in a little oxidation of the phosphorus 
vapour, this explanation, although contradictory to the predictions of the theory of chain 
reaction, is quite feasible. In this case, dissociation of P, into P, molecules by the ultra- 
violet light would probably lead to the formation of molecules of some oxide of phosphorus 
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at the walls as before. These molecules would act as initiators by leaving the walls and 
starting chains in the gas phase. Thus illumination would lead to an increase in the 
rate of initiation of the chains which may be the cause of the displacement of the explosion 
limit. The number of initial centres, and hence the rate of initiation of the chains, would 
slowly decrease on shutting off the illumination, thus giving rise to a decay curve. 


Part III. THe INFLUENCE oF ULTRA-VIOLET LIGHT ON THE UPPER LIMIT. 


Although the problem of the upper limit still awaits full elucidation, it is now generally 
accepted that deactivation of the chain carriers by the walls is negligible at this stage, 
rupture of the chains being due probably to collisions between the reactant molecules 
and the carriers in the gas phase. This theory was first suggested in connection with 
phosphine by Dalton (Proc. Roy. Soc., 1930, A, 128, 263). It is obvious, therefore, that 
the upper pressure limit of the phosphorus—oxygen reaction will depend on the balancing 
of two processes, viz., the production of fresh active molecules by the branching of chains, 
and the deactivation process which takes place entirely in the gas phase. For the exist- 
ence of an upper limit the second process must increase more rapidly than the first. It 
was shown in Part II that the lower explosion limit was lowered by the illumination. Al- 
though this effect was traced to the walls, no conclusive evidence was obtained as to whether 
this was due merely to an alteration of the rate of deactivation of the chain carriers owing 
to the altered surface conditions of the walls, or to an increase in active centres on the 
walls themselves. By working with mixtures of phosphorus vapour and oxygen at pres- 
sures above the upper explosion limit, conditions are obtained under which any alteration 
in the conditions of the surface of the reaction vessel would have no effect on this limit. 
Hence any displacement of the upper limit obtained by exposing such mixtures to light 
from a mercury arc must be due in some way to the production of active centres in the 
gaseous system, and not to an alteration in the rate of deactivation of the chain carriers 
at the surface. 


The apparatus used for this part of the work (Fig. 5) was similar in form to that used in 
the experiments carried out at the lower limit. The silica reaction vessel was replaced by 
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a silica test-tube R (8” x }’’) cemented to the apparatus with ‘“‘ Picene”” wax; S was a glass 
reservoir in which phosphorus vapour could be condensed by immersion in liquid air: it was 
shut off from the main phosphorus reservoir, P, by the tap 7,. As the pressures used were 
of the order of 200 mm. of mercury, it was necessary to keep the reaction vessel R and the 
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phosphorus reservoir S in a thermostat. This consisted of a metal box with a 6” x 1” silica 
window W fitted with a shutter, and at right angles to the silica window, a small glass window 
was fitted. With this arrangement it was possible to view R immediately after cessation of 
illumination. The temperature in the thermostat was kept sufficiently constant by passing a 
steady stream of water through it. No heating by the mercury arc was observed. 

Pressures were measured by a capillary mercury manometer M, which was fitted with a 
wide bore tap T, so that it could be shut off from the reaction vessel when desired. The source 
of illumination was a mercury-vapour lamp, L, of the tungsten anode type, fitted with a water- 
cooled mercury cathode, and running on 4 amps. at 100 volts. 

The method used was as follows. A little white phosphorus was condensed over from the 
main phosphorus reservoir into S by immersing the latter in liquid air, and oxygen was ad- 
mitted up to a pressure greater than the upper explosion pressure. The liquid air was removed, 
and the reaction vessel and phosphorus reservoir immersed in the thermostat and left to attain 
the desired temperature. The total pressure was read on the manometer. By opening the 
two-way tap T,; to the pumps, the pressure in R was slowly lowered until finally explosion took 
place, the pressure being read off the manometer. 

After R and S had been pumped out, the reaction vessel was again filled with phosphorus 
and oxygen in the same way as before, but in this case the pressure of oxygen was kept just 
above the upper explosion limit. The mixture was then exposed to short illumination from 
the mercury lamp, and immediately after cessation of illumination, R was viewed to see if ex- 
plosion had occurred, whilst T, was opened to the pumps. This procedure was the only one 
found suitable for testing the effect of ultra-violet light on the upper limit, for it was not 
possible to see any explosion occurring in R or to note the difference in pressure or in the rate 
of decrease in pressure during illumination, so that exposure to the mercury lamp could not 
be carried out whilst the excess oxygen was being pumped off. The pressure of phosphorus 
vapour in R was obtained from the temperature of the thermostat. 

Results.—The results shown below are typical of those from a large number of experiments 
carried out in the above manner. Pressures of oxygen and phosphorus vapour are given in 


mm. of mercury. 
Press. of O, Press. of O, 
Initial at which _[llumin- Initial at which = [ilumin- 
Press. of press.of explosion ation or Press. of press.of explosion ation or 
P. O;- occurred. not. ¥. Og. occurred. not. 
0-012 521 478 No 0-009 528 389 No 
0-012 520 520 Yes 0-009 526 526 
0-012 552 552 Yes 0-009 530 389 
0-012 579 495 No 0-009 516 516 
0-012 579 579 Yes 0-009 526 495 
0-012 550 550 Yes 0-009 542 542 
0-012 581 550 No 0-009 584 584 
0-012 621 468 No 0-009 580 404 


0-012 629 629 Yes 0-009 626 352 
0-009 571 571 


0-009 579 400 


It is seen that illumination of the reaction vessel causes a considerable displacement 
of the upper limit towards higher pressures—a phenomenon not predicted by theory. 
Furthermore, as deactivation of the chain carriers by collision with the walls of the re- 
action vessel is negligible, this displacement must be due to an increase in the number 
of active centres or initiators either in the gas phase itself or on the walls of the reaction 
vessel, due to absorption of the light by the phosphorus vapour. Since only the phosphorus 
vapour can appreciably absorb the wave-lengths of light used, these active centres must 
be P,, P,, or some phosphorus oxide molecules produced from these, and they will result 
in an increase in the rate of production of the chains, an effect which is counteracted by 
an increase in the rate of deactivation of the carriers by increasing the pressure so that 
explosion takes place at higher pressure than under normal conditions. This, however, 
is not in accordance with the predictions of the simple chain theory. 

A possible explanation of the displacement lies in the tentative suggestion put forward 
by Melville and Roxburgh (loc. cit.) to explain a similar displacement of the upper limit 
in the phosphine-oxygen reaction, viz., that, as the upper limit is very sensitive to the 
stationary concentration of one of the chain carriers X, (so that traces of water vapour and 
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changes in temperature exert a comparatively large effect on the upper limit), the limit 
obtained under normal conditions is not the true chain-theory explosion limit, but is 
much lower because the rate of starting of the chains is not sufficiently high for the 
relationship to hold. The displaced limit will therefore be nearer to the true explosion 
limit. 

Owing to the difficulty experienced in obtaining a constant value for the upper ex- 
plosion pressure, the above results could not be definitely confirmed, and consequently 
satisfactory experiments to determine (a) the duration of the displacement, (d) the effect 
on the displacement of altering the intensity of the light, could not be carried out. 


Part IV. THE STABLE OXIDATION REACTION BELOW THE LOWER LIMIT. 


From the preliminary investigations described in Part II, it was seen (Table II) 
that light from a zinc spark, besides displacing the lower critical oxidation limit in phos- 
phorus-oxygen mixtures, also initiated a reaction between these elements at pressures 
where under ordinary conditions no reaction could be observed. Experiments (Melville, 
Proc. Roy. Soc., 1933, A, 139, 555) have shown that a stable oxidation reaction, the kinetics 
of which display a very exact inter-relationship with the kinetics of the explosive reaction, 
can be initiated by a mercury arc (photosensitised reaction) or by a zinc spark (direct 
reaction) below the lower limit in the oxidation of phosphine. Obvious experimental 
difficulties (not encountered with phosphine) lay in the facts that (a) owing to the very 
low pressure of phosphorus vapour, the actual rate of reaction would be very small and 
therefore difficult to measure; and (5) there was shown to be a strongly adsorbed layer of 
phosphorus on the walls of the reaction vessel, so that direct measurements of the change 
in phosphorus pressure in this vessel were impossible. It was decided, however, to carry 
out an investigation of the oxidation reaction, and if possible to determine the kinetics of 
the reaction in order to find the probable relationship between the course of the reaction at 
and below the lower limit. Further, it was thought likely that additional information 
on the initiation of the chains might be obtained. 

Before proceeding to a detailed investigation of the kinetics of the observed oxidation 
reaction, it was necessary to show that it possessed the characteristics of a chain reaction, 
and the most suitable of all the criteria by which this could be recognised in this case was 
the study of the effect on the rate of reaction of the addition to the system of small quantities 
of inert gases; for it would be expected that, if the reaction exhibits chain characteristics, 
the addition of small quantities of gases such as argon and nitrogen would result in an 
acceleration of the rate. 


The apparatus shown in Fig. 5 was modified only in that R now consisted of a silica bulb 
fitted with a series of ground glass joints, so that it could be rotated on its axis and also easily 
removed for cleaning. The experimental procedure consisted in illuminating as before mix- 
tures of phosphorus vapour and oxygen at the known pressures pp, and po,’ respectively, for 
requisite times, T. After illumination had ceased, the pressure of oxygen po,”’ necessary to 
produce explosion in the mixture was measured, and the difference between the sum of the 
two pressures, fo,’ and fo,”, and the normal explosion pressure, fo,, gave a measure of the rate 
of consumption of oxygen. 

In the earlier investigation on the stable reaction below the lower limit, the above procedure 
was carried out with and without the presence of small quantities of argon and nitrogen, and the 
rates of oxidation in these cases compared. The pressure of inert gas was given by an oil mano- 
meter, N, which was shut off from the reaction vessel during experiments to prevent slight 
solution of the gases. 

Now, it was shown in Part II that illumination of a phosphorus—oxygen mixture by the zinc 
spark displaced the lower limit towards lower pressures. This effect was not permanent, but 
disappeared on allowing the illuminated mixture to stand for 3—4 mins. after illumination had 
ceased. In the following experimental work, the reacting mixtures were allowed to stand for 4 
mins. after cessation of illumination, so that by allowing this lowering effect time to decay, 
any error due to displacement of the critical pressure was avoided. This procedure was shown 
to have no effect on the explosion pressure under normal conditions. Trouble was experi- 
enced by the formation during illumination of a reddish-brown deposit on the walls of the reaction 
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vessel; since this was easily removed by heating (which caused inflammation) and also by treat- 
ment with bromine water, it was believed to be red phosphorus. It cut down the intensity of 
illumination considerably. By setting up a square sheet of metal with an aperture of 1-5 
cm. radius immediately in front of the reaction vessel, and rotating the latter on its axis after 
each reading, about a dozen exposures could be made without having to remove the bulb for 
cleaning. 

For most experiments a tungsten anode mercury lamp, with a water-cooled cathode, and 
fitted with a chromium-plated reflector, was found to be more suitable as a source of illumina- 
tion than the zinc spark. As in Part II (see p. 1506), all traces of mercury vapour were excluded 
from the reaction vessel. 

Results.—The results of a number of experiments carried out on the effect of inert gases on 
the rate of the oxidation reaction initiated by ultra-violet light below the lower limit are 
givenin Table VI. During these experiments the intensity and Jength of illumination and pres- 
sures of oxygen and phosphorus vapour were kept constant whilst different pressures of argon 
and nitrogen ranging from 0-0 to 0-057 mm. were added. The pressure of inert gas is given 
in mm. of mercury, and that of oxygen is expressed by the time (in seconds) during which it 
entered the vessel; ZT denotes the period of illumination (in mins.). 


TABLE VI. 


Mercury arc. Pressure of phosphorus = 0-004 mm. Hg. 
From calibration curve: 1 sec. = 6-91 x 10-* mm. Hg. 


Argon. Nitrogen. 
Time Amount Initial Time Amount 
for ex- of O, concn. for ex- of O, 
Press. plosion used Press. losion used 
of A. (secs.).  (secs.). (m of N,. secs.).  (secs.). 
= 71-1 70-8 
0-028 54-4 
_— 39-8 
0-028 26-3 
a 71-0 
0-057 43-8 
— 39-7 
0-057 18-1 
_ 70-5 
0-027 55-2 
—_ 39-6 
0-027 26-0 
— 71-0 
0-057 43-7 
36-4 —_ 39-6 ° 
36-4 0-057 18-3 1l- 


The above tables show that the presence of an inert gas in a phosphorus—oxygen mixture 
results in an acceleration of the rate of oxidation below the lower limit, thus proving that 
this reaction, initiated by the ultra-violet light, is a chain reaction. Argon has a slightly 
greater accelerating effect than nitrogen, as is to be expected, since the smaller mass 
and diameter of the latter are not quite so effective in preventing the reaction chains from 
reaching the walls of the containing vessel. 

Now, although the theory of the kinetics of the explosion limits in the phosphorus— 
oxygen reaction has been satisfactorily worked out, yet in order to apply it to the stable 
reaction, some modification had to be made. Consider the reaction taking place in the 
following stages ; 

(1) Some process by which the chain carrier X, is formed. Let the rate of production 
be F(c). Since there is no appreciable absorption of radiation from a zinc spark by oxygen, 
only X, will be formed spontaneously. 
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(X, is the chain carrier derived from the oxygen molecule, possibly an oxygen atom, whilst 
X, is the chain carrier resulting from the reaction between X, and phsophorus.) 

As the reaction takes place below the lower limit, deactivation of X, and occurs 
on the walls, and it is assumed that the rates at which X, and X, are destroy in this 
manner are the same. If this was not the case, and one chain carrier was more easily 
destroyed than the other, it could easily be shown that the equation for the lower 
explosion limit would be [P,]([{P,] + [0,]) = const. or [O,]({P,] + [O,]) = const., which 
is not in such good agreement with experiment as the equation [P,][O,] = constant. 

Below the lower limit, the stationary concentrations of the carriers are given by 


d[X,] /dé “1. Re[Xp][Oo] et ks[Xo][Pa] hig K[X,] =0 > gaat (11) 


d[X,]/dt = F(c) + ey — k[X][0.] — K[X,] =O . . (12) 
Now F(c) = K([X,] + [Xo]) 
hence [X,] = F(e)/K —[¥,J- . «© «© 2 6 eo e618) 


Ra{P,|F(c) + KF(c) ; 
k,K[Og] -+ RsK[Py] + K? 
If the chain length is great, KF(c) can be neglected in comparison with k,[P,]F(c) ; 
K? can be neglected also, because k,[P,] and &,[O,] are large in comparison with K; k, 
can be taken as equal to ks, since the propagating collisions are assumed to be almost 100% 
efficient. - 
Then [X,] = [PalF()/K((O] + (P]) - - - ~~ (15a) 
Now let K’ = K[O,] + [P,] + [A], 7.e., K’ expresses the efficiency of deactivating 
collision with the walls, [A] being the concentration of inert gas. Therefore 
[X,] = [P,JF(c)/K’ if [AJ =0 . . . . . « (158) 
and — d[O,]/dt = k,[O,][X,] = &,[O,][PyJF(c)/K’ . . « «. (16) 
If J is the intensity of the incident light, then for the direct reaction, F(c) oc I[P,], 
since the amount of absorption is very small. Hence 


— d[O,]/dt oc RefO,J[P,PU/K’ . . . . . . (IY 


Results—Table VII shows a series of results obtained from experiments in which 
the intensity of the light and the pressure of phosphorus vapour were kept constant whilst 
the pressure of oxygen was varied; 7, here and subsequently, is the period of illumin- 
ation. The pressures of oxygen are expressed in seconds (1 sec. = 6-907 x 10 mm. Hg.). 
The constancy of the values of R/[O,]* shows that the rate of reaction is proportional 
to the square of the oxygen pressure. 





and [X,] = (14) 


TABLE VII. 

Press, of phosphorus (mm. Hg) 0-004 0-004 0-004 0-004 0-004 

Press. of O, (S€CS.) ........000000s 30-0 20-0 10-0 37-0 30-0 
T (mins.). Ap (secs.). Ap (secs.). Ap (secs.). Ap (secs.). Ap (secs.). 

0:5 4-0 2-0 0-5 6-2 3-7 

1-0 7-6 3°5 1-4 9-8 78 

2-0 12-2 6-2 2-9 15-0 12-0 

3-0 15+1 8-5 4-2 18-9 15-5 

4-0 17-2 11-0 4-0 20-5 17-1 

5-0 19-0 11-8 5-0 21-9 18-6 

Detttel ante BB 400ccerdssesevvediess 10-0 4-12 1-57 18-0 10-3 
RHO  .cccceceverescvescosevecoseace 0-011 0-010 0-016 0-013 0-012 


Another series of experiments (with the mercury-vapour lamp) is given in Table VIII, 

in which the intensity of the light and oxygen pressure (expressed in the same units as 

in Table VII) were kept constant while the pressure of phosphorus vapour was varied. 

From the values obtained for R/[P,] and ¢[P,], where ¢ is time taken for a pressure change 

of 5-27 x 10° mm. to occur, it is seen that the rate of reaction, — d[O,]/d?, is directly 

proportional to the pressure of phosphorus vapour. 
5F 
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TABLE VIII. 


Press. of O, (secs.) ........+ 30-0 30-0 30-0 30-0 30-0 30-0 
Press. of phosphorus 0-004 0-009 0-007 0-009 0-013 0-004 


T (mins.). Ap (secs.). Ap (secs.). Ap (secs.). Ap (secs.). Ap (secs.). Ap (secs.). 
1 . 2-0 2-5 
3 
3 
6 
6 
10 
10 
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Inspection of equation (17) shows that the rate of reaction should be directly pro- 
portional to the light intensity, 7. Table IX shows results obtained from a series of 
experiments in which the pressures of phosphorus vapour and oxygen were kept constant 
while J was varied by use of a carbon tetrachloride-cyclohexane intensity filter. (Care 
was taken that the exposure was not so long as to cause decomposition of the filter.) 
The constancy of the values obtained for R/IJ shows that the rate is proportional to the 
first power of the intensity. 


TABLE IX. 


Mercury arc. Press. of phosphorus vapour, 0-007 mm. Press. of O,, 55-0 secs. 
1-0 0-71 0-46 0-26 1:00 0-71 0-46 0-26 100 0-71 0-46 0-26 
5-7 3-5 1-9 7-7 5-9 4-1 2-0 7-7 6-0 3-8 2-1 
8-0 7-7 7-3 77 8-3 8-9 7-7 7-7 8-4 8-3 8-0 
From the results shown in Tables VII, VIII, and IX, it is seen that the kinetics of the 
stable oxidation reaction can be expressed by 


— d[O,]/d¢ = R = [O,}*[P,] x J x constant . . . ; (18) 


The chain theory, however, as shown in equation (17), indicates that the rate of reaction 
— d[O,]/dt should be directly proportional to the square of the pressure of phosphorus 
vapour and to the first power of the oxygen pressure. This difference can be explained 
on the following lines, and is suggestive of a possible mechanism for the initiation of the 
chains, Although Semenoff’s theory indicates that the length of chains in the phos- 
phorus-oxygen reaction is proportional to the concentration of phosphorus molecules, 
he himself found experimentally that it was proportional to the square root of this con- 
centration, and this relationship has been confirmed by Melville in his tungsten-filament 
experiments, and by other work on the same reaction. It was suggested, also, that the 
rate of starting of the chains was not proportional to the phosphorus concentration but to 
its square root. Hence, if chain length and the rate of initiation of the chains in the photo- 
chemical reaction are each proportional to [P,]*, then the rate of reaction will be pro- 
portional to first power only, and not to the square of the concentration of phosphorus 
molecules. 

The deposition of red phosphorus on the walls of the reaction vessel during those and 
other experiments suggests that the initial effect of illumination of phosphorus—oxygen 
mixtures by ultra-violet light is the production of P, molecules owing to the dissociation 
of the P, molecules in the mixture. Moreover, illumination of such mixtures in this 
manner results in a change in the condition of the surface of the walls of the containing 
vessel, so it appears extremely likely (although it cannot be proved) that initiation occurs 
on the walls. Gray has shown that initiation of chains in phosphorus-oxygen mixtures 
below the lower limit, by a heated tungsten filament, is due to the combination of oxygen 
molecules with the adsorbed layer of phosphorus on the filament. This resulted in an 
escape from the surface of some lower oxide of phosphorus which is capable of initiating 
chains in the gas phase. Semenoff had previously suggested, however, that the pro- 
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duction of initiators in the explosive reaction was due to a very slow heterogeneous oxid- 
ation of phosphorus occurring at the walls of the reaction vessel. Consequently, it is 
not illogical to suppose that the initiation of chains in the photochemical reaction is due 
to the production of P, molecules, which form at the surface of the walls of the reaction 
vessel some lower oxide of phosphorus, and it is this oxide that actually initiates the chains 
in the gas mixture. As the rate of initiation in this case would depend on the equilibrium 
[P.]? = 2,[P,], this would account for the rate of initiation being proportional to the 
square root of the concentration of phosphorus molecules. 

Doubt may reasonably exist, however, as to whether the equilibrium P, ==> 2P, 
is really established in the presence of oxygen. It might be considered probable that the 
reaction between P, and oxygen would be so rapid that the P, molecules never reached 
the equilibrium concentration, and that the rate of reaction would then be proportional 
to [P,]*®. The range over which the pressure of phosphorus vapour has been.varied 
is not so wide as to exclude this possibility altogether. On the other hand, experiments on 
the production of red phosphorus indicate a considerable life time for the P, molecules, 
and as red phosphorus is actually formed in sufficient quantities to be a nuisance, this 
implies a considerable concentration of P, molecules. 

In addition to this, if the production of one of the chain carriers X, is due to the 
formation on the walls of a lower oxide of phosphorus, and not merely to the dissociation 
or activation of the phosphorus molecules by the ultra-violet light, then the rate of re- 
action would be proportional to the square of the concentration of oxygen molecules, and 
not to the first power as indicated by theory. In the production of the chain carrier X, 
due to absorption of light of intensity J, the rate will be given by F(c) = I[O,][P,]* x const. 
and not by F(c) = I[P,] x const. as indicated by theory. Hence, as the rate of re- 
action is given by — d[O,]/dt = &,[O,][P,]*F(c)/K’ then 

— d[O,]/d¢ = [O,]*[P,]JJ x constant . . . . . (19) 


so that the rate of reaction will be proportional to the square of the concentration of oxygen, 
as was found by experiment. 

Effect of Inert Gases on the Reaction.—Preliminary experiments (Table VI) have shown 
that the presence of an inert gas results in an acceleration of the stable oxidation re- 
action. The following quantitative treatment of the effect of inert gases on the stable 
reaction is based on Semenoff’s expression for the length of reaction chains in the phos- 
phorus—oxygen reaction. In view of the results of previous experimental work, it will 
now be assumed that the reaction is propagated through the gas phase, the chains being 
initiated on the surface of the walls. Then the length of the chains is given by 

bebo [1 + Px/ (br, + bo,)] 
If f(Po,,Pp,) represents the rate of starting of the chains, then the rate of reaction 
— d[{O,]/d¢ will be expressed by 
— dpo,/dt = K’f(bp,.Po,)PePoll + Px/(be,+ bo)? - - - (20) 
where K’ is aconstant. But it has been shown [see (19)] that, if the intensity of the light 
is kept constant, the rate of reaction is given by 
: — dho,/dt = £3,pp, X comstant . . . . . . (21) 
so that the value of f(fo,,pp,) must be independent of the concentration of phosphorus 
vapour. The rate of reaction will now be given by 
— dpo,/dt = K"'Po,pr [1 + Pxi(be,+ bo) - + » - (22) 


But if pp, and d are maintained at constant values, this can be simplified to 
— dho,/dt = Kpo,[1 + Px/(be, + bo]? 
Rearranging and integrating, we have 


a eis dpo, “pe 
CAEN T iat Ret 
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Finally we obtain 
1 bp bx Po 
— Kt = —— (- ++" _ |] , t.. (24 
Pr, + 5A Po, - br, + Px ” Po, + Pr, + 5) oe (24) 


There is a further complication to be disposed of in that x must be multiplied by the 
appropriate inert-gas factor p, in order to correct for the variation of the diffusion co- 
efficient of the chain propagators in the different inert gases. Introducing this correction 
and evaluating the constant of integration, we have for the velocity constant K 


1 Pr bo, Por + Pe, + bx \MPx/ (Pre + mPx) 
= bp, + ubx i bo + 8 (> ‘- sa. + ae) | (25) 


where fo, and fo,’ are the initial and the final pressure of oxygen for a given reaction 
time ?¢. 








Ki = 


A series of experiments was carried out with different pressures of inert gases and various 
times of illumination. The inert gases were argon and nitrogen. Typical sets of results 


Fic. 6. Fic. 7. 
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obtained from these experiments are shown in Table X and also graphically in Figs. 6 
and 7, where Z is plotted against ¢. It is seen from this that the velocity constant calcu- 
lated from the above is independent of the concentration of inert gases. 


TABLE X. 
Argon. 


Press. of A _ Initial concn. Amount of O, Initial concn. of O, 
(mm.). of O, (secs.). used (secs.). Final concn. of O, © 
0-032 40-2 14-0 
0-032 40-2 
0-032 40-1 
0-032 40-0 
0-032 40-1 
0-045 40-1 
0-045 40-0 
0-045 40-2 
0-045 40-2 
0-045 ' 40-0 
0-045 40-3 
0-045 40-1 
0-045 39-9 
0-045 40-1 
0-045 40-2 
0-037 40:3 
0-037 40-3 
0-037 40-2 
0-037 40-3 
0-037 40-2 
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Nitrogen. 


Press. of N, Initial concn. Amount of O, Initial concn. of O, 
(mm.). of O, (secs.). used (secs.). Final concn. of O, 
0-050 35-2 13-2 
0-050 35-2 
0-050 35-2 
0-050 35-4 
0-021 35-2 
0-021 35-2 
0-021 35-2 
0-021 35-2 
0-061 35-0 
0-061 35-1 
0-061 35-2 
0-061 35-2 
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PART V. THE TRANSFORMATION OF WHITE INTO RED PHOSPHORUS 
BY MEANS OF ULTRA-VIOLET LIGHT. 


In Parts II and IV, it was noted that ultra-violet light, besides catalysing the oxidation 
of phosphorus by oxygen, was apparently able to transform white into red phosphorus. 
When phosphorus vapour and oxygen were allowed to combine at slightly higher pressures 
than those used for the study of the stable reaction, however, no red phosphorus could be 
observed on the walls of the reaction vessel. Now, since it has been shown by various 
authors that the conversion of white into red phosphorus takes place through an inter- 
mediate stage, i.e., through the formation of P, molecules, it was suggested that the 
initiation of the chains by ultra-violet light depends primarily on this dissociation of P, 
into P, molecules. It has not, however, been definitely shown that the absorption of 
light by P, molecules results in the formation of red phosphorus. Although it seems 
unlikely, it is possible that the production of red phosphorus may have been a result of 
the initiation of the chains, and not a result of a preliminary stage in the formation of the 
initiators of the chains. 

At room temperatures, red phosphorus has practically no vapour pressure, so that 
the transformation of white into red phosphorus, if occurring at all, would seem to be 
a comparatively simple reaction. The velocity of this reaction could be followed by 
observing the change in pressure with time. Moreover, V, the chain length for any given 
pressure of oxygen and phosphorus vapour, is given by the ratio of the rate of oxidation 
to the rate of dissociation or clean-up of the phosphorus vapour, provided of course that 
the quantum yield be unity. In the following experiments, an attempt was made to 
observe and measure the transformation, and to obtain the value of the above ratio. 


The method and apparatus were similar to those used in previous experiments, except 
that pressures and pressure changes were measured by means of a Pirani gauge. 


Fic, 8. 
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Results.—A few typical runs (Table XI) showed that, as a result of illumination, red phos- 
phorus was deposited fairly uniformly over the surface of the reaction vessel, the deposit being 
thickest, however, opposite the source of illumination. It is seen from Fig. 8 that this 
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deposition occurs approximately according to a unimolecular equation. As the rate of reaction 
was very small, the Pirani gauge readings were not converted into pressures in terms of mm. 
of mercury, but are given in arbitrary units; ¢ is the time (in minutes) required for log p/p) 
to reach the value 0-15, and T the time of illumination, ~, being the initial pressure and p 
that at a given time. 


TABLE XI. 


Pressure of phosphorus vapour = 0-015 mm. Hg. 


Press. of Press. of 
phosphorus phosphorus 
vapour, vapour, 
gauge units. log p/p). _T (mins.). . gauge units. logp/p,. T (mins.). 

1929 _— 2506 —_— 
1708 0-053 2311 0-035 
1523 0-103 2168 0-063 
1408 0-137 1960 0-107 
1213 0-202 1760 0-153 
1008 0-282 2052 —_ 
1634 — 1924 0-028 
1498 0-037 1820 0-052 
1359 0-080 1707 0-080 
1068 0-185 1487 0-140 
727 0-352 1275 0-207 


Table XII gives results obtained from a series of experiments in which various pressures of 
an inert gas, argon, were added to a constant pressure of phosphorus vapour, and the rate 
of clean-up of the vapour measured, the intensity of illumination being kept constant and 
t in this case being the time required for log p/p, to reach the value 0-13. 


TABLE XII. 


Pressure of phosphorus vapour = 0-015 mm. Hg. 


Press. 

T log p/Po, t of A T log p/Po, t 
log p/p». (mins.). T (mins.). (mm.). log p/p p. (mins.). r (mins.). 
0-040 4-0 0-010 . 0-041 6-8 0-006 19-3 

0-068 . 0-000} 13-1 0-094 15- 0.006} ' 
0-091 . 0-009 9: 0-004 
0-055 0-009\ 43.) 0-095 22 0-004 285 

0-085 . 0-009 . 0-051 5: 0-010 
& } 12-8 
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0-037 0-010 0-073 0-009 

0-084 00101 39.9 0-109 = 1 0-010 

0-118 13- 0-009 

0-146 16-6 0-008 

It is seen that addition of an inert gas at considerable pressure decreases the rate of trans- 
formation of white phosphorus into red. It may be concluded that illumination of P, molecules 
by ultra-violet light causes their dissociation into P, molecules, which can combine at the walls 
of the containing vessel to give red phosphorus. The presence of an inert gas would tend to 
prevent the drift of P, molecules to the walls, and thus aid their recombination in the gas 
phase to give P, molecules again. Hence the inert gas should, as was found for certain con- 
centrations of the gas, decrease the rate of clean-up of the phosphorus vapour. However, 
when relatively very small concentrations of inert gas were added, no decrease in the rate of 
production of red phosphorus was observed. This suggests that only a fraction of the P, 
molecules striking the walls form red phosphorus, the remainder being reflected from the surface ; 
so, if the surface of the walls of the reaction vessel acts as a fairly efficient reflector of P, molecules, 
no decrease in the rate of transformation of white into red phosphorus will be noticeable, until 
the rate of diffusion of the P, molecules to the walls is seriously impeded. This is in keeping 
with the experimental results shown in Table XII. Furthermore, these results are in accord- 
ance with the suggestion that the formation of P, molecules is one of the initial stages in 
the initiation of chains in phosphorus-oxygen mixtures at pressures below the lower critical 
oxidation pressure. 
A few preliminary experiments were carried out in order to determine the rate of removal 

of phosphorus vapour in the presence of oxygen on illumination with ultra-violet light, so that 
by comparison with the rate of clean-up of phosphorus vapour under exactly similar con- 
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ditions, some idea of the lengths of the chains initiated in the stable oxidation could be obtained. 
The Pirani method was employed. Oxygen was allowed to enter the reaction vessel (contain- 
ing phosphorus at a known pressure) through a previously calibrated capillary, until the required 
pressure was reached, and illumination was then commenced. After illumination had ceased, 
the phosphorus vapour was condensed out by means of liquid air, and the pressure of oxygen 
measured by taking the corresponding Pirani gauge reading. The oxygen was then pumped 
off, and the phosphorus warmed in a thermostat until the original pressure was reached, the 
Pirani reading again being taken. It was hoped thus to follow changes in pressure of both the 
oxygen and the phosphorus vapour, but although the former change could be measured, the latter 
could not, the pressure readings being very small and rather erratic. This probably was due to 
one or more of the following three possibilities. (i) That the change in phosphorus vapour 
was too small to be measured: this seems to be very unlikely in view of the measurements 
made in the clean-up. (ii) That a considerable quantity of phosphorus from the walls of the 
reaction vessel and side tubes would be condensed out, in addition to the phosphorus vapour, 
by the liquid air; it is possible, therefore, that on removal of the liquid air, the reaction vessel 
would only very slowly return to its original condition, so that pressure measurements would 
be useless. (iii) That the combination of phosphorus with oxygen did not result in its com- 
plete oxidation to phosphoric oxide; in that case some lower oxide with a measurable vapour 
pressure would be formed, so final measurements of the phosphorus pressure would include 
that of this lower oxide and would be inaccurate. 


We wish to express our thanks to the Earl of Moray fund for a grant for apparatus, and to 
the Carnegie Trust for a Teaching Fellowship for one of us. 


[Received, May 28th, 1938.] 





287. Primary Photochemical Reactions. Part X. The Photolysis of 
Cyclic Ketones in the Gas Phase. 
By C. H. Bamrorp and R. G. W. NorrisH. 


The photolysis of the following cyclic ketones in the vapour phase has been 
studied: cyclohexanone, suberone, 2-, 3-, and 4-methylcyclohexanones, menthone. 
cycloHexanone and suberone were found to decompose by Type I reactions, yielding 
carbon monoxide and olefins rather than carbon monoxide and the corresponding 
cyclic hydrocarbons as previously reported by Saltmarsh and Norrish. The origin 
of this discrepancy was sought in a variation of the nature of the hydrocarbon with 
temperature of decomposition without success. It is possible that it may depend 
on wave-length, but this was not elucidated. It is notable that Bawn and Hunter 
found that the trimethylene diradical yields a mixture of cyclopropane and propylene. 
3- and 4-Methylcyclohexanones also decompose mainly according to Type I, but 
in addition a new type is found, resulting in the production of a diolefin and an aldehyde. 
Where possible, a simple Type II decomposition occurs: this is even the case with 2- 
methylcyclohexanone, the primary products of the Type II reaction being methylene 
radicals and cyclohexanone. Menthone decomposes almost exclusively according 
to Type II, forming propylene and 3-methylcyclohexanone. The similarity of the 
Type II reaction undergone by these cyclic ketones to that exhibited by the straight- 
chain carbonyl compounds is strong evidence against the participation of free radicals 
in this type of reaction. 


THE present paper extends our study of the photolysis of the vapours of aldehydes 
and ketones with an investigation of the products of decomposition of cyclic ketones 
in the vapour phase. Previous work (Norrish and Kirkbride, J., 1932, 1518; Norrish, 
Crone, and Saltmarsh, J., 1933, 1533; 1934, 1456; Norrish and Appleyard, ibid., 
p. 874; Bamford and Norrish, J., 1935, 1504) has shown that there are two main types 
of decomposition undergone by carbonyl compounds. Type I consists in a unimolecular 
elimination of carbon monoxide with production of saturated hydrocarbons, and may 
be represented approximately by the following equations : 

For aldehydes : R-CHO —> RH + CO 1 “(l) 

For ketones: R*CO-R’ —> (R, + RR’+R’,)+ COS °° * 
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Type II, on the other hand, leads to the formation of an olefinic hydrocarbon together with 
a simpler carbonyl compound as a result of the cracking of the hydrocarbon chain be- 
tween the «- and the $-carbon atom. This reaction appears to be of general occurrence 
with the higher carbonyl compounds; ¢.g., with methyl m-butyl ketone : 


CH cH CH 
CH,CHyCH,-CH>CO —> CHyCH:CH, + Gy>CO . - 2) 


The following compounds are studied in this paper : /-menthone; 2-, 3-, and 4-methyl- 
cyclohexanones; cyclohexanone and cycloheptanone (suberone). 

The investigation began with the study of /-menthone which, in view of its structure, 
provided an interesting test case for comparing the relative probabilities of the decomposi- 
tions of Type I and Type II, for it had previously been found (Saltmarsh and Norrish, 
J., 1935, 1504) that cyclohexanone itself decomposes nearly exclusively (92%) by the 
former mechanism, yielding carbon monoxide and cyclopentane. With menthone it 
was found that this decomposition gives place almost completely to the alternative Type 
II, the products being propylene and 3-methylcyclohexanone : 


CH-CHMe, CH, 


oN 
H¢ co: H. CO 
HC CH, _—> C;H, 7 H.C CH, . . . . . (3) 


HMe HMe 


The subsequent photolysis of the 3-methylcyclohexanone which occurred, however, made 
it necessary to study the decomposition of this substance in detail, and thereupon un- 
expected differences between 3-methylcyclohexanone and the previous results for cyclo- 
hexanone came to light. For, although in the former case the greater part of the reaction 
(54%) occurred by a Type I change, the hydrocarbon product was unsaturated, and 
consisted of an olefin of the composition C,H,, [equation 4(a)], and not methylcyclopentane. 
Moreover, some 27 % of the reaction could be represented by an alternative course, involving 
an internal splitting of the ring, as in equation 4()). 


CH, CMe,:CH-CH,CH, + CO (54%) (a) 


He ol —> CH,:CH-CH:CH-CH, + CH,CHO (27%) (6) ¢ - - (4) 
2 


Me ~~. 3C,H, + CO (19%) (c) 


These results were sufficiently contrasted to the previous observations on cyclohexanone 
to lead us to a further study of the reactions of these substituted cyclic ketones. It 
first appeared that the introduction of a methyl group into the ring would bring about a 
profound modification in the course of photochemical change, and results obtained with 
2- and 4-methyleyclohexanones have partly substantiated this view. With 4-methyl- 
cyclohexanone a reaction corresponding to 4(b) occurs to an appreciable extent, and with 
all these compounds unsaturated hexenes were always formed by the Type I process, rather 
than methyleyclopentane, which would have been expected by analogy with the earlier 
work. The unexpected character of the results led us to repeat the earlier work on cyclo- 
hexanone, with the result that a discrepancy came to light which we have not been able 
fully to resolve: For, although the relevant analytical data for cyclohexanone in the 
present work check closely with those of the earlier, and although also it was confirmed 
that cyclohexanone decomposes exclusively by a Type I mechanism, yet an unsaturated 
compound instead of the saturated cycloparaffin resulted from the Type I decomposition. 
With suberone also the same discrepancy appeared. The main distinction between the 
olefin and the cycloparaffin lies in their behaviour towards bromine water, and it is on 
this test that the above discrepancy mainly rests. The physical properties of the two 
types of compound are, however, also sufficiently distinct to make discrimination between 
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them possible with accurate working. It appeared possible that the nature of the 
hydrocarbon might vary with wave-length or some other physical factor such as temper- 
ature, and that, for example, although cycloparaffin may be formed when long wave-lengths 
(small energies) are used, yet the olefins may occur more readily with short wave-lengths. 
This we have not been able to substantiate owing to the difficulty of obtaining sufficiently 
strong monochromatic sources but the nature of the products appears to be independent 
of variation of temperature between 0° and 100°. 

Until further and more refined experiments are possible, we reserve our judgment on 
the origin of this discrepancy, and merely express the view that, according to some physical 
factor as yet undetermined, the decomposition of cyclohexanone and suberone is represented 
by the equations : 


co CO + pentene or cyclopentane (87%) ) 


a, oH, 
H,C CH, 


CH, * c++ Gk (13%) J 


CO CO + hexene or cyclohexane (99%) } 
oO i 
ae cr 
2 2 
H,C—CH, CO + 2C,H, (1%) | 


It may be noted in support of this view that Bawn and Hunter, who have recently 
isolated the trimethylene diradical (Trans. Faraday Soc., 1938, 34, 608), have shown it 
to isomerise in two ways, to give propylene and cyclopropane in comparable amounts. . 
They also found that the ratio of the two isomers varied as the pressure of inert gas was 
changed. There can be little doubt that the penta- and the hexa-methylene diradicals 
are produced in our case, and it is not improbable that the extent of cyclisation varies 
with the energy of the photolysing quantum. 

A comparison of the decompositions of these cyclic ketones brings to light the marked 
dependence of the type of photochemical reaction upon small changes of molecular structure. 
The results show clearly, however, that the photolysis can in ‘every case be described in 
terms of Types I and II, together with the “ intermediate” type previously noted for 
methyl ethyl ketone (see Bamford and Norrish, J., 1935, 1504). The last resembles Type 
I in that a carbonyl bond is broken, but differs in that the products are an olefin and an 
aldehyde. In the later discussion it will be termed Type III: 


CH,-CO-CH,CH, —> CH,CHO+C,H, . ... . (7) 


It will appear from the discussion that the intervention of free radicals into the Type II 
photolysis of cyclic ketones is unlikely, just as it has previously been shown unlikely in 
the case of open-chain compounds. 


(6) 








EXPERIMENTAL. 


The apparatus employed has been described previously (see, e.g., Norrish and Appleyard, 
J., 1934, 874). It consisted essentially of a quartz vessel in which the compound being studied 
was refluxed in a vacuum by gentle heating, the vapour being exposed to the full light of the 
mercury arc. The liquid was protected from the light. The reaction vessel was in com- 
munication with a litre globe, wherein collected the greater part of the products, away from 
further light action. After irradiation, the products were divided into fractions according 
to their volatility, by cooling the reaction vessel to a suitable temperature, and distilling off 
any volatile substances in a vacuum. Cooling mixtures employed were liquid nitrogen 
(— 196°), mixtures of liquid nitrogen and alcohol (— 100° to — 120°), solid carbon dioxide 
and ether (— 78°), ice—hydrochloric acid (— 25°), ice at 0°, etc. Gaseous products were 
subsequently removed by a Toepler pump and analysed in a Bone and Wheeler apparatus. 
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Liquids were distilled into weighed tubes, which were then sealed and reweighed. They were 
identified by their physical properties (e.g., f. p., b. p., vapour pressures, and vapour density) 
and chemical reactions. When possible, a crystalline derivative was prepared and its m. p. 
taken. 

The menthone used was a specially purified specimen, kindly supplied by Professor Read 
of St. Andrew’s University. The three methylcyclohexanones were purchased, and purified 
by fractionation. The b. p.’s were: 2-, 162°; 3-, 169°; 4-, 164° (760 mm.). cycloHexanone 
was obtained by purifying the commercial product by means of its bisulphite compound ; 
b. p. 154°. cycloHeptanone was prepared by the method of Mosettig and Burger (/J. Amer. 
Chem. Soc., 1930, 52, 3456) and purified similarly; b. p. 180°. 


1-Menthone. 


The results of three experiments are given below. A specimen run is described fully 
in Table I, while Table II gives only total volumes of products, without further details of the 
analysis. In each case the temperature of the vapour was 80°. 


TABLE I. 


Volumes of products in c.c. of vapour at N.T.P. 
Temp., 80°. Press., 2mm. Irradiation for 95 hours. 


Temp. Methyl- 

of re- cyclo- 

moval. CH,. co. C,H,. CH,°CHO. C;H,. hexanone. C,H. 

—190° 13-2 ae 

—110 20-1 

—110 

—100 

— 78 
0 
0 


£ 
a 


LlTIIIIE 
Ll Itt 


PILI III ee 


SII LILI 


—_ 
=O @ 
ARASS 


0 
Totals 


So 
— 
> 
aw 
S 
i) 
~ 


TABLE II. 


Volumes of products in c.c. at N.T.P. Temperature 80°. 


Pressure Methyl- 
of vapour, cyclo- 
Expt. mm. ‘ CH, C,H,. co. C,H,. CH,°-CHO. C,;H,. hexanone. C,Hj,. 


I 2 , 0:3 0-2 13-2 38-2 6-1 6-4 17-5 12-8 
II 2 , 3-2 2-5 23-6 22-8 2-0 5-0 5-9 9-9 
III 20 0-2 0-2 2-0 15-0 0-7 0-8 13-0 1-6 

The fractions removed at temperatures below — 100° were analysed by the standard 
methods of gas analysis. 

Fraction IIc (Table I), which was pumped off with the Toepler pump, contained a portion 
which was readily liquefied by compression in the gas burette. Pressure-volume measurements 
enabled the vapour pressure of this portion at room temperature to be estimated, and also 
the fraction of the whole which it constituted. The physical properties of the compound 
are shown below, and compared with those of acetaldehyde : 


Liquid from fraction IIc. CH,°CHO. 
700 mm. 
44 


20-2° 
—121° 


The liquid was completely miscible with water, and had the smell and all the reactions of 
acetaldehyde. It was therefore identified with the latter. 

The permanent gas remaining in the gas burette was completely soluble in bromine water, 
and when mixed with oxygen and sparked, exploded as C,H,. 

The fractions removed at — 78° were partly soluble in water. Each was treated in the 
following manner. The liquid was mixed with an equal volume of water, cooled to — 30°, 
and the upper (unfrozen) layer distilled off in a vacuum and weighed. A microcombustion 
and vapour-density determination showed that the distillate was an unsaturated hydrocarbon 





[1938] Part X. The Photolysis of Cyclic Ketones, etc. 1525 


of formula C;H,, and this was in agreement with its chemical properties. The b. p. was sharp, 
and constant at 45° for the whole of the liquid, so it appeared improbable that the latter was 
a mixture of isomers. The only isomers which could reasonably be expected were a- and 
§-methylbutadiene. The latter was excluded because of its low b. p., 35°. The former com- 
‘ pound boils at 44°, which is close to the b. p. of the hydrocarbon under examination. It 
was considered, therefore, that the liquid was «-methylbutadiene, and this conclusion is in 
complete agreement with the remainder of the analysis, as will appear later. 

The aqueous portion remaining behind after removal of the hydrocarbon had the smell of 
acetaldehyde. It restored the colour to Schiff’s reagent, responded to the iodoform test, gave 
a brown-grey precipitate with Nessler’s solution, and reduced Fehling’s solution. It was 
thus identified as a solution of acetaldehyde. 

Fraction IVa had in each experiment a very indefinite b. p.: boiling commenced at 70° 
and continued until over 170°. By treatment with sodium bisulphite solution and subsequent 
distillation in a vacuum it was possible to remove a volatile portion. Microanalysis showed that 
this substance had the empirical formula CH,, and a vapour density measurement gave 84 
as the molecular weight, and consequently C,H,, as the molecular formula. In each case the 
liquid boiled from 67° to 68°, and reacted readily with bromine water. This b. p. is that of 
8-methyl-A*-pentene, and although the evidence is not sufficient to decide definitely between 
the various isomers of the formula C,H,,, the physical properties indicate this to be the most 
probable. 

The bisulphite compound obtained from fraction IVA was decomposed by warm 10% 
caustic potash solution, and the regenerated ketone distilled off in a vacuum and dried by 
calcium chloride. It was removed from the latter by distillation in a vacuum to a tube cooled 
in liquid air, and weighed. The major portion of the liquid boiled between 169° and 170°, 
and appeared to be identical with 3-methylcyclohexanone (b. p. 169°). The oxime melted 
between 41° and 44° in each experiment. That of 3-methylcyclohexanone melts at 43-5°. 

Fractions IVs and IVc were similarly treated with sodium bisulphite solution and thus 
shown to consist mainly of 3-methylcyclohexanone, together with a little menthone. The 
latter does not form a bisulphite compound; this property was made use of in separating it 
from the methylcyclohexanone. 

These results, coupled with those described below for 3-methylcyclohexanone, show that 
the course of photolysis is correctly represented by equations 3, 4(a), (b), and (c). According 
to these equations the following relations should hold between the volumes of the products : 


(1) [C,H,] = [CHyCHO] + [CH 
(2) Total saturated hydrocarbons + [C,H,,] = [CO] 
(3) Methylcyclohexanone + [CH,*CHO] + [CH,] + [C,H,,.] = [C;H,] 


The table below shows that the experimental results are in agreement with these deductions. 


Total satd. Methylcyclohexanone + 
(CH,;-;CHO] + hydrocarbons + [CH,-CHO] + [CH,] + 
Expt. ([C,H,]. [CH,]. [CHy,]. [CO]. (C,H,,]. [CsH,]. 
I 6-4 6-4 13-7 13-2 36-7 38-2 
II 5-0 5-2 19-0 23-6 21-0 22-8 
III 0-8 0-9 2-0 2-0 15-3 15-0 


It is to be noted that no hydrocarbon of the formula C,H,,, which would be produced by 


a decomposition according to Type I, was found; moreover, it could not have been formed 
in appreciable quantities, since the equality expressed in (2) above is found to hold. 


3-Methylcyclohexanone. 


The results obtained are shown below: 


Volumes of products in c.c. of vapour at N.T.P. 
Pressure, 5 mm. Irradiation for 100 hours with full arc. 


Temp. of 

Fraction. removal. co. ‘ CH,. C,H, CH,CHO. C;Hsg. 
I — 190° 20-2 : 0-2 _ — — 

II — 95 -- 1-4 0-7 -— 
III — 78 — 6-6 — 
IV — 25 a — 7:8 
Vv — 0 ; —- — 
Totals . 1-4 7-3 7-8 
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Fraction I was analysed in the ordinary way. Fraction II contained a portion soluble 
in water, and the solution had the smell and reactions of acetaldehyde; the residual gas analysed 
as ethylene. Fraction III consisted of a volatile liquid, with physical properties very similar 
to those of acetaldehyde. The heats of evaporation (calculated from the determined vapour- 
pressure curve) and the b. p. and f. p. of the liquid and of acetaldehyde are given below : 


Fraction III. Acetaldehyde. 


Heat of evaporation, kg.-cals. /mol. , 6-62 

B. p. 20-2° 

F, p. —121° 
The substance also possessed all the reactions of acetaldehyde: in particular it was oxidised 
by hydrogen peroxide to acetic acid, which was identified, after removal of excess peroxide 
with silver oxide, by the production of ethyl acetate on warming with ethyl] alcohol and sulphuric 
acid. 

A micro-combustion performed on fraction IV gave C,H, as the formula for the compound, 
and a vapour-density determination gave M, 67 (Calc.: M, 68). This substance boiled at 45° 
and exhibited typical unsaturation reactions with bromine water and alkaline potassium per- 
manganate. It appeared to be identical with the hydrocarbons found in fraction III in the 
menthone experiments, and for reasons similar to those given previously it was considered 
to be a-methylbutadiene. Fraction V was treated exactly as described for fraction IVA on 
p. 1525, and thus identified as a hexene, probably 6-methyl-A*-pentene. 

These results show that the photodecomposition of 3-methylcyclohexanone follows the 
course of equations 4(a), (b), (c). The photolysis of a small quantity of acetaldehyde accounts 
for the presence of the methane found. The volume relations between the products which 
follow from these equations are borne out satisfactorily by the experimental results. They are : 


(i) (CoHi9) + [(CH,] + $[(C,H,] = [CO] 


Experimentally, the left-hand side of this equation was found to be 15-7 c.c., whereas 20-2 c.c. 
of carbon monoxide were obtained. 


(ii) [CHg-CHO] + [CH,] = [C,H,] 


The experiment shows that the volume of acetaldehyde and methane together was 7°5 c.c. 
This is close to the volume of a-methylbutadiene produced, viz., 7-8 c.c. 


4-Methylcyclohexanone. 


The volumes of the products obtained in an experiment on the photodecomposition of 
4-methylcyclohexanone vapour are given below in c.c. at N.T.P. 


Press., 5 mm. Temp., 80°. Irradiation for 100 hours, with full arc. 


Temp. of 
Fraction. removal. H,. CH,. Co. C,H, CH,°CHO. C,Hs. 

I —190° 0-7 0-25 33-2 — — é 

II —110 — 1-8 — 

III — 80 — 0- 

IV — 80 — — 4: 

V — 30 — — 

VI — 10 — 

Via — 10 — — — — 
Totals “7 0-25 33-2 . 14-8 13-2 


The analyses of fractions I and II call for no special comment. Fractions III and IV contained 
portions which were soluble in water. They were each treated in the manner described 
previously for the third fraction in the photolysis of menthone. The more volatile portion, 
insoluble in water, analysed in each case as C,;H,, and vapour-density determinations gave 
this as the molecular formula. The vapour-density results and b. p.’s are given below: 


Hydrocarbons from Fraction III. Hydrocarbons from Fraction IV. 
35° 35-5° 
67 67-5 


The liquids exhibited unsaturation reactions with bromine water and alkaline permanganate. 
The b. p.’s lie very close to that of isoprene, 35°, and it was considered that the liquids consisted 
of this compound, for this is the only hydrocarbon of formula C,H, which may be reasonably 
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expected to result from decomposition of 4-methylcyclohexanone, and its presence in fractions 
III and IV is entirely in agreement with the rest of the analysis. 

The aqueous portions remaining after the removal of the hydrocarbons had the smell and 
properties of acetaldehyde: the liquids restored the colour to Schiff’s reagent, responded 
to the iodoform test, and gave a brown-grey precipitate with Nessler’s solution. Oxidation 
with hydrogen peroxide, as described above, produced acetic acid, identified as before. Colori- 
metric estimations, using Schiff’s reagent, gave the weights of acetaldehyde present, agreeing 
to within 3% with those obtained by direct weighing, the hydrocarbon being weighed after 
removal, and the aldehyde estimated by difference. 

Fraction V was shown to be a mixture of substances, since its vapour pressure fell steadily 
on fractionation in a vacuum at constant temperature. A microanalysis showed that carbon 
and hydrogen only were present. In view of the fact that the following fractions consisted 
of a hydrocarbon C,Hyj,, it was considered that the liquid was composed of a mixture of C,H,, 
with C,;Hg,, the latter being incompletely removed in Fraction IV. The presence of ethylene 
or other low hydrocarbons was unlikely, since these substances did not appear in Fraction IV. 
A vapour-density determination gave M, 80, and this enabled the proportions of C;H, and 
C,H,, to be calculated. The mixture boiled over the range 40—80°; the b. p.’s of the con- 
stituents are 35° and 68° respectively. The liquid reacted rapidly and cumgieeny with 
bromine water. 

Fractions VI and VIa had a smell characteristic of unsaturated hydrocarbons, and a faint 
trace of 4-méthylcyclohexanone was present also. The latter was removed by treatment with 
sodium bisulphite solution and distillation, in the manner described previously. The distillates 
analysed as CH,, and in each case the molecular weight, determined by measurements of the 
vapour density, was found to be 84. The hydrocarbon was thus C,H,,; it gave the usual 
unsaturation reactions. The liquids boiled between 67° and 70°, and hence probably consisted 
of y-methyl-A*-pentene, b. p. 69-5—71°. The scanty data available for these compounds 
make it difficult to decide definitely whether this was the isomer actually formed; the physical 
properties indicate that it is the most probable. 

The results are in agreement with the following scheme for the photolysis of 4-methylcyclo- 


hexanone vapour. 


co he CHy°CH:C(CH,)*CH,°CH3 + CO (a) 1 


me Ss ly CN ve + CH,:C(CH;)*CH:CH, (6) 


«| 


: CH, ‘ CO 
ee 3C,H, + co (c) J 
This scheme predicts the following volume relations between the products : 
(1) [CO] — [CH] — #{C,Hy] = [C.H,,] 
Experimentally, [CO] — [CH,] — $(C,H,] = 32-3 c.c., and (C,H,,] = 33-4 c.c. 
(2) [CH,-CHO] + [(CH,] = [C,;H,] 
Experimentally, [CH,-CHO] + [CH,] = 15-1 c.c., and [C;H,] = 13-2 c.c. 


The quantitative results thus confirm the above mechanism. 





2-Methylcyclohexanone, 


The results obtained in two experiments with this compound are given below. Experi- 
ment (1) is given in detail, experiment (2) in summary. Volumes are given in c.c. of vapour 
at N.T.P. 


Press.,5 mm. Temp., 80°. Irradiation for 50 hours with full arc. 


Fraction. Temp. of removal. CO. CH, C,H,. CH. C,H,,.. cycloHexanone, 
I — 190° 66-1 3-2 
II —110 -— —- 
III — 80 — — 
IV — 30 — — 
Vv 0 _— —- 
Total, Expt. (1) 66-1 2 
Total, Expt. (2) 100-2 “2 
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Little comment is needed in connection with the analyses given above. It is interesting 
that no aldehyde could be detected in any of the fractions. Fraction III in both experiments 
consisted of a volatile liquid whose vapour pressure fell as successive portions were distilled 
off in avacuum. The liquids therefore contained two or more substances, and in each case the 
following procedure was adopted. The liquid was cooled to — 50°, and the vapour was passed 
through a spiral at the same temperature and condensed in liquid air. It was thus possible 
to distil off a portion which appeared to be a single compound. In both experiments this 
compound micro-analysed as CH, and the vapour density gave M, 69-5. The molecular 
formula was therefore, C;H,). The liquids boiled over the range 39—40°. These properties 
identify the substances as a-amylene, CH,:-CH-CH,°CH,°CHs, b. p. 39°. The vapour density 
measurements were made with a maximum error of 1%; these, and the b. p.’s given above, 
show definitely that the hydrocarbon being examined was C;H,, and not C,H,, as found in 
the preceding decompositions of menthone and 3- and 4-methylcyclohexanone. 

The less volatile portion of fraction III also analysed as CH, in each case. Vapour-pressure 
measurements showed that the liquids were mixtures, however, and molecular weights be- 
tween those of C;H,, and C,H,, were determined. Since the latter hydrocarbon is the sole 
constituent of fraction IV it is justifiable to conclude that the less volatile portion of fraction 
III was a mixture of C;H,, and C,H,,. The proportions of each present were calculated from 
the molecular weights. Fraction III reacted readily with bromine water. 

Fraction IV in each case was a hydrocarbon which analysed as CH,, and had a molecular 
weight of 83-5. Its formula was, therefore, C,H,,. It reacted completely with bromine water 
and therefore was not a cyclic hydrocarbon. Its b. p. was 66°. These properties justify its 
identification with a-hexene, b. p. 67°. 

The fractions removed at 0° were treated with an excess of sodium bisulphite solution. A 
considerable quantity of solid bisulphite compound was produced in each case. The un- 
changed 2-methylcyclohexanone was distilled off in a vacuum. (This ketone, like menthone, 
does not form a bisulphite compound, presumably for reasons of steric hindrance.) On treat- 
ing the solids with a little caustic potash solution an oil was formed, which had the smell of 
cyclohexanone. The whole of the liquid was distilled off, and the water removed by calcium 
chloride in a “‘ vacuum desiccator,” which consisted of an inverted U-tube, with the calcium 
chloride in one limb, and the liquid to be dried in the other. The liquids finally obtained 
were identical with cyclohexanone. The b. p. in each case was 156° and the oximes melted 
at 86-5°. The corresponding figures for cyclohexanone are 156° and 88°. 

The main process in the photodecomposition of 2-methylcyclohexanone is thus a decomposi- 
tion into a-hexene and carbon monoxide. The production of cyclohexanone, however, shows 
that a Type II decomposition also occurs; the complete scheme is shown below: 


CH,°CH,°CH,*CH,CH:CH, + CO (80%) (a) ] 
co 


CO 


Hy UHH, 
a Gh e.. 7iCoHa 
2 2 H.C H, + CH, — 20% (b) 

H, 
H, 
Y 
CO + CH,°CH,CH,CH:CH, 


The small quantities of methane formed are considered to arise from the hydrogenation of 


CH, radicals. 
This scheme predicts the following relation between the volumes of the products : 


(1) [CO] = [CgHys] + [CyHy0] 
(2) 2(C,H,] + [CH,] = cyclohexanone + [C;H,9] 





The experimental figures given in the table below are in satisfactory agreement with these 
equations. 


Expt. [CO].  [(C.Hy3] + [CsHye]. 2(CH,] + [CH]. cycloHexanone + [C,H,,). 


I 66-1 65-8 13-2 15-1 
II 100-2 100-2 23-3 22-8 
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Equations 9 (a) and (b) also predict that in a number of experiments [C,H,,]/V should be 

constant, where V is equal to the sum of the volumes of cyclohexanone vapour and C;H,,5. This 

is the case experimentally; the ratio has the values 4-0, 3-8 in Expts. I and II respectively. 
Thus the quantitative results leave little doubt that equation (9) represents the correct 


mechanism of photolysis. 
cycloHexanone. 


The following results were obtained. Volumes of products are given in c.c. at N.T7.P. 


Press..5 mm. Temp., 80°. Irradiation for 20 hours with full arc. 
Fraction. Temp. of removal. Hy. CH,. co. C,H,y. C,H,. CsHjo. 
I — 190° 0-7 1-0 58-4 — — os 
II —110 —_ —_— — 1-2 0-8 > 
III — 80 —_ — — 1-5 1-9 5-4 
IV 0 — — — —_ — 45-3 
Totals 0-7 1-0 58-4 2-7 2-7 50-7 


The first two fractions were analysed by standard methods of gas analysis. 

Fraction III was a volatile liquid, which microanalysed as CH,. Vapour-pressure measure- 
ments on portions of it showed that it was a mixture, which contained some substance with 
an appreciable vapour pressure at — 90°. The whole of the liquid dissolved readily in bromine 
water. Since fraction IV consisted mainly of C;H,. («-amylene), it was considered that the 
mixture contained C;H,,, ethylene, and propylene, as the last two compounds had been identified 
in fraction II. Observations on the b. p. of the liquid agreed with this idea; most of the 
substance boiled between 38° and 39°, but a more volatile portion with no definite b. p. was 
also present (b. p. of a-amylene, 39°). The mixture was analysed by explosion with excess 
oxygen. For this purpose oxygen was added to a small weighed quantity of the liquid in a 
gas burette, care being taken to ensure that the whole of the liquid was vapourised, and that 
only unsaturated vapour was present. The mixture was then passed into the explosion pipette 
and sparked. The explosion results gave as the composition of fraction III: C,H,, 1-5; C,H,, 
2:0; C 5H, 5:3 c.c. These figures were supported by vapour-density measurements. The 
vapour density calculated for a mixture of the above composition is 56-5, that actually observed 
was 56-0. In order to confirm the presence of ethylene and propylene, a careful fractionation 
was performed. The most volatile portion was drawn off from the mixture cooled to — 80°, 
passed through a glass spiral in a freezing mixture at — 100°, and finally condensed in a small 
liquid-air trap. This consisted of permanent gas; no condensation occurred on increasing 
the pressure in the gas burette to 2 atm. The gas when sparked with oxygen exploded as 
a mixture of approximately equivalent volumes of ethylene and propylene. These experi- 
ments justify the opinion that fraction III had the composition expressed above. 

Fraction IV was also a volatile liquid of empirical formula CH,. A vapour-density deter- 
mination gave M, 71-5. Observations of the vapour pressure suggested that it was a single 
compound, and this was confirmed by the fact that the b. p. was sharp, 38—39°. The molecular 
formula was, therefore, C,H,). The f. p. was difficult to determine, but the liquid set to a 
jelly between — 140° and — 145°. These physical properties are quite different from those of 
cyclopentane, the b. p. and f. p. of which are respectively 49-5° and — 93-3°. Further, it 
was found that fraction IV, both in the gas and in the liquid phase, was readily reactive to 
bromine water. On treating it with excess bromine water, and distilling off volatile products 
in a vacuum at 0°, the dibromide (b. p. 191°) was obtained in 88% yield. It was concluded 
_ that the liquid was mainly a-amylene (b. p. 39°, f. p. ca. — 135°). 

The results show that the decomposition is correctly represented by equation (5) (p. 1523). 
The figures given above show that propylene and ethylene are produced in equivalent 
quantities (2-7 c.c.) in accordance with this scheme, and moreover, that the volume of carbon 
monoxide (58-4 c.c.) is approximately equal to the sum of the volumes of ethylene and amylene 
(53-4 c.c.). 

The experiment was repeated with the vapour maintained at a constant temperature by 
a water-bath. Temperatures of 40° and 80° were used. in a fourth run the decomposition 
was carried out in the presence of 0-5 atm. of carbon dioxide, in an attempt to stabilise any 
cyclopentane which may have been formed. In all cases only the olefin could be identified ; 
there appeared to be no formation of cycloparaffin. By passing the vapour of the latter through 
a quartz tube heated in an electric furnace, it was shown that below about 600° little or no 
isomerisation into the olefin occurs. Above 600° decomposition into lower hydrocarbons takes 
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place. Thus the results cannot be accounted for by isomerisation of cycloparaffin formed 
in the primary act. 
cycloHeptanone. 
The volumes of products (c.c. of vapour at N.T.P.) of photolysis are given in Table III. 


TABLE III. 
Press., 4mm. Temp., 80°. Irradiation for 30 hours with full arc. 
Fraction. Temp. of removal. CHy,. Hy. co. C,H,. C,H. 
I — 190° 1-4 0-5 36-2 — —- 
II —110 — — _ 1-0 _— 
?.. 2 em ee, 


0 —_ — oo 
Totals 1-4 0-5 36-2 1-0 35-2 


The only portion of the analysis which needs consideration here is the examination of fractions 
III and IV. These appeared to consist of the same substance; in each case the liquid had 
the empirical formula CH,, and a vapour density of 83-5. Both liquids were single sub- 
stances, as shown by the constancy of the vapour pressures during fractionation in a vacuum, 
and by the sharp b. p.’s, 67—68°. The compounds readily reacted with bromine water, and 
behaved with alkaline permanganate in a manner typical of an olefin. It was considered, there- 
fore, that fractions III and IV consisted of a-hexene, b. p. 67°. This was confirmed by the 
direct formation of dibromohexane (b. p. 99°/15 mm.) in 90% yield by treatment with excess 
bromine water, and removal of the volatile residue in a vacuum at 0°. 

Thus the decomposition is that represented by equation (6). An inspection of Table III 
shows that the carbon monoxide (36-2 c.c.) was approximately equivalent to half the propylene, 
together with the hexane (35-7 c.c.), as predicted by (6). 


DISCUSSION. 


The photolysis of menthone vapour occurs almost exclusively according to Type II, 
although the subsequent decomposition of the resulting 3-methyleyclohexanone yields a 
number of secondary products. This splitting off of the tsopropyl group is one of the best 
examples of this type of decomposition, and strengthens the contention previously adduced 
that the process is one which does not involve free radicals. In the case of all Type II 
decompositions, the reaction is most simply visualised as a molecular rearrangement. It 
seems clear that when the side chain is suitably placed with respect to the carbonyl group 
this type of decomposition is strongly favoured. This is not the case for the 3- and 4- 
methylceyclohexanones, and consequently the products are more complex. Decomposition 
occurs mainly by Type I, the splitting out of carbon monoxide from the ketone molecule 
leaving an open-chain diradical, which readily changes into the isomeric unsaturated 
hydrocarbon. Toa small extent in each case these radicals also break into simpler smaller 
radicals, which yield ethylene. These two modifications of Type I account for some 70% 
of the total decomposition. The remainder occurs by a process which involves a double 
break in the molecule, with formation of an aldehyde, by a process which is formally a 
combination of Types II and III (see p. 1523): 


ZS 
H-CH, 


Type III reaction appears to be of restricted occurrence, having only been observed pre- 
viously to a very small extent with methyl ethyl ketone. In the case of 2-methylceyclo- 
hexanone a true Type II reaction, with splitting off of a methylene group from the molecule, 
becomes possible, and in agreement with the above views cyclohexanone itself was detected 
in considerable quantity among the decomposition products, while there was also a corres- 
ponding yield of ethylene and methane. With cyclohexanone and suberone decomposition 
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is according to Type I, and similar, but decomposition by Types II or III is completely 
absent. The products show that after elimination of carbon monoxide there is produced 
a straight-chain diradical which, as in the previous cases, isomerises to the olefin containing 
the same number of carbon atoms per molecule. A small proportion of the radicals break 
down to ethylene and propylene (cyclohexanone) or to propylene (suberone). Analytically, 
the above results are identical with the observations previously published on these sub- 
stances (Saltmarsh and Norrish, J., 1935, 1504), but the earlier identification of the main 
hydrocarbon products as cycloparaffin leaves a discrepancy which has not yet been re- 
solved. By analogy with the work of Bawn and Hunter on the trimethylene diradical, 
there may be some special condition favourable to the formation of cycloparaffins which 
has not been reproduced. 

The general conclusion which can be drawn from the above results is that cyclic ketones 
behave similarly to other aliphatic ketones, and that where possible (7.e., when there 
is a side chain suitably placed), decomposition of Type II occurs very readily. In the 
absence of this possibility, decomposition according to Type I with production of olefins 
predominates. With the methyl-substituted compounds a more restricted third type has 
been observed. 


Our thanks are due to the Department of Scientific and Industrial Research, and to 
Trinity College, Cambridge, for maintenance grants to one of us (C. H. B.), and to the Royal 
Society and the Chemical Society for grants for apparatus. 

DEPARTMENT OF PHYSICAL CHEMISTRY, CAMBRIDGE. [Received, May 12th, 1938.] 





288. Primary Photochemical Reactions. Part XI. The Photolysis of . 
Aldehydes and Ketones in Paraffinoid Solution. 


By C. H. Bamrorp and R. G. W. Norrisu. 


A study has been made of the photolysis of a number of aliphatic aldehydes and 
ketones in solution in medicinal paraffin and in isooctane. A differentiation of the 
primary processes into two types (I and II), analogous to those found in the photolysis 
of the vapour, was found. But although Type I in the case of aldehydes (breakdown 
to carbon monoxide and hydrocarbon) and Type II in the case of aldehydes and ketones 
(cracking of the hydrocarbon chain in the af-position to the carbonyl group) remain 
unmodified by any secondary changes in solution, yet the course of Type I in the case of 
ketones is profoundly modified. This results from the fact that the free radicals first 
produced in the latter reaction become hydrogenated at the expense of the solvent 
paraffin at temperatures of 70—100°, with the production of equivalent unsaturation 
in the solvent. Since the hydrocarbons formed in the gas phase result from the 
combination of radicals, the hydrocarbons formed by hydrogenation of the radicals in 
solution are much simpler. A certain amount of aldehyde is produced by the hydro- 
genation of the acyl groups, though this decreases at the higher temperatures owing 
to the instability of the latter. 

At room temperature the photolysis of ketones in solution by Type I reaction is 
completely suppressed. This readily follows from the fact that the hydrogenation 
reaction is strongly temperature-dependent, with the result that at the lowertemperature 
the free radicals recombine by the operation of the Franck—Rabinowitch principle of 
primary recombination; i.e., they find themselves constrained by a shell of solvent 
molecules and are caused to recombine before they can separate or be hydrogenated. In 
conformity with this idea, it is found that those reactions which yield molecules rather 
than free radicals (Type I for aldehydes, and Type II for aldehydes and ketones) occur 
as readily at or below room temperature as they do at 100°. The results completely 
confirm our earlier views as to the mechanism of the photolysis of carbonyl substances. 


PREVIOUS papers of this series, which have been concerned largely with the study of the 
photolysis of aldehydes and ketones in the gaseous phase, have indicated a number of 
5G 
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important conclusions relative to the photolysis of polyatomic molecules. For the 
aliphatic carbonyl compounds these may be summarised as follows. 

Photochemical decomposition occurs over the whole range of the carbonyl absorption 
band, lying approximately between the limits 3300—2000 a. For the longer-wave part of 
the absorption band the life of the excited molecule may be considerable, up to 10~° sec., 
as is apparent from the dual possibility of fluorescence and photolysis in some of the com- 
pounds studied, and in the lower homologues by the sharpness of the long-wave end of 
the spectrum. With decreasing wave-length, however, the life time of the excited state 
becomes reduced, and fluorescence is absent. 

It has become clear that no correlation between diffuseness of the spectrum on the 
one hand, and fluorescence and predissociation on the other, such as is the case with diatomic 
molecules, can be established, a circumstance resulting from the long life period of the 
excited state of polyatomic molecules at the threshold of predissociation, as was first 
pointed out by Franck, Sponer, and Teller. 

As the mass and the number of internal degrees of freedom of aldehydes or ketones are 
increased by the lengthening of the hydrocarbon chains, there arises the possibility of the 
internal degradation of the electronic energy of the excited state. Thus, even though the 
spectrum may be apparently continuous, and there is no fluorescence, the quantum yield 
of photolysis may be small, ¢.g., acetone ca. 0-2, cyclohexanone 0-2. An extreme case of 
this is to be found in crotonaldehyde, whose vapour gives a continuous spectrum without 
any sign of fluorescence or photolysis (Blacet and Roof, J. Amer. Chem. Soc., 1936, 58, 73). 

When photolysis occurs, either free radicals or finished molecules may result. With 
aldehydes and ketones there are two main types of decomposition, which have been referred 
to as Type I and Type II; in the former, carbon monoxide is eliminated with the formation 
of a hydrocarbon or hydrocarbons; in the latter, there is a cracking of the hydrocarbon 
chain in the «f-position to the carbonyl group with the formation of an olefin and a lower 
aldehyde or ketone. Both these types of decomposition can occur concurrently in the same 
substance. In addition, a third type of decomposition has been occasionally observed in 
which an olefin and an aldehyde are formed by a reaction involving cracking between the 
carbonyl group and the « carbon of the aliphatic group; e.g., CH,;-CO°C,H, —> CH,°CHO + 
C,H,. The incidence of this reaction appears much rarer. It has been denoted as 
Type III. 

v The available evidence has hitherto pointed to the conclusion that with aldehydes the 
decomposition of Type I takes place mainly in one act: R-CHO——> RH + CO, while with 
ketones, free radicals are first produced according to the scheme R*CO-R’ —- R’- + R-CO: 
—>R’: + R- + CO, and then unite to form a mixture of the paraffins RR’, RR, and R’R’. 
With acetaldehyde, however, it has been shown that free radicals are formed in increasing 
quantity as the energy of the photolysing quantum is increased (Blacet and Roof, ibid., p. 
278). These conclusions have been verified in a very direct manner by Pearson (see, ¢.g., 
J., 1935, 1151). 

Decompositions of Type II, on the other hand, appear to take place in one act, with the 
primary production of the olefin molecule, ¢.g., CH,*CO*CH,°CH,°CH,-CH, —> 
CH,*CO*CH, + CH,:CH°CH;. This process occurs more extensively with molecules 
possessing long hydrocarbon chains ; it is indicative of a remarkable transmission of energy 
from the chromophoric carbonyl group, which is the seat of the light absorption, to a point 
some distance away where reaction occurs. 

In the present and the following papers we describe a confirmation of the above 
conclusions, which puts them beyond the possibility of reasonable doubt, and disposes of 
various objections which have been raised. This confirmation is afforded by a detailed 
study of the photolysis of aldehydes and ketones in paraffinoid solution, and a comparison 
with the results already reported for their photolysis in the gaseous state. It is found that 
in such circumstances, free radicals if produced are readily hydrogenated at the expense 
of the paraffin if the temperature is above 70°, but at lower temperatures the rate falls off 
rapidly. Thus, with methyl ethyl ketone, methane, ethane, and carbon monoxide are 
produced by photolysis in solution in medicinal paraffin or isooctane, as compared with the 
ethane, propane, butane, and carbon monoxide produced in the gas phase. It is to be noted 





Tr nS we Owe OW cr \ew Ne ON \y rm» I oe > ve 


| | 


[1938] Part XI. The Photolysis of Aldehydes and Ketones, etc. 1533 


also that there is a deficiency of methane and that acetaldehyde can readily be detected 
among the products. Thus, reactions:of the following type occur : 


CH,°CO-C,H, —> C,H,° + CH,°CO- 

CH,*CO- —_ ch, + CO 

CH,: + paraffin — xe + paraffinoid radical 
C.H,° + paraffin ¢ + paraffinoid radical 


CH;° “CO + paraffin— > = i! ‘CHO + paraffinoid radical 


In confirmation of this, a nearly equivalent amount of unsaturation can be titrated in the 


paraffinoid solvent after the removal of the products and the original ketone. It may be 
concluded that the large paraffinoid radicals produced by the above reactions exchange 
hydrogen freely with other paraffin molecules, until, when two radicals meet, this exchange 
results in a disproportionation and the production of an olefin; ¢.g., 


Cr»H gn +a C,Hon +1—> CrHon a CrHon +2 


Similarly, from di-n-propyl ketone, propane is produced in paraffinoid solution, whereas 
hexane alone is formed in the gas phase. These observations are extended in an analogous 
way to other ketones, all of which show quite clearly that free radicals are produced by the 
primary process, and are then hydrogenated in solution at and above 70°, whereas in the gas 
phase they combine together to form the double radical hydrocarbons. 

At room temperature, however, the free radicals are not hydrogenated by reaction with 
the solvent. There results a sharp drop in the reaction rate, and the photolysis is 
practically inhibited. For example, it is shown in the succeeding paper that the quantum 
yield of the photolysis of di-n-propyl ketone by Type I process in solution falls from ca. 
0-3 at 70° and 100° to something less than 0-01 at 15°. This is sharply contrasted with the 
results in the gas phase, which show no such drop in quantum yield at room temperature. 
The other ketones studied give similar results; in all cases their decomposition is practically 
inhibited at room temperature. The explanation of this behaviour is found in a theoretical 
principle first enunciated by Franck and Rabinowitch (Trans. Faraday Soc., 1934, 30, 
120), but hitherto without much experimental confirmation. According to their principle, 
two particles in contact in solution will make on the average 2 or 3 subsequent collisions 
before separating owing to the confining action of the solvent molecules. Thus free 
radicals or atoms liberated by a primary act are virtually caged together by the solvent 
molecules, and will almost inevitably recombine, unless they are stabilised by some 
secondary process before this can occur. 

In the present instance, the two free medicals produced are a paraffinoid and an acyl 
radical. Stabilisation may occur at the higher temperatures, 70—100°, either by hydro- 
genation as already described or by decomposition: RCO»-—-> R-+ CO. Both these 
processes are, however, temperature-dependent, and at room temperature are so slow as to 
allow the recombination principle to operate powerfully. The free radicals almost 
invariably recombine, with the consequent inhibition of the photolysis. 

With aldehydes, Type I reaction has also been found to occur in solution, but in this 
case there is but little unsaturation to be observed in the solvent; nor is any inhibition of 
the reaction in solution at room temperature to be detected—indeed, a ready decomposition 
of tsovaleraldehyde occurs even as low as — 80° in medicinal paraffin solution. These 
results show clearly that the aldehyde is decomposing mainly into molecules and not free 
radicals; for in these circumstances the principle of recombination would not operate, nor, 
since there are but few free radicals to react with the solvent, should we expect to find much 
unsaturation. Thus the earlier conclusion that the aldehyde under these conditions tends 
mainly to decompose to molecules in one act is confirmed. 

Similar confirmation is obtained of the mechanism of photolysis according to Type II. 
With both aldehydes and ketones this has been found to occur in paraffinoid solution 
exactly as in the gaseous phase, yielding identical products and with a velocity that is but 
little changed. For example, it is shown in the next paper that the quantum yield of 
decomposition of di-n-propyl ketone according to Type II is nearly the same in solution 
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(0-20 at 68°) as in the gas phase (0-30 at 74°) and that it is only slightly affected 
by temperature. 

Thus the circumstances attending the incidence of photolysis according to Type II are 
sharply contrasted with those associated with the incidence of Type I in ketones; it is 
clear, in view of the absence of any inhibition at room temperature, or of any equivalent 
unsaturation in the solvent, that a mechanism involving free radicals is excluded and that 
the process must take place in one act according to equation : 


R-CH,CH,‘CH,-COR’ —> R-CH:CH, + CH,*COR’ 


It is noteworthy that acetone forms the one exception to these results, for whereas it 
decomposes normally in the gas phase, no decomposition could be observed in decalin 
solution up to temperatures of 80°; rather, there is preferential reaction with the solvent, as 
shown by Bowen and Horton (J., 1936, 1685). 

With this exception, we see that the primary act of photolysis, whether it be of Type I 
or Type II, is not materially influenced by the paraffinoid solvent, but that if free radicals 
are produced the course of the reaction may be profoundly modified by secondary reactions 
of the radicals or by the operation of the principle of recombination. It is evident that 
we have here a powerful tool for the detection of free radicals in a primary photochemical 
change. 

Another matter of importance emerges at this point, viz., the origin of the low quantum 
yield of photolysis in the region of continuous absorption. Except in the case of the 
first two or three homologues of acetaldehyde, this is in no way connected with polymeris- 
ation, which, both with cyclohexanone and di-n-propyl ketone, has been shown to be 
negligible in amount. We have from time to time expressed the view that the inefficiency 
of the yield is rather to be ascribed to a process of internal degradation of energy of the 
excited molecules to vibrational and rotational energy associated with the numerous 
internal degrees of freedom of the polyatomic molecule. Against this it has been contended 
that the low yield is better explained by recombination of free radicals and by thermal 
degradation of excited molecules due to collision. Now, if recombination were the 
important factor, this explanation is greatly strained in the case of crotonaldehyde, where 
the quantum yield is nearly zero. It is also strained in the case of other ketones where 
there is good evidence that the acyl radical at temperatures above 70° decomposes 
spontaneously before it can make other collisions. Similarly, if deactivation by collision 
were the important factor, the quantum yield should depend markedly on pressure or the 
presence of inert gases, which is not so. It has not hitherto, however, been possible to 
distinguish unequivocally between these different possibilities. Our present results make 
such a decision possible. In a paraffinoid solvent above 70°, recombination cannot be 
the factor controlling the quantum yield, because, as we have seen, the free radicals react 
preferentially with the solvent molecules, and in those cases where it has now been proved 
that finished molecules result from the primary act, no such recombination is possible ; 
the conditions under which recombination of radicals affects the process in the solution 
are clearly defined and predictable and lead to complete inhibition. Thus, the fact that, 
except where the principle of recombination operates, the quantum yield is very nearly 
the same in the gas phase as in solution, shows that the same major factor is operative in 
causing the low quantum yield in both cases. For obvious reasons this cannot be ascribed 
to degradation by collision—the quantum yield is nearly independent of the collisions of 
the solvent. We are left with the process of internal degradation, which alone can operate 
unchanged as we pass from gas phase to solution. That this is indeed the major factor can 
be seen by the fact that the quantum yields of Type I and Type II photolysis in the case of 
di-n-propyl ketone are reduced by only 19% and 38% respectively as we pass from gas to 
solution at 100°. It would seem that this is the proportion of deactivation which can be 
ascribed to external collision. 

That internal degradation must be a quantised process is admitted; it may be asserted, 
however, that in view of the number and closeness of the vibrational and rotational levels 
in such large polyatomic molecules all possibility of structure disappears after the first 
few homologues have been left behind. This is beautifully shown by a comparative study 
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made by Professor Leighton of the structure of the absorption band of the carbonyl group 
in the lighter aldehydes (private communication) : a progressive diffuseness of structure 
sets in, ending in continuous absorption, as the polyatomic molecule becomes more and 
more complex. 


EXPERIMENTAL. 


Procedure.—The apparatus used is illustrated in the figure, and is adapted from the type 
employed in the earlier work. It is suitable for the study of decompositions both in the vapour 
and in the liquid phase: when used for the latter the mode of operation was as follows. The 
liquid was contained in the quartz tube A, and could be maintained at any desired constant 
temperature by a water jacket not shown in the diagram. After introduction of the liquid 
into A, the latter was cooled in liquid air, and the apparatus completely evacuated by a two- 
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stage mercury-diffusion pump backed by a Hyvac pump; A was then warmed to the desired 
temperature, and irradiation started. The wide tube B, containing vapour of the carbonyl 
compound, was protected from the light. At the conclusion of the run the liquid in A was 
frozen, and the vapour in B condensed by cooling A in liquid air, following which any permanent 
gases produced were pumped off by the Toepler pump through two traps H, and Hy, also in 
liquid air. These gases constituted Fraction I. If medicinal paraffin was being used as a 
solvent (as was usually the case), A was next warmed to about 100°, and all volatile product 
completely distilled into the trap H,. The paraffin is practically non-volatile at this 
temperature. Further fractionation was then performed by means of a series of different 
refrigerants. Convenient temperatures for the latter were found to be — 100° (liquid nitrogen— 
alcohol), — 78° (carbon dioxide—ether), 0°. At each temperature all volatile compounds were 
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removed. In this way the products were separated into several fractions, as shown for the 
specimen run on methyl ethyl ketone in Table I. 

Gases were analysed by standard methods, a Bone and Wheeler apparatus suitable for 
dealing with small quantities of gas being used. The volumes of gases produced at the lower 
temperatures were frequently quite small. They were measured accurately by expanding the 
gases into a previously calibrated volume, and measuring the pressures exerted. Since the 
latter were of the order of 100 mm., they could readily be determined with sufficient accuracy. 
Liquid products were not pumped off, but were distilled directly into small weighed tubes 
attached by rubber connections to the outlet L. These tubes were subsequently sealed and 
reweighed. The liquids were identified by means of their physical and chemical properties. 

When all volatile products and unchanged carbonyl compound had been distilled off, the 
non-volatile paraffin remained, and in many cases was found to have developed unsaturation 
during photolysis. This unsaturation was measured as follows. The residue was shaken 
several times with concentrated aqueous sodium bisulphite to ensure complete removal of 
reactive carbonyl compounds, then washed with water, and made up to a known volume with 
pentane. Measured volumes of this liquid were mixed with excess n/50-bromine water and 
kept for one hour in the dark. Excess potassium iodide was then added, and the liberated 
iodine titrated with n/100-thiosulphate in an atmosphere of carbon dioxide. Blank experiments 
were performed upon the mixtures of the original aldehyde or ketone and paraffin, the 
irradiation being omitted. In all cases it was found that the correction estimated in this way 
was very small. It is possible that in the case of the aldehydes the unsaturation was slightly 
overestimated on account of the presence of polymerised products in the paraffin residue. 
These would not be completely removed by the treatment with bisulphite and would probably 
be reactive to bromine water, and thus estimated as unsaturation. The figures given therefore 
represent the upper limits to the amount of unsaturation. The effect would be of much less 
importance with the ketones on account of their much lower tendency to polymerise and the 
non-reactivity of the polymer formed. 

The medicinal paraffin used in these experiments was purified by shaking for some hours 
with sulphuric acid, washing with water several times, and then heating to about 100° in a 
vacuum to remove water and other volatile substances. The purified paraffin showed practically 
no absorption above 2350 a., but beyond this wave-length a weak absorption was observable. 
The mercury arc used emitted comparatively little energy below 2350 a. The 10% solutions of 
the carbonyl compounds, on the other hand, exhibited intense absorption bands beyond 3100 
A.; hence, the light absorbed by the solvent in the solution is quite negligible. The possibility 
of reactions produced by light absorption by the solvent was also investigated by irradiating the 
latter alone, under similar conditions to those used in the experiments to be described. There 
was no perceptible change after 5 hours; no gas was evolved, and no unsaturation developed. 


Results. 


In the following tables the collected results are given for the decomposition of the following 
compounds in paraffinoid solution: methyl ethyl, diethyl, methyl u-butyl, and di-n-propyl 
ketones, and acetaldehyde, »-butaldehyde, isovaleraldehyde, and crotonaldehyde. A specimen 
run for methyl ethyl ketone is set out in Table I; the details of the run are shown, indicating 
the different fractions into which the products were divided. In subsequent tables only the 
final results are given, volumes of products being expressed in c.c. at N.T.P. 


Ketones. 


Acetone.—This substance proved exceptional, and was the only ketone hitherto studied 
which gave no gaseous products on irradiation in solution. This was the case at room 
temperatures in cyclohexane solution, and at 70° in decalin. This is in accord with the findings 
of Bowen and Horton (J., 1936, 1685), who showed that, apart from slight reaction with the 
solvent, acetone is strongly resistant to photolysis in solution. The significance of this will be 
discussed later. 


Methyl Ethyl Ketone.—In the full light of the hot arc there is only a very slow decomposition 
at room temperatures, ethylene being evolved. Between 60° and 100°, however, decom- 
position becomes rapid, and occurs mainly according to Type I. The gases evolved are 
predominantly methane, ethane, and carbon monoxide, together with small quantities of 
ethylene. The collected results are shown in Table IT. 





a ee ee ee a a ee ae ee ee ee 








1537 






[1938] Part XI. The Photolysis of Aldehydes and Ketones, etc. 






_ TABLE I. 


Specimen run for methyl ethyl ketone. 
A 10% solution in medicinal paraffin was employed. Irradiation for 4 hours, with the full light of 
the hot mercury arc. Temperature 63°. 
Unsaturation developed 











Frac- Temp. of , in solvent 
tion. removal. co. CH,. C,Hg. C,H, CH,°CHO. (c.c. of olefin). 
I — 190° 10-0 10-0 — _ — _ 
II — 100 — _ 41-8 3°7 _ —_ 
III — 78 — _ — — 14:4 ait 
Totals 10-0 10-0 41-8 3-7 14-4 29-6 















TABLE II. 


Photodecomposition of methyl ethyl ketone in paraffinoid solution. 


Full light of hot mercury arc used in all cases. Concentration of solution, 10% by volume in 
medicinal paraffin. 















Time of . Unsaturation 

irradiation (c.c. of olefin Yields per hr. 
Temp. (hrs.). Co. CH, C,H,. C,H, CH,°CHO. at N.T.P.). C,H,. C,H,. 

20° 4-00 0-4 0-4 2-4 4:8 Present — 0-6 1-2 
63 4-67 10-0 10-0 41-8 3-7 14-4 29-6 9-65 0-85 
70 2-42 6-5 6-7 24-5 1-9 Present Notestimated 10-1 0-80 
75 1-42 4-5 4:7 14-5 1-1 4-4 ” 10-3 0-75 
90 1-20 6-5 6-2 13-0 0-8 Present pe 10-8 0-65 
2-00 6-8 16-9 22-2 1-2 2-5 - 11-1 0-60 









It will be seen that, although in general the methane and carbon monoxide are equivalent, 
yet there is a high excess ofethane. This excess is bound up with the production of acetaldehyde 
in considerable quantities, and with the formation of small quantities of diketone which was 
detected in each experiment by the use of o-phenylenediamine, but not analysed. The 
acetaldehyde was isolated in a pure state by careful fractionation in a vacuum at — 78°. The 
b. p.’s and f. p.’s of the liquids obtained were 20—22° and — 120° to — 124° respectively in all . 
the experiments, while the corresponding figures for acetaldehyde are 20-2° and — 121°. In 
each case the substance was miscible with water, and had the characteristic smell and reactions 
of acetaldehyde. The origin of the methane and ethane and of most of the acetaldehyde must 
be ascribed to the hydrogenation of CH,*,C,H,°,and CH,*CO* radicals by the solvent, but a little of 
the acetaldehyde, in view of the presence of ethylene, must have resulted directly, as is the case 
in the vapour-phase photolysis (Norrish and Appleyard, J., 1934, 807), by the alternative 
reaction C,H,*CO*CH, —-> C,H, + CH,°CHO. The hydrogenation of radicals was confirmed 
by a residual unsaturation which developed in the paraffin solvent and was measured as 
previously described after the volatile products and unchanged ketone had been removed. 
The results are simply explained by the following scheme. 


_—7 CH,;'CO: + C,H;° (Type I; ca. 93% at 100°) 


















(a) CH,°CO-C,H, 





"3. CHyCHO + C,H, (Type II; ca. 7% at 100°) 
(b) CH,*CO»—> CH, + CO 

(c) CH,-CO* —» 3(CH,’CO), >(1) 
(d@) CH,*CO* + C,Hon,,—> CH,°CHO + C,Hy,»,,° (hydrogenation by solvent) 
(e) CH, + C,Hon,. —> CH, + C,H,,,,° (hydrogenation by solvent) 















(f) CeHs* + CrH ene —> CoHe + CaHenss° ( do. ) ; 
(g) 2C,Hensi* —> CaHen + CrHenis 
The analytical figures show that, although all these reactions occur, their relative importance ; 





depends upon the temperature. For instance, the higher the temperature the greater the 
relative probability of 1(b) as compared to 1(c) and (d). The large excess of ethane over methane 
shows that the primary reaction involves the ejection of the ethyl rather than the methyl 
radical; the methyl radicals formed must thus mainly originate from subsequent decomposition 
of the acetyl radicals according to (b) above. This is in accord with the reluctance of methyl 
groups to split directly from acetone in solution. The values of the yields per hour show, 
further, that whereas the production of ethane (i.e., Type I) is subject to a marked temperature 
coefficient, that of ethylene (Type II) has only a very small negative temperature coefficient. 
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According to the scheme above, there should be an approximate relation between the volumes 
of hydrocarbons and the acetaldehyde formed, and the corresponding unsaturation produced 
by the hydrogenation reactions. It follows that if the unsaturation be measured in c.c. of 
olefin at N.T.P., then 


unsaturation = $(CH, + C,H, + CH,;°CHO — C,H,]). 


That this is approximately true is shown by the value of 29-6 c.c. for the unsaturation recorded 
in Table I, as compared to the value 24-1 calculated as above. 

Diethyl Ketone.—Two experiments at 100° were performed with 10% solutions in medicinal 
paraffin. In each case irradiation was carried out with the full light of the hot arc. 


Analytical results for diethyl ketone. 

Period of irradiation (hrs.). CO. CH,. C,H,. C,H,. C,H. 

1-25 24-1 1-1 40-3 3-2 5-5 

1 (lower intensity) 14-5 0-3 25-0 1-9 3-0 
The results in the main are similar to those for methyl ethyl ketone. The predominant | 
hydrocarbon product is ethane, small amounts of methane and ethylene also being formed. 
Positive results were obtained when the residues were tested for unsaturation, aldehydes, and 
diketones, but the amounts of the last two substances appeared to be much less than in the 
case of methyl ethyl ketone. This is reflected in the closer correspondence of the figures for 
CO and $C,H, + C,H,,. It is probably to be ascribed to the fact that C,H,-CO radicals have 
a lower stability than CH,-CO, and more readily undergo spontaneous decomposition into ethyl 
radicals and carbon monoxide. The experimental results are satisfied by the following scheme 

of reactions : 


we: _— GHy + CH,CO (Type 1) 

CO : 

CH ~~» GH, + GHyCHO (Type II) 

C,H,’ + CO 

C,H,°CO* —__-» C,H,°CHO (hydrogenation by solvent) 
(C,H°CO), 

7 C,H, (hydrogenation) 

8 ICH 


The origin of the methane obtained is not clear. It is produced, however, only in very 
small quantities, presumably by a secondary reaction liberating a few methyl groups. It 
may be calculated that, at 100°, approximately 87% of the decomposition occurs according 
to Type I, the residue involving the rupture of the molecule into ethylene and propaldehyde. 

Methyl n-Butyl Ketone.—As in the gas phase (Norrish and Appleyard, J., 1934, 807), so in 
solution, methyl -butyl ketone decomposes almost exclusively according to Type II. The 
results are given below. 


C,H," 





Analytical results for methyl n-butyl ketone. 
Period : Unsatur- Yield 
of irradi- ation (c.c. per hr. 
ation Wave-length, of olefin at of 
Temp. (hrs.). A. co. a ct. cm Sse. ‘Gee 
18° 40 2536 ca.0-05 ca.0-05 ca.0-05 7-0 0-2 (0-2) 
20 20\ Full light of 0-2 0-2 0-3 30-0 0-3 1-5 
85 20) hot Hg arc 0-9 0-9 0-9 21-7 1-0 1-1 4-1 
No diketone or aldehyde could be detected in any of the experiments. It will be seen that 
at room temperatures very small amounts of carbon monoxide, methane, and butane are 
produced, and the results are the same whether the full light of the hot mercury arc is used, 
or the radiation (mainly 2536 a.) from a lamp with cooled electrodes, The same is true at 
85°, although there is a slight tendency for the amount of decomposition according to Type I 
to increase as the temperature is raised. It will be noticed that the effect of temperature on 
the Type II reaction is quite small. In accord with the almost complete absence of Type I, 
there is only a feeble development of unsaturation in the solvent, and this is roughly equivalent 
to the amount of Type I decomposition. 
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The results obtained with the last three ketones show quite clearly that the production of 
unsaturation is associated with the Type I reaction, but not with Type II. This proves that 
free radicals are produced in the former but not in the latter. 

Di-n-propyl Ketone.—The results obtained are in accord with those recorded for previous 
ketones, but are somewhat more complicated because di-n-propyl ketone is capable of under- 
going both Type I and Type II decompositions. This ketone has been studied in greater 
detail than the others, since it provides a means of investigating the effect of varying conditions 
of temperature and concentration upon both types of decomposition simultaneously. The 
results are given in Table III. 

As in the cases of methyl ethyl, diethyl, and methyl -butyl ketones, it is clear that the 
primary act is the same in the liquid and vapour phases. Thus, Type I leads to the production 
of alkyl and acyl radicals, which react in a manner similar to that already described under 
methyl ethyl and diethyl ketones, for whereas in the gas phase the propyl radicals combine 
to form hexane, in solution they are instead rapidly hydrogenated to propane. Over the whole 
range of temperatures there is a departure from a 2 : 1 ratio of the quantities of propane to carbon 
monoxide, the former being in considerable excess except at the highest temperatures where 
there is a slight deficiency. This deficiency of carbon monoxide may be accounted for by the 
hydrogenation of the acyl (C,H,-CO) radical to form an aldehyde, and also by its dimerisation 
to the diketone, (C;H,-CO),; for in all cases the presence of an aldehyde and an aa-diketone 
could be detected in the solution after irradiation, the former by the rapid colorations produced 
when the liquids were shaken with Schiff’s reagent, and by the reducing properties exhibited 
towards Fehling’s solution, and the latter by the yellow colour developed by the solution at 
the lower temperatures, and its characteristic reaction with o-phenylenediamine. No diketone 
could be detected at 100°. The ratio (unsaturation, measured in c.c. of olefin) /(one-half propane 
produced) is shown in Table III to be approximately unity. At the lower temperatures, how- 


TABLE III. 


Analytical results for di-n-propyl ketone. 


Solutions in medicinal paraffin were used. The full light of the hot arc was employed except in 
the final experiment at 100° (marked *), which was carried out with 2536 a. light. 


Time of Unsatur- ; 
Con- __irradi- ation (c.c. Yields per hr. 
centra- ation C,H,-—CO. of olefin Unsatn. 
Temp. tion. (hrs.) . co. C,Hg. C,H,. CjH, at N.T.P.) . 4C,H, C,H, _ co. C,Hy,. 
oe 10% 9-67 0-93 8-77 98-5 0-07 5-00 1-23 0-76 10-2 
5 i 6-25 1-05 8-38 62-5 0-12 —- —- 1:17 10-0 
10 - 6-50 1-84 13-28 64-0 0-18 — -- 1-76 9-9 
15 a 4-67 2-10 14-0 45-2 0-26 6-15 1-15 2-54 9-7 - 

20-5 ai 8-25 5-45 32-5 28-3 0-34 20-0 1-23 3-80 9-5 
30 es 3-25 4-35 24-2 29-8 0-67 —_ — 6-11 9-2 
40 ee 4-50 9-36 47-5 40-4 0-94 — — 8-48 9-0 
55-5 - — 16-5 65-0 42-0 1-16 —_ — —_— _ 
60 am 2-42 10-8 32-9 19-6 1-13 19-8 1-20 9-13 8-1 
60 1% 300 8=12°3 38-5 22-7 1-15 == — 8-73 7-9 
60 50% —_— 5-7 16-8 10-5 1-06 — = _ — 
60 100% _— 7:3 23-4 13-0 1-23 — — —_ — 
68 10% _ 19-4 40-6 21-3 1-00 _— _— — — 
85 pe 2-50 24-9 45-0 18-5 1-09 24-8 1-10 8-04 7-4 
100 t 1:17 15-4 24-5 8-2 1-11 11-4 0-93 7-78 7-0 
100* és — 6-5 10-3 3-3 1-15 5-2 1-01 —_— _- 


ever, it is rather larger, in agreement with the view expressed above that acyl as well as alkyl 
radicals are hydrogenated by the solvent. The main reactions occurring during photolysis 
may thus be represented as follows : 


C,H,* + *CO-C,H (Type I) } 
(a) CyHypCOCH, ive 
ss C,H, + CH,°CO°C,H, (Type Il) 
(6) C,H,CO» —> C,H,° + CO (3) 


(c) CsH,*CO* —> 3$(C,;H,°CO), 

(d) CsH,CO* + C,Honig —> C3H,°CHO + C,Hoq,,° (Hydrogenation by solvent) 
(e) C,H, + CyHenyg —> CsHy + CaHen+1° ( do. ) 

(f) 2CyHen1° —> GaHen + CrHenss 
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The lower the temperature the less the relative importance of the decomposition reaction (b) 
as compared with the dimerisation and hydrogenation reactions (c) and (d); consequently, the 
larger the ratio C;H,/CO. On the other hand, at high temperatures the decomposition occurs 
so rapidly that there is little hydrogenation and practically no dimerisation, so it would be 
expected that the ratio C,H,/CO would have the value 2. Actually, it is slightly less; this will 
be so if the life of the propyl radical in solution is sufficient to permit a small amount of 
recombination to form hexane. This will be discussed in detail in the following paper. If 
hexane formation be neglected (and it will be shown later that this is justifiable at low 
temperatures), the extent of the Type I decomposition is proportional to (C,H, — CO), and 
the table shows that, as in the cases of methyl ethyl and diethyl ketones, while this reaction 
occurs readily between 60° and 100°, its rate falls off to a very low value as 0° is approached. 
On the other hand, the Type II reaction, as shown by the figures in Table III for the yield per 
hour ox ethylene, is only affected by temperature to a secondary extent, and this must be due, 
at least in part, to the increasing competition of Type I as the temperature rises. The methyl 
n-propyl ketone produced by the above reaction was not isolated, but evidence of its presence 
was provided by the fact that the solutions after irradiation produced a crystalline precipitate 
when shaken with concentrated aqueous sodium bisulphite (di-z-propyl ketone does not form 
a bisulphite compound). In addition, the residues responded to the iodoform test readily in 
the cold; the original ketone will respond to this test, but only with difficulty and on heating. 

Inspection of Table III shows that the unsaturation measured is independent of the amount 
of Type II decomposition occurring. This is in agreement with the view previously expressed 
(p. 1534) that the Type I reaction alone is responsible for the production of unsaturation. 

The figures in Table III also show that there is little change in the ratio of the two types 
of reaction as the concentration of ketone is varied from 1 to 100% at 60°. Thisis evident from 
the approximate constancy of the ratio (C,H, — CO)/C,H,. Further, the experiment at 100°, 
in which the cold arc was used, indicates that the course of the reaction is not affected 
appreciably by the change in wave-length. 


Aldehydes. 


Acetaldehyde.—Two experiments on this aldehyde were performed; in each case a 5% 
solution in cyclohexane at 20° was irradiated by the full light of the hot arc for 12 hrs. The 
results are given below. 


Analytical results for acetaldehyde. 


Hy. CH,. co. Unsaturation (c.c. of olefin at N.T.P.). 
0-1 12-0 10-0 1-5 
0-1 11-5 9-6 1-4 
It will be seen that the amount of unsaturation developed is quite small compared to the 
volume of methane produced, showing that the greater part of the latter must arise directly, 
and not by hydrogenation of methyl groups. At the same time, the excess of methane over 
carbon monoxide indicates some decomposition into CH, + H*CO must occur, the alkyl group 
being hydrogenated to methane. In agreement with this, it was found that the liquids after 
irradiation possessed a yellow-green colour and the smell of glyoxal, while the o-phenylene- 
diamine test showed that a dicarbonyl compound was present; this, in conjunction with the 
remainder of the analysis, leaves no reasonable doubt that glyoxal was formed during irradiation 
by dimerisation of H-CO groups. The small amount of hydrogen formed makes it appear 
likely that there was no appreciable formation of hydrogen atoms during photolysis, since 
these would probably be rapidly hydrogenated by the solvent. The reactions occurring are 
represented by the scheme : 
7 CH, + CO (84%) 7 
CH,°CHO 
a CH, + HCO: = (16%) 


CH,* ——> CH, (hydrogenation) 


wow H°CHO (hydrogenation) 


~ 4(H°CO), J 


n-Butaldehyde.—The results of two experiments, in which 5% solutions of the aldehyde in 
medicinal paraffin were irradiated at 20°, are given in Table IV. The acetaldehyde produced 


H:-CO- 
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TABLE IV. 
Analytical results for n-butaldehyde. 
Period Unsatur- 
of irradi- ation (c.c. 
Wave-length, ation of olefin 
A. (hrs.). Hy. CH,. Co. C,H, C,H, CH,-CHO. CO/C,H,. at N.T.P.) 
Full light of 4:25 0-2 0-2 12-3 11-8 2-8 Present but 4-4 1-5 
hot arc not estimated 
2536 —_ — — 10-5 10-1 1:3 ie 8-1 1-1 











was identified by its b. p. (20—24°) and f. p. (ca. — 125°) and by its reactions in the ordinary 
way. As in the case of acetaldehyde, the unsaturation developed is quite small in comparison 
to the saturated hydrocarbon produced (C,;H,). Moreover, in this case there is good agreement 
between the latter volume and that of carbon monoxide. There is thus no evidence for any 
appreciable formation of radicals during photolysis. It must be borne in mind that, as stated 
previously (p. 1536), the unsaturation was probably overestimated in the case of these aldehydes. 
The use of 2536 a. light instead of the hot arc does not increase the amount of hydrogen, or 
unsaturation, and hence does not appear to increase the probability of radical formation. In 
agreement with these conclusions, no dicarbonyl compound could be detected in either experi- 
ment. It will be seen that butaldehyde undergoes a Type II decomposition into ethylene 
and acetaldehyde. The ratio Type I/Type II, measured by the ratio CO/C,H,, is shown by the 
figures in Table IV to be markedly affected by wave-length, and to increase with decreasing 
wave-length. 

iso Valeraldehyde.—Five experiments were carried out with this aldehyde, with the results 
set out in Table V. In the first four runs, 5% solutions in liquid paraffin were employed, but 
in the fifth, at — 78°, a 5% solution in pentane was used. 

The acetaldehyde was identified by its physical properties and chemical reactions. The 
b. p. and f. p. were 21—22° and — 123° to — 125° respectively in each experiment, and the 
latent heats of vaporisation calculated from the vapour-pressure curves were between 6-63 
and 6-65 kg.-cals./g.-mol. The value for acetaldehyde is 6-62 cals. /g.-mol. In the main the results 





TABLE V. 
Analytical results for isovaleraldehyde. 
Period Unsatur- 
of irra- ation 
Wave- diation iso- (c.c. of CO 
Temp. length. (hrs.). H, CH, CO. C,H,. C,H, CH;°CHO. olefin). C,H,’ 
18° Full light of 7 0-1 0-2 14-8 5-1 14-6 5-0 2-1 2-9 
hot arc 
85 a 6 “= 0-7 18-6 3-9 16-0 3-4 1-5 4-8 
18 2536 a. 11-75 0-2 0-1 9-7 2-1 9-5 2-0 1-0 4-6 
85 2536 a. 15-25 — 0-1 16-8 1-7 15-0 Present but 1-0 9-9 
not estimated 
—78 Full arc (low 4:5 —- — 1-4 0-8 1-3 on — 1-8 
intensity) 


resemble those obtained with u-butaldehyde. The amounts of hydrogen and unsaturation are 
small, showing that only a small fraction of the decomposition proceeds via free radicals. The 
production of appreciable amounts of radicals or hydrogen atoms would lead to the development 
of considerable unsaturation, comparable to the volume of saturated hydrocarbon (isobutane) 
obtained, whereas actually the ratio (unsaturation) /C,H,, does not exceed 0-3. As in the case 
of n-butaldehyde, use of the shorter wave-length (2536 a.) does not increase the amount of 
unsaturation with respect to the saturated hydrocarbons. The Type II reaction proceeds as in 
the gas phase, and consists in the splitting of the molecule into propylene and acetaldehyde. 
It is interesting to compare the effects of temperature and wave-length upon the two types of 
decomposition. The values of the hour yields of carbon monoxide (Type I) and propylene 
(Type II) are set out in the following table : 


Hour yields for photolysis of isovaleraldehyde. 


Temp. Wave-length. CO. C;H,. Temp. Wave-length. CO. C,H,g. 
18° Full arc 2-1 0-7 18° 2536 a. 0-83 0-18 
85 - 3-1 C6 85 es 1-1 0-11 
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It will be seen that Type I reaction has only a small temperature coefficient between 18° and 
85°, a result which is in marked contrast to the large temperature coefficient observed in the 
case of the ketones. Further, the ratio CO/C,;H, is only affected by temperature to a 
comparatively small degree between 85° and — 78° (Table V). On the other hand, in both 
cases, Type II has a small negative temperature coefficient. The figures show, further, that 
the probability of Type I, compared, with that of Type II, increases with decreasing wave- 
length. 

The reactions occurring during photolysis may be expressed by the equations below, which 
are identical with those holding for the gas phase. 


(CH,),CH*CH, -r (CH,),CH’CH, + CO (Type 1) } 


"lil 
H “x CH,’CH!CH, + CH,CHO (Type II) 


Crotonaldehyde.—Since, according to Blacet and Roof (J. Amer. Chem Soc., 1936, 58, 73), 
crotonaldehyde has practically zero efficiency of decomposition in the gas phase, it was 
interesting to investigate its behaviour in solution. It was found that the aldehyde undergoes 
a very slow decomposition. The results obtained (below) refer to a 5% solution in liquid 
paraffin irradiated by the full light of the hot arc in each experiment. 


Analytical results for crotonaldehyde. 


Temp. Period of irradiation (hrs.). co. H,. C3H,. Unsaturation. 
20° 70 1-5 — 1-4 None detectable 
20 150 2-8 — 2-9 ” ” 

100 150 2-6 0-1 2-3 fa . 


The usual aldehyde characteristics are thus exhibited during the photolysis of 
crotonaldehyde, viz., very small amounts of hydrogen and unsaturation, and small temperature 
coefficients. The reaction is seen to occur exclusively according to the Type I decomposition ; 


CH,*CH:CH-CHO —> CH,°CH:CH, + CO (6) 


DISCUSSION. 


Several conclusions of a fundamental nature emerge from the results described above, 
when taken in conjunction with those previously obtained for photolysis in the gas phase. 
It is clear that those reactions of Type I which involve the production of free radicals are 
distinguished from those of Type I and Type II which do not by two criteria: their 
production of unsaturation in the paraffinoid solvent, and their inhibition by the solvent at 
room temperatures. The origin of this characteristic behaviour lies in the fact that the 
secondary reactions of the free radicals are profoundly affected by temperature. The 
formation of considerable quantities of aldehyde and small quantities of diketone in the 
photolysis of ketones in solution shows that the primary change is represented by the 
equation 


R-CO-R’ —> R-CO- + R” a oe ok er 


At 100° these radicals readily undergo hydrogenation, but as the acyl radical also 
spontaneously decomposes, the amounts of aldehyde and diketone are small, and the 
reaction approaches stoicheiometrically to the simple relationship 


R-CO-R’ —> RH + R’H + CO , artabieutlill 


At somewhat lower temperatures, however, the stability of the acyl radical is greater, and 
this is marked by an increased production of aldehyde relative to the hydrocarbon output. 
The results are all consistent with the conclusion that both alkyl and acyl radicals are 
readily hydrogenated by the solvent at temperatures above about 70°. The change in the 
stability of the acyl radical is shown clearly by the change in the ratio of unsaturation to 
total propane produced in the photolysis of di-n-propyl ketone between 0° and 100° as 
shown in Table III. At the lower temperature the over-all reaction is approximately 


R‘COR + 2C,Hon4g —> RH + R‘CHO + CyHon + CoHonig- - + + (9) 
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while at higher temperatures, for the reasons stated above, it approximates more and more 
to the reaction 


R:COR ot 2C,,Hon+2 —_—_ 2RH - CO s+ C,H, + Cy Honie . . . . (10) 


There is thus a progressive fall in the ratio of unsaturation to propane, the limiting value 
of (unsaturation, in c.c. of olefin) /}(propane) being unity. 

At still lower temperatures, however, the rate of hydrogenation of free radicals is 
greatly reduced. This process is strictly temperature-dependent, and is subject to an 
energy of activation the magnitude of which is estimated in the following paper. Thus, 
at room temperatures, the principle of primary recombination (see p. 1533) comes very 
markedly into play. The free radicals produced by the primary process are now confined 
in close proximity by the solvent molecules and, in the absence of hydrogenation, inevitably 
recombine. Perhaps the strongest confirmation of this conclusion lies in the fact that with 
the alternative Type II reaction, in which molecules rather than radicals are formed, there 
is no such falling off at room temperatures—indeed, the yield tends to diminish somewhat 
at the higher temperatures, owing to the increasing competition of the Type I change. 

If we accept this view, and there seems little doubt of its correctness, we obtain added 
support for the conclusion that the Type I decomposition of aldehydes occurs in one act, 
without the liberation of free radicals, i.e., RCHO—» RH-+ CO. This conclusion has 
already been derived from consideration of the reactions in the gas phase (Norrish and 
Kirkbride, J., 1932, 1518; Bamford and Norrish, J., 1935, 1504); in solution, the absence 
of marked unsaturation at high temperatures, and the persistence of the reaction to low 
temperatures, can only be explained if the same conclusion is drawn. This is true, in the 
main at any rate, for wave-lengths as short as 2537 a. If attention be focused on shorter 
wave-lengths, however, we think it likely that increasing numbers of free radicals may be 
formed, owing to the great increase of energy in the photolysing quantum. 

It is of interest in the light of these results to reconsider Farkas’s results (Z. physikal. 
Chem., 1933, B, 23, 89); he found that, when a solution of ammonia in hexane is irradiated 
by light corresponding to the predissociation region of the former, there results sensitised 
decomposition of the hexane, with evolution of hydrogen, as represented by the scheme 


C,H, + NH; + hv-—> C,H,; + 3H, + NH, a 


It would now appear quite probable that, in view of the possibility of direct hydrogenation 
of radicals established by the present work, this result can readily follow from a 
decomposition of the ammonia, with the secondary reactions shown below : 


NH,+hv —>NH, +H 
Sk Carta —> H, + C,H, 
NH,’ + Coll “> aa a Colts" 
2C,H,° —> CgHi. + CoHyy 


In view of the fact that the predissociation of ammonia undoubtedly involves the splitting 
of the molecule, it would seem preferable to view the mechanism of the reaction in this way 
rather than as if it involved sensitisation. Indeed, it appears that no such case of 
sensitisation by collision with excited molecules has yet been established. 


Our thanks are due to the Department of Scientific and Industrial Research, and to 
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289. Primary Photochemical Reactions. Part XII. The Effect of Tem- 
perature on the Quantum Yield of the Decomposition of Di-n-propyl 
Ketone in the Vapour Phase and in Solution. 


By C. H. BAMForD and R. G. W. NorrisH. 


The quantum yield of the photolysis of di-n-propyl ketone in the gas phase and 
in paraffinoid solution has been measured for temperatures in the range 0—100°. 
It has been found that, whereas in the gas phase the quantum yields of Type I and 
Type II decompositions are practically independent of temperature, yet in solution 
the quantum yield of Type I is markedly affected by temperature, rising from practically 
zero at room temperatures to 0-3 at 100°. The quantum yield of Type II in solution 
is affected by temperature only to a very much smaller extent. The results are 
explained in terms of the Franck—Rabinowitch principle of primary recombination, 
and a quantitative treatment is given, based on the simple model of a ketone molecule 
enclosed by a cage formed by neighbouring solvent molecules. At low temperatures 
in solution the alkyl and acyl radicals produced by the primary act of Type I mainly 
recombine, but at higher temperatures stabilisation, and consequently photolysis, 
occurs through hydrogenation of the radicals, or decomposition of the acyl group. 
Values of the energies of activation for the hydrogenation and decomposition re- 
actions are calculated as 12-3 kg.-cals. and 17 kg.-cals. respectively. In the case of Type 
II, no free radicals are produced, and the Franck—Rabinowitch principle does not come 
into operation. 


It has been shown in the previous paper that the primary processes of photolysis of alde- 
hydes and ketones are in general unmodified in solution, but that fundamental secondary 
processes may intervene which profoundly modify the extent and course of the reactions. 
Thus, owing to the operation of the principle of primary recombinations, reactions of 
Type I are completely suppressed in solution at 20°, and only become appreciable at tem- 
peratures approaching 100°, when the free radicals can become stabilised by hydrogenation 
at the expense of the solvent. On the other hand, reactions proceeding with the pro- 
duction of stable molecules, as is the case with Type II, and Type I decompositions with 
aldehydes, are apparently unaffected by the solvent at all temperatures. 

In the present paper we have chosen a ketone, viz., di-n-propyl ketone, which in the 
gas phase decomposes to about equal extents according to reactions of Type I and Type 
II, and have measured the quantum yields of both processes in the gas phase and in 
solution over the temperature range 0—100°. Taken in conjunction with the results of 
the previous paper, the data admit of a remarkably complete interpretation in terms 
of the principles of primary recombination, and of hydrogenation of radicals. They leave 
no reasonable doubt of the general correctness of the conclusions at which we have pre- 
viously arrived on the basis of our earlier work, and at the same time they provide a 
convincing proof of the importance of the Franck—Rabinowitch principle to the study of 
reactions in solution. 


EXPERIMENTAL. 


(1) The Determination of Quantum Yields for Vapour-phase Photolysis at High Temperatures. 
—The apparatus used was similar to that described by Bloch and Norrish (J., 1935, 1638). 
It consisted of a mercury lamp and optical system for supplying a parallel beam of approxim- 
ately monochromatic light, a quartz reaction vessel, and a thermopile-galvanometer system 
for measuring light intensities. In principle, the method consists in measuring the transmitted 
intensity with the reaction vessel empty, and with it filled with ketone vapour at the required 
temperature. A knowledge of the light losses resulting from reflections and absorptions 
at the quartz faces of the reaction vessel, etc., enables the effective absorption of the vapour 
to be calculated, and from this, and a measurement of the volume of gas produced by the 
decomposition, the quantum yielded was estimated. 

The mercury lamp was of the horizontal type, and had a plane quartz window, giving a 
beam which could easily be focused on the thermopile. It was run from a 110-volt circuit 
supplied by a battery of storage cells at a constant burner voltage of 75. A filter (see Bowen, 
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J., 1932, 2236) of nickel chloride solution and gaseous chlorine in separate quartz vessels with 
plane faces was employed to isolate a spectral region 2480—2770 a. This range of wave- 
lengths is situated approximately in the middle of the carbonyl absorption band. 

The reaction vessel was cylindrical and made wholly of quartz. The diameter and length 
were respectively 4 and 5 cm. The ends were plane, and constructed from fused quartz. 
Two outlet tubes were attached to the vessel, one carrying a vacuum breaker, and the other 
a constriction for sealing off. In addition, a third tube served as a reservoir for liquid ketone. 
When the whole had been very carefully cleaned and dried, a little of the ketone was distilled 
into this tube in a vacuum and frozen in liquid air. The vessel was then evacuated by a two- 
stage mercury-diffusion pump backed by a Hyvac pump, and sealed at the constriction. To 
maintain the reaction cell at the desired temperature, a double-walled air-thermostat, fitted 
with plane parallel quartz windows, was used. This was heated by blowing in air which had 
previously passed through an electrically heated Pyrex tube; the temperature could be kept 
constant to within 0-5° with ease. 

A Moll thermopile and Broca galvanometer were employed to measure the intensities. 
The system was calibrated by means of a standard lamp supplied by the N.P.L., the cali- 
bration being frequently checked during the course of the work. A variable potential was in- 
cluded in the circuit to allow for the zero shifts which always occur over long periods. The 
thermopile was enclosed in a highly insulated box. A quartz cell filled with water covered the 
aperture of the thermopile, and eliminated disturbing effects due to air currents and fluctuations 
in the external temperature. 

The whole of the apparatus was mounted on an optical bench. Two quartz lenses were 
used to obtain a slightly convergent light beam, which passed through the filter and reaction 
cell, and was focused by another quartz lens so that the whole of it fell on and almost covered 
the sensitive elements of the thermopile. 

The filter allowed a certain amount of green light to pass through as well as ultra-violet. 
This was unabsorbed, and therefore without action on the ketone. Thus tt was necessary 
to make a separate determination of the ultra-violet intensity. This was done by measuring 
the total intensity, and also the intensity transmitted through a glass plate, which absorbed 
all the active light. The interposition of this plate, however, introduced losses in the visible 
light by reflection and absorption; these were estimated by using a second similar plate. 
The additional fall in intensity produced by this plate was entirely due to the above-named losses, 
and the correction to be made for changes in the transmitted visible intensity due to the first 
plate could then be calculated by proportion. 

The corrections to be applied for light losses due to reflection and absorption by the quartz 
windows were determined experimentally as described by Bloch and Norrish. If J,, J, Js, 
and J, represent ultra-violet intensities at the points represented in Fig. 1, then the effective 
absorption is given by 


~ hha ieles BGs tls aD 
Tavs, = 1s V2 (1 f){1+ Te r[i+? 1+ Gop) + a eee? 
where J, represents the transmitted intensity with the cell empty, and J,* the corresponding 
intensity with it filled with vapour. 

The windows of the thermostat were removabie, so Fic. 1. 
that J,, J,, J;, and I, could be measured directly. R 
is the reflecting power of quartz. The terms contain- 
ing R in the above equation take into account the part 
absorbed from the light reflected back from the 
windows 3 and 4 in Fig. 1. This is only a small 
fraction of the total absorption, and hence it is not 
necessary to know RF accurately. 

It will be seen from the above expression that, 
in order to calculate J,4,.., it is necessary to know the 2 3 4 
absolute value of J,. To obtain this, the effect of the 1,4. Quartz windows of thermostat. 
lens and water cell in front of the thermopile had to 2, v0 », reaction cell. 
be estimated. (Obviously, to evaluate the ratios of 
intensities which appear in the equation it suffices to determine relative values of the intensities.) 
By taking measurements with and without the water cell, the effect of the latter was deter- 
mined, but the correction for the lens could not be found in this way. It was calculated 
theoretically to within a few units %. 
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At the conclusion of the run, the reaction cell was connected to a Toepler pump by means 
of the ground joint on the tube carrying the vacuum breaker. The tube containing the residual 
ketone was cooled to — 120° in a freezing mixture of liquid nitrogen and alcohol, the breaker 
broken, and all gaseous products pumped off. Since the volumes obtained were rather small, 
they were measured by confining the gases above mercury in a previously calibrated volume, 
and measuring the pressures exerted. These were of the order of 100 mm. and so could be 
easily determined with sufficient accuracy. The gases were analysed in a Bone and Wheeler 
apparatus suitable for small quantities. In order to determine the quantum yield of polymeris- 
ation, any liquid remaining after removal of the gaseous products was distilled out in a vacuum. 
The polymer was then left as a non-volatile brown residue in the lower limb of the vessel, and 
could be estimated by cutting off the tube, weighing, removing the polymer, and reweighing. 

(2) The Quantum Yield at Low Temperatures.—The determination of the quantum yield 
at room temperatures presented more difficulty on account of the low vapour pressure, and 
consequently low absorption, of the ketone. To obtain a reasonable amount of absorption 
it was necessary to employ an absorption tube 1 m. long, and this raised the difficulty of ob- 
taining an accurately parallel beam of light from an extended source. It was found impossible 
to avoid the loss of a considerable amount of light by scattering at the walls of the tube, and 
consequently it was necessary to develop an expression which would correct for such losses, 
at any rate approximately. This expression is based on measurements of the total intensity 
entering the tube, and that emerging, when the tube was empty, and on the geometrical proper- 
ties of the optical system. If J,., J,, and R have the same significance as in the previous 
equation, we obtain * 

Taps. = 0-33I,(1 — R)* 


The set-up and method of investigation were in principle exactly as described previously. 
The liquid ketone was contained in a side limb of the absorption tube and maintained at 13°, 
giving a vapour pressure of 5 mm. 


* For consider a ray scattered by m reflections inside the tube. Let I’, be the incident intensity, 
I’, that immediately after the first reflection, and so on. The distance traversed by the ray between 
two reflections is approximately //n, where / is the length of the absorption tube. Then 


I’; = I’,e-2" . R’, 
where « is proportional to the extinction coefficient, and R’ is the reflection coefficient. Similarly 
I’, = I',e°% , R’=I',e- 2" , R’* (1) 
; on I’,e-# r R”* . . . - . . . . 
The absorbed intensity before the first reflection, J,**, is given by 
qs. = I’,(1 — e~#/”) 
Similarly I> = I’,(1 — e~@/") and so on 
(7,** is the intensity absorbed between the first and the second reflections). 
The total absorption is then given from (1’) and (2’) as 


Lens. = J 9» + T,2>*- + I,,8>* 
= I’,(1 —e {1 + Re... 4+ ROI MW Ww. (84) 


1— Re # , 
i=} . or ms @cvetc aie (4 ) 
When a pencil is considered, instead of a single ray, an approximate expression for In. is obtained by 


using the mean value of » in (4’). This may be found experimentally as follows. Let the values of 
I’,, with the tube empty and when filled with ketone vapour be J’, and I’,* respectively. Then by (1’) 


I’, /T'o = Rk’ , . . . . . . . . . . (5’) 


Thus Tave. = I’, (1 — even) 


(since « = 0 for the empty tube) 
and PRR Es 0:8 00h es OTA ieee 

From (5’) and (6’), » and e~* may be found, and substitution of these into (4’) gives Japs. 

In the experiments described above, I’,/I’, = 0-259, and I’,*/I’, = 0-150. Thus, taking R’ = 0-5 
(the value calculated from Fresnel’s equation), m = 2 and e = 0-58. Substitution of these values 
in (4’) gives the equation in the text [since I’, = J,(1 — R)*}. The value of » obtained above from purely 
optical measurement agrees well with that which would be expected from considerations of the geometry 
of the systems, and to a certain extent justifies the use of an equation of the form given above. 
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(3) Quantum Yields in Solution.—The reaction cell and system shown in Fig. 2 was em- 
ployed. The quartz cell R was 7 cm. in diameter and 2 cm. long, and had plane faces. It 
was connected by a water-cooled ground joint to a series of liquid-air traps, leading to a 
Toepler pump and to a mercury-diffusion pump backed by a Hyvac pump. R was filled to 
the mark M with the liquid to be investigated, and the latter was then frozen in the narrow 
tube, by wrapping the tube in cotton-wool soaked in liquid air. This was repeated several 
times completely to remove air enclosed in pockets 
formed below the solid by contraction of the liquid Fic. 2. 
in R. The cell was surrounded by the air- , 
thermostat previously described, and was then 
brought to the desired temperature. If the 
temperature used was above atmospheric, carbon 
dioxide was admitted to the apparatus to prevent 
distillation of liquid to the cool parts of the 
system. During the early stages of the warming 
up, and before the irradiation was started, there Toepler 
was considerable frothing, which soon subsided PE a0-t 
when the liquid had come into equilibrium with J 
its vapour. In order to prevent loss of liquid T 
from the reaction vessel, the tube above M was 
therefore constructed of wide-bore tubing of about 1 
2 cm. diameter. 

The optical system was exactly as described 
previously for the experiments in the vapour 
phase at high temperatures. Before a run was 
started, preliminary tests were made on the 
solvent to ensure its transparency to the wave- wh 





_> 











lengths used. It was found that medicinal 
paraffin, purified as described in Part XI (p. 1536), 
possesses a very small but definite absorption. 
This makes it unsuitable for use in the determin- 
ation of quantum yields, for, though the light M 
absorbed by the solvent in the presence of the 
strongly absorbing solute is negligible, it is 
impossible to determine the light losses at the 
windows of the reaction cell, as this involves 
blank experiments with the solvent alone. A 
satisfactory solvent was found in pure isp- 
octane, kindly supplied by the Anglo-Iranian Oil 
Company. 

The experiments were performed in the manner described previously. After irradiation, 
the traps were cooled to — 80°, and the gaseous products pumped through them, and removed 
by the Toepler pump. During this process most of the solvent was distilled from FR to the 
large trap T. In order to remove the gases completely, the traps were allowed to warm to 
atmospheric temperature; they were then cooled again and any gases disengaged pumped off. 
This series of events was repeated until no more gas could be obtained. The volumes of 
products were measured accurately as described before, and the gases were analysed by standard 
methods. 

Since the solutions used gave practically complete absorption, a simplified form of the 
first equation may be used to calculate the absorption. By putting /,* = 0, the equation 


reduces to Ign. = V J/3. 





Results. 


(a) Gas Phase.—Sensitivity of thermopile-galvanometer system: 655 ergs/sec./cm. for 
expts. (i) and (ii), 365-5 ergs/sec./cm. for expt. (iii). J,, J4, and J,* in the following table 
have the meaning explained previously (p.1545). They represent actual ultra-violet intensities. 

Hence, at 100° and 74°, out of 100 molecules of ketone which absorb light, some 36—37 
undergo decomposition of Type I, 30—29 that of Type II, and 20 polymerise. The remainder 
must be deactivated without reaction. Although there is some change in these figures at 
15°, and although the results are admittedly less accurate as a result of the greater difficulties 


5H 
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of experimentation, it is clear that the quantum yield is of the same order at low and at high 
temperatures. 
Experiment. (i). (ii). (iii). 
Temperature 74° 15° 
Pressure, mm. 112 
I,, galvanometer deflections, cm, endiaaminiiten inn 26- “4 26-3 
a ” ” 19-9 
I,*, 4 1 . 
Time of irradiation, BE sicecnvsssesntccssecqeciinewes 15-17 
Total radiation absorbed, ergs x 10°? ° 
Quanta absorbed x 10-?* 6-88 
od ols 0-95 
” 2*+*4 ” ” 0-74 
Wt. of solid residue, mg. 2-5 
Quantum yield of CO (T I) 0-37 
~ ie C,H, (Type II) 0-29 
polymerisation 0-20 
(based on number of ketone molecules polymerising) 


(b) Liguid Phase.—Sensitivity of thermopile-galvanometer system: 655 ergs/sec./cm. 
I, and J,* represent actual ultra-violet intensities. 


Experiment. (i). (ii). (iii). (iv). (v). 
Temperature 20-5° 20-5° 68-0° 96-0° 96-0° 
Tq, GARVO. GORGRIOMM, CI, ccciccvcccccesesscnescocece 35-0 31-6 . 36-4 
“o 0-2 0-2 . 0-2 
Time of irradiation ‘(hrs. D wonsiabeséweeseecnesenecs 17-17 15-75 . 17-00 
Radiation absorbed, ergs x 10-7 127-5 106-0 : 132-5 
Quanta absorbed x 10-*° 1-63 1-40 : 1-75 
Vol. of CO, c.c. at N.T.P. 0-061 0-070 . 1-91 
C,H,, 1-35 1-27 3 1-13 
Quantum yield ‘of CO (yoo) (Type I) 0-01 0-01 , 0-30 
o 7 CH, (yon,) (Type I) 0-22 0-25 . 0-18 0-17 
The results show that yo,q, in solution decreases steadily with rise of temperature; the 
values obtained, when plotted against temperature, lie on a curve which is very nearly a 
straight line. Further, the values of the yield per hour of ethylene given in the previous 
paper (p. 1539) also exhibit a practically linear relationship with temperature, the slope of 
the lines being the same in both cases. Since different wave-length regions were employed 
in the two sets of experiments, it seemed probable that the relative volumes of the products 
would be the same for different wave-lengths. This has already been suggested in the pre- 
vious paper (p. 1540). To test this point, two series of experiments were performed at differ- 
ent temperatures; at each temperature the liquid was irradiated by (a) the full light of the 
hot arc, (b) the radiation from a lamp with water-cooled electrodes, in which a high-tension 
mercury discharge passes through neon at a few mm. pressure. In the former case the most 
intense lines emitted from the source extend from 2300 a. to longer wave-lengths, and the 
ketone absorbs all those which fall within the first carbonyl absorption band extending from 
2300 to 3100 a. The cold lamp, however, emits practically monochromatic radiation, at 
least 95% of its output being the mercury resonance line 2536 a. A comparison between the 
results obtained with the two lamps thus allows an estimate to be made of the effect of wave- 
length upon the course of the reaction inside the first carbonyl band, The results are tabulated 


below. 
Experiments to determine the effect of change in absorbed wave-length on the course of photolysis. 


Vols. of products are given in c.c. of vapour at N.T.P. In all cases 10% solutions (by vol.) of the 
ketone in medicinal paraffin were used. 
Wave- . Unsaturation C3;Hs C;H, Unsaturation 
length. Temp. co. C,H. C,H,. (c.c.ofolefin). CO~ C,H, <i 
2536 a. 15° 1-8 11-5 39-7 6-2 6-40 0-29 1-15 
Full light of 15 2-1 14-0 45-2 7-5 6-65 0-31 1-07 
hot arc 
2536 a. 95 6-0 9-7 3-6 1-62 2-69 
Full light of 95 8-0 13-0 4-6 1-63 2-81 
hot arc 


It will be seen that each of the ratios C,H,/CO and C,H,/C,H, is unaltered by the use of 2536 a. 
light instead of the full light of the hot arc, and it appears that the course of the reaction is 
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independent of the value of the absorbed quantum. This is true in spite of the slight absorption 
shown by the paraffin below 2350 4., since, as stated in the preceding paper (p. 1536), the 
ketone, by reason of its much greater extinction coefficient, absorbs practically all the light. 
For this reason it is justifiable to combine the quantum-yield measurements described in this 
paper with the analytical results given in the previous paper. The linear relation between the 
yield per hour of ethylene and the temperature (referred to on p.1548) was used as a basis 
for this purpose; a proportionality factor was found which would convert yields per hour into 
quantum yields. From the figures given on p. 1539 of the previous paper, it is thus possible to 
obtain a number of values of yoo and o,y, in addition to those which were determined by 
direct measurement. In this way the curves of Fig. 3 were constructed. It is to be noted, 
however, that the results of the previous paper referred to are less accurate than the quantum- 
yield measurements, and this fact must be borne in mind when seeking a theoretical inter- 
pretation of the curves. 


DISCUSSION. 


It has already been shown that the general form of the curves given in Fig. 3 can be 
explained in terms of the Franck—Rabinowitch principle. It is desirable, however, to 
discuss the matter precisely, and this may be done in the following manner. In view 


Fic. 3. 


Points marked ® determined by absolute measurements of quantum yield 
n »  X obtained from relative measurements in previous paper i ae 
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50° 60° 
Temperature. 


of the fact that the primary photochemical act occurs so rapidly, one is concerned in 
solution with what is virtually a single molecule enclosed by a cage of solvent molecules ; 
it follows that the processes occurring are in general unimolecular, and it is possible to 
discuss the probabilities of various reactions in terms of the unimolecular velocity co- 
efficients. Such a method of treatment is obviously an idealisation; nevertheless, the 
extremely low quantum yields for Type I decomposition at ordinary temperatures seem 


to show that the picture is a fairly true one. 
The following possibilities are the only ones which confront the dissociated molecule 


in these circumstances: (a) recombination of the radicals to generate dipropyl ketone; 
(6) hydrogenation of the propyl group; (c) hydrogenation of the acyl group; (@) de- 
composition of the acyl group. The probability that one of these events, ¢.g., (a), will 
occur is given by an expression of the form 


ba=Rel(ka + h’p tha thy) =Rp/DR . . - - (I) 
P= which kp, kg, k’q, and kp are the unimolecular velocity coefficients for the processes . 


(a), (b), (c), and (d@) respectively. 
The probability of formation of carbon monoxide may now be calculated as follows. 
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Carbon monoxide may be produced in two ways: (i) From the decomposition of the acyl 
group according to (d) above; the probability of this is kp/=k. (ii) Acyl groups are 
liberated from the shell by hydrogenation of the propyl radical, and some of 
these will later decompose, yielding eventually propane and carbon monoxide; the prob- 
ability of liberation of the acyl group is ky /Z, and as an approximation to the probability 
of its subsequent decomposition we may write kp/(kp + k’y), neglecting possible 
polymerisation. The probability of the formation of carbon monoxide from a ketone 


molecule by (ii) is thus 
(hg /=R).[Rp/(Rp + Fg). - - - - - (2) 


The total probability of carbon monoxide production is the sum of the probabilities for 
(i) and (ii), and so.will be given by 


Poo = Rp/=R a Rykp/ZR(Rp - k's) . . . . . ° (3) 
The quantum yield of carbon monoxide is proportional to #g9 and may be written 


Yoo = YoPoo 


Yop hg 

or yoo = We 1 + | oo eth 3 Se 
Yo Tepresents the probability that absorption of a quantum will produce a primary dis- 
sociation according to Type I; it is therefore the total quantum yield of Type I in the 
gas phase, it being assumed that in the gas phase no recombination of radicals (C,H,: 
and C,H,°CO-) occurs. Thus yg is equal to ygo for the gas-phase photolysis at high tem- 
peratures when no diketone is formed, and for the purposes of the present discussion it 
may be taken as 0-37. The dependence of kp, kg, and k’y upon temperature is expressed 


by the following equations : 
kp a= kage" BRT | 


Ry = k,e~ F/R? . . . . . . . (5) 
Rg = h',e7 BRT 
For simplicity it will be assumed that E’ and E” are approximately equal (see p. 1551). 
Substitution of (5) into (4) leads to the expression (6) for the variation of yoo with 


temperature : 
e~ ZIRT hye~2 RT 
Yoo = ka + ee + hae “ne e =ERT + F6 —E” mr + 1} oe (6) 


By suitable choice of the k’s and E’s; the value of k,e~¥/®? can be made large compared 
to that of kye~#/"? at low temperatures, while at high temperatures the reverse will be 
the case. The variations in the value of the bracketed term in (6) are of minor importance. 
Taking h, ~ R’ hy its maximum value of approximately 2 is attained at low temperatures 
when k,e~#/"" is negligible, and its minimum of 1 at high temperatures when k,e~*/** 
becomes large compared to k,e~*/*®". At low temperatures, when the total quantum 
yield of Type I, y;, is small, kn is much larger than any other term, and so (6) becomes 


approximately 





Yoo = Yo - 2kge~#'** /kp 


As T increases, the other terms in the denominator of (6) become increasingly important, 
and the bracketed term diminishes. The result is that the slope of the curve begins 
to diminish, until at sufficiently elevated temperatures (6) shows that yo9 approaches the 
constant value yg (i.¢., its corresponding value in the gas phase), since all other terms may be 
neglected in comparison with kye~*/®*, Thus (6) predicts, at any rate qualitatively, the 
shape of the ygo-7 curve obtained experimentally. 

The probability of propane formation may be calculated in a similar manner. As 
in the case of carbon monoxide, there are two mechanisms by which it may be formed: 
(i) By hydrogenation of the propyl group. This will necessarily follow the 
occurrence of any of the processes (b), (c), (d) (p. 1549), if recombination to form hexane is 
neglected for the moment. It must be noted that process (d) would lead to the form- 
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ation of two propane molecules—one from the hydrogenation of the propyl group originally 
linked to the acyl, and the other from the hydrogenation of the alkyl produced by de- 
composition of the acyl radical. Consequently, the probability of propane formation 
by (i) (recombination of propyl groups being neglected) is 


Sa ee eee 


In order to take into account the formation of hexane, the above must be slightly modi- 
fied. The probability of hexane formation will be given by: 


ee ee eee 


The first term represents the probability that two propyls should be inside the shell 
together, and the second, the further probability of their union; kp refers to the latter 
reaction. On employing (8), the corrected form of (7) becomes 


1 ; Qkpkp 
sy {ha + Wn + Bhp — aoe | inca taee ote cic 


(ii) Propane may also be formed from acyl radicals which are liberated and decompose, 
as described previously (p. 1550). The approximate probability of this will be that given 
by (2). The total probability that an excited molecule of ketone will yield propane 


is therefore 
a . Ryky 2kpkp 10). 
pre = oy {ha t+ Ha + Op +g Ohe — Phohe . ( ) 

From (3) and (10) it follows that the ratio yp,/ygo is given by 


Yee _ Per _ 9 ky + k’y ky  ___—_—s2kp 1 i a ll 
Yoo ?oo |2 + kp T i+ Fa Tet +e pe] 








At high temperatures, when kp > kg, (11) reduces to . 
Yer/Yoo = 2{1 — kp/(ka + Re)} - - + - + + (12) 


For sufficiently large values of T, ky becomes large compared with kp, and the ratio yp,/yo0 
approximates to 2. This condition has not been realised experimentally, probably because 
sufficiently high temperatures have not been employed. Thus at 100°, the highest tem- 
perature used, yp,/y99 = 1-6, so that 

Rp/(ky + Rp) = 0-2 pig ye ey ae ee 
(see also p. 1553). 
At low temperatures, kp < ky, and also kg < hp, since the former reaction requires 
activation; (11) then becomes 


Pr kg + R’ Ry + F'n p- 
= = 05 + “— 06} Rr... OS 
Fig. 4 shows that, in the range 0—20°, the experimental curve connecting yp,/yo9 with 
temperature approximates to that given by 
YerlY¥oo = 0°5 + 1-65 x 10%et700RT | wf. (8) 

= i support to the assumptions already made that E’ = E” (p. 1550). From (14) 
an 5), 

(Ry + ’,)2kg ~ 1-65 x 10°; E— E’ = 4-7kg-cals. . . . (16) 


If it be assumed that &, and ’, are of the same order of magnitude, then k,/ky = 
1-65 x 10°. 

Further information as to the magnitude of the unimolecular constants may be ob- 
tained from a comparison of the theoretical and experimental values of the quantity 
Ypr — Yoo. From equations (3) and (10) 


ac _ Yok kp + h'y _ 2kp 
Yer — Yoo = Yothrr — Poot = Sk {1 + kp pape oy aa (17) 
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At low temperatures, with the same approximations as before, this becomes 
Yer — Yoo = Yol(Rn + ¥'n)/Rnle re" - - ee (18) 
Fic. 4. 


1. Experimental. 
2. R= 0-5 +165 «10 %¢ 470/87 
3 Theoretical 
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Fig. 5 shows that the experimental curve relating yp, — yoo to T, over the range 
0—25°, is well represented by 


YrPr — Yoo = 5°5 xX 107%e- 12,300/RT ° ° ° ° (19) 
Thus yo(ky + 2’p)/kg = 5-5 x 10, and since yp ~ 0-37, ky /kg ~ 7-4 X - 107, 
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The energy of activation for the hydrogenation reaction is thus 12-3 kg.-cals.; hence 
that for the decomposition of acyl radicals is, by (16), 12-3 + 4-7 = 17-0 kg.-cals. By 
using equation (13) and the value for E’, it may be calculated that k,/kp(= Rkge*'*®*/kp) = 
5-7 x 10%. 

Having obtained the ratios of the unimolecular coefficients, we may compare the 
values of the ratio yp,/ygo given by (11) with those found experimentally. This is done 
in Fig. 4: (3) represents the theoretical curve, and although the agreement is only approxi- 
mate, it is reasonably satisfactory, in view of the approximations and simplifications 
which have been introduced. 

The form of the curves obtained by plotting the positive and negative terms of (17) 
against temperature is represented by curves (1) and (2) respectively of Fig. 6. Curve (1) 
rises more rapidly than (2) initially, since it depends mainly on the temperature coefficient 
of (ky + k’y), while (2) depends on that of kp. The negative term eventually begins 
to decrease (numerically) and finally becomes zero. The values of (yp, — yo) are obtained 
by subtracting the ordinates of (1) and (2), and are thus represented by a curve such as 
(3). This is of the same form as curve (3), Fig. 3. If the yield of propane continues to 
increase in a practically linear manner with temperature above 100°, as it does from 50° 
to 100°, then it follows from the shape of the ygo curve that curve (3) (Fig. 3) extra- 
polated above 100° will exhibit an ascending portion, as does the theoretical curve. 
Although much reliance cannot be placed upon such extrapolation, it seems likely that 
the agreement between theory and experiment is satisfactory. 

The total quantum yield of Type I (y;) may be obtained from (17) by omitting the 
negative term, since the latter represents the reduction in the yield of propane due to 
combination of propyl groups. Hence 

V1 = (YoRn/=A)[1 + (Rg + F'n)/Ro) - - + + + (20) 
At high temperatures, when kp predominates, y; = yo = Yoo: 1-¢-, (1) Y9 measures the total 
quantum yield by Type I since no aldehyde is produced by the hydrogenation of acyl 
radicals, and (2) the total quantum yield in solution approaches the value for the gas 
phase. 

It remains to consider the magnitudes of the unimolecular coefficients, and to examine 
the validity of the assumption made about them. The form of the theoretical expressions 
(6) and (10) makes comparison with experiment difficult except under certain special 
conditions (e.g., at low temperatures) and over small ranges of temperature. Nevertheless, 
by taking advantage. of such simplifications the values obtained will be of the right order 
of magnitude, though a high degree of accuracy cannot be claimed. The following values 
have been calculated. 

Ry |ha = 1-65 x 10°, ky /hp = 7-4 x 107, k,/Rp = 5-7 x 10? 
E = 17-0 kg.-cals., E’ = 12-3 kg.-cals. 
From these figures, using equation (5), we may then calculate the values of ky/Rp, 
ky/Rg, and Rp/kp at the various temperatures given below. 
Temp. ku/kp. ku/hn. kp/hr- 
0° 8-8 1-2 x 10° 1-4 x 10% 
100 0-9 53 5-9 
150 0-4 4-2 x 10° 1-05 x 10¢ 

These figures are consistent with the neglect of kg and kp in comparison with kp at 
temperatures close to 0°, as was implied, e.g., in the combination of equations (18) and 
(19). They illustrate the growing importance of kp with respect to kg, and the decreasing 
importance of ky as compared with kg and kp as the temperature rises. In deriving 
equation (13) it was assumed that, at 100°, kp > kg. The above table shows that this is 
not the case, and the value of kp obtained from (13) -will thus be only very approximate. 

The large value of k,/kg is most probably due to the nature of the system under con- 
sideration. The k’s are kinetic factors which depend on the number of collisions per 
second between the molecular species concerned. In a system composed of two radicals 
enclosed by a shell of solvent molecules, collisions between one of the radicals and solvent 
molecules will be much more frequent than those between the radicals themselves. 
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CONCLUSION. 


The treatment outlined above shows that a quantitative explanation can be obtained 
of the temperature variation of the quantum yield in solution. It is clear that, although 
in the gas phase the quantum yields of Types I and II are not affected by temperature to 
a great extent in the range 0—100°, yet in solution the former is markedly influenced 
by the secondary factors described above. These may be summarised as follows. Free 
radicals formed by Type I decomposition are more and more subject to hydrogenation 
by the solvent, as the temperature approaches 100°. At the same time the acyl radicals 
become increasingly liable to decomposition. The principle of recombination controls the 
final quantum yield. At room temperatures the free radicals produced by the primary 
act mainly recombine, and the quantum yield of Type I is consequently approximately 
zero. 

As the temperature increases, the rapid increase in the probabilities of hydrogenation 
and decomposition stabilises the primary change, and leads to final photolysis. The 
correctness of these ideas is strongly supported by the quantitative solution achieved. 
In addition, probable values for the velocity coefficients may be compared with values 
already extant in the literature. For instance, taking the value of the C-H bond as 96-5 
kg.-cals. (see, e.g., Schmid, Math. naturw. Anz. ungar. Akad. Wiss., 1936, 54, 769) and 
that of the H-H link as 101 kg.-cals., and using the value of 17 kg.-cals. found by Geib 
and Harteck (Z. physikal. Chem., 1934, A, 170, 1) for the energy of activation of the 
reaction CH, + H-—> CH,’ + Hg, we may calculate a value of 12-5 kg.-cals. as the activ- 
ation energy of the reaction CH,- + H, —> CH, + H:. This is close to the value (12-3 
kg.-cals.) found above for the activation energy of the reaction between methyl groups 
and paraffinoid molecules. It must be remembered, however, that the former figure 
(12-5 kg.-cals.) is subject to the uncertainty which is at present attached to the value of 
the C-H bond. 

On the other hand, decomposition of Type II, involving no free radicals, remains, as 
in the gas phase, largely unaffected by temperature. This in itself confirms the earlier 
conclusions as to the mechanism of this reaction. It is true that both in the gas phase 
and in solution there is a decrease in the probability of Type II as the temperature is 
raised, but this is not more than might be expected from a small change in the relative 
probabilities of the primary acts associated with Types I and II, as the internal conditions 
of the molecule are changed by an alteration in the temperature. 

The results now presented make it possible to achieve a definite decision as to the 
nature of the primary acts in Type I. It is clear that hydrocarbon radicals must be 
eliminated successively, for if decomposition occurred in one act to non-valent 4=CO, 
no primary recombination would be possible at lower temperatures, nor would the quantum 
yield be appreciably affected by the solvent. On the other hand, the evidence goes to show 
that, as the temperature is raised and the probability of thermal decomposition of the. acyl 
radical increases, distinction between the two possibilities becomes more and more academic. 
It must therefore be concluded quite definitely that, although at the lower temperatures 
the driving force of the photochemical change is not directly connected with the tendency 
of the carbonyl group to revert to carbon monoxide, yet at the higher temperatures the 
decomposition of the acyl group becomes so merged with the primary act that the two 
are indistinguishable. It is then possible to assume that both free radicals are eliminated 
at once. Until the conditions for this merging of the two reactions have been achieved 
it is clear that a molecule like keten cannot decompose. By analogy, it may therefore 
be assumed that in keten there is an internal photochemical primary act, involving the 
opening and shutting of the double bond. This is probably the reason why the photo- 
polymerisation of ketene is so predominant. 
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290. The Constitution of Oroxylin-A. Part II. Attempted Synthesis 
: of Oroxylin-A and the Synthesis of Wogonin. 
By R. C. Suan, C. R. Menta, and T. S. WHEELER. 


The presence of baicalein in the root bark of Oroxylum indicum, Vent, has been 
confirmed, and sitosterol and galactose have also been isolated. In an attempt to 
synthesise the previously isolated oroxylin-A (5: 7-dihydroxy-6-methoxyflavone), it 
was found that benzoylation of 2 ; 4-dihydroxy-3 : 6-dimethoxyacetophenone proceeded 
normally (with ring closure) to give 7-hydroxy-5 : 8-dimethoxyflavone, which was 
demethylated by aluminium chloride to 5: 7 : 8-trihydroxyflavone, obtained, it is be- 
lieved, pure for the first time, and to wogonin (5: 7-dihydroxy-8-methoxyflavone). 
This is the first synthesis of this naturally occurring flavone. The action of hydriodic 
acid on 7-hydroxy-5 : 8-dimethoxyflavone and on wogonin under the experimental 
conditions described gave baicalein (5: 6: 7-trihydroxyflavone), and it is suggested 
that this is due to the opening of the pyrone ring with subsequent rearrangement. 


INVESTIGATION of the constituents of the root bark of Oroxylum indicum, Vent, has been 
continued, and the presence of baicalein (5 : 6 : 7-trihydroxyflavone), previously suspected 
on the basis of its specific colour reaction with alkali (dissolution to a reddish-brown 
solution with subsequent formation of green flocks; Part I, J., 1936, 592), has been con- 
firmed by its isolation. In addition to oroxylin-A, 5 : 7-dihydroxy-6-methoxyflavone 
(I), sitosterol and galactose have also been isolated. Bhose and Battacharya (Science 
and Culture, 1936, 581) report the presence of baicalein and chrysin (5 : 7-dihydroxyflavone). 
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Attempted Synthesis of Oroxylin-A.—In an attempt to synthesis (I), 2 : 5-dimethoxy- 
resorcinol was converted into 2 : 4-dihydroxy-3 : 6-dimethoxyacetophenone (II; Wessely 
and Moser, Monatsh., 1930, 56, 97), which was fused with benzoic anhydride and sodium 
benzoate; since the product (m. p. 287—288°) was a hydroxydimethoxy- and not a di- 
hydroxymethoxy-flavone, it must be 7-hydroxy-5 : 8-dimethoxyflavone (III) and not (I; 
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m. p. 231—232°). This is confirmed by the fact that on methylation (III) gave a tri- 
methoxyflavone (m. p. 167—168°), which is not 5: 6: 7-trimethoxyflavone (m. p. 163— 
164°; Hattori, Acta Phytochim., 1930, 5, 99), but 5: 7 : 8-trimethoxyflavone (IV; m. p. 
167—168° ; idem, ibid.), obtained for purpose of comparison by methylation of authentic 
wogonin (VII). 

Wessely and Moser (loc. cit.) found that anisoylation of (II) afforded 5 : 7-dihydroxy- 
6 : 4’-dimethoxyflavone, and this was confirmed by Wessely and Kallab (Monatsh., 1932, 
60, 26), but Furukawa and Tamaki (Bull. Inst. Phys. Chem. Res. Tokyo, 1931, 10, 732; 
cf. Hattori, Acta Phytochim., loc. cit.; 1931, 5, 219) claimed to have obtained the normal 
product, 7-hydroxy-5 : 8 : 4’-trimethoxyflavone. Baker, Nodzu, and Robinson (J., 1929, 
74) and Goldsworthy and Robinson (this vol., p. 56), who have studied respectively the 
veratroylation and the anisoylation of the w-methoxy-derivative of (II), also obtained 
5:7: 8-derivatives. 

Demethylation of O-Alkylated 5:7 : 8-Trihydroxyflavones.—Demethylation of (III) by 
hydriodic acid proceeded abnormally, the product being 5 : 6: 7-trihydroxyflavone (V) 
instead of the expected 5 : 7 : 8-derivative (VI). Rearrangement of a 5:7: 8-toa5:6:7- 
trihydroxyflavone during hydriodic acid demethylation has been observed by Wessely 
and Moser (loc. cit.; cf. Furukawa, quoted by Hattori, loc. cit., 1931), who obtained 
5: 6:7: 4’-tetrahydroxyflavone (scutellarein) from 7-hydroxy-5 : 8 : 4’-trimethoxyflavone. 
Normal demethylation to gossypetin has, however, been obtained by Baker e¢ al. (loc. 
cit.) with 7-hydroxy-3 : 5:8: 3’: 4’-pentamethoxyflavone; by Hattori (loc. cit., 1930) 
with wogonin (VII) and 5:7: 8-trimethoxyflavone, and (loc. cit., 1931) with 7 : 8-di- 
methoxy-5-ethoxyflavone; by Furukawa and Tamaki (loc. cit.) with 7-hydroxy-5 : 8: 4’- 
trimethoxyflavone, and by Goldsworthy and Robinson (loc. cit.) with 7-hydroxy- 
3:5:8:4'-tetramethoxyflavone. On the other hand, Wessely and Kallab (loc. cit.), in 
a re-examination of the previous work of Wessely and Moser (loc. cit.), claim that, contrary 
to the results of Hattori (loc. cit., 1931), rearrangement to scutellarein occurs on demethyl- 
ation of 5: 7:8: 4’-tetramethoxyflavone with hydriodic acid. Further evidence on this 
point is afforded by the following observations. Demethylation of (III) by means of 
anhydrous aluminium chloride (1—3 mols.) yielded a trihydroxyflavone (m. p. 250—251°), 
which gave an alkali colour reaction distinct from that of baicalein ;: it dissolved in dilute 
alkali with a scarlet colour, which rapidly changed through green to yellow with a tinge 
of green, without separation of green flocks. In addition, it gave indications of a positive 
gossypetone reaction (Perkin, J., 1913, 103, 656); the quantity available, however, was 
too small for the complete application of the test. It cannot, therefore, be baicalein, and 
this view was confirmed by a mixed m. p. comparison; it can only be 5: 7 : 8-trimethoxy- 
flavone (VI). Hattori’s product (cf. Nierenstein, Acta Phytochim., 1932, 6, 173; Hattori, 
ibid., p. 176), on the other hand, which was obtained by the action of hydriodic acid on 
wogonin, 5:7: 8-trimethoxyflavin, 7 : 8-dimethoxy-5-ethoxyflavone, and 2:3:4:6- 
tetramethoxydibenzoylmethane (the product from this was usually mixed with baicalein), 
had m. p. 226—227°, and was regarded by him as 5:7: 8-trihydroxyflavone, — 
only acetyl derivatives were analysed. 

A re-examination of the hydriodic acid demethylation of natural wogonin (VII) gave 
a product with m. p. 247—248°, depressed by admixture with (VI; m. p. 250—251°), 
but not with baicalein (m. p. 264°). Further, this new product gave the characteristic 
alkali colour reaction for baicalein. Hattori (Acta Phytochim., 1935, 5, 109) reports for 
his product (m. p. 226—227°) an alkali colour reaction similar to that given by baicalein, 
and he may have had in hand a mixture of baicalein and 5: 7 : 8-trihydroxyflavone; we 
do not, however, wish finally to exclude the possibility of 5:7 : 8-trihydroxyflavone 
existing in dimorphic forms (m. p. 226—227°; 250—251°). The fact that Hattori’s 
5:7: 8-trihydroxyflavone gives an absorption spectrum very similar to wogonin and its 
monomethyl ether supports this latter view (see ibid., 1931, 5, 233). 

The disagreement among various workers in regard to the action of hydriodic acid on 
O-alkylated 5:7 : 8-trihydroxyflavones not containing a 3-methoxy-group is probably 
due to the difficulty of isolation of pure products when dealing with small quantities of 
material, and, although the results given above definitely show rearrangement, they are 
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put forward with reserve. It is suggested that demethylation is accompanied by opening 
of the pyrone ring, followed by ring closure with formation of 5:6: 7- or 5:7: 8-tri- 
hydroxyflavones. Of interest in this connection is the fact that 2:3:4:6-tetra- and 
2:3:4:6: 4'-penta-methoxydibenzoylmethanes give mixtures of 5:6:7- and 5:7: 8- 
derivatives on treatment with hydriodic acid (Bargellini, Gazzetta, 1919, 49, ii, 47; Hattori, 
Acta Phytochim., 1931, 5, 219). 

If these contentions are correct, then it is unsafe to assign a 5:6: 7-structure to an 
alkoxy-flavone because it gives a 5: 6: 7-trihydroxyflavone on treatment with hydriodic 
acid, unless remethylation is carried out for the purpose of further comparison; aluminium 
chloride would appear to be a safer demethylating agent. In Part I (loc. cit.) emphasis was 
laid on the fact that demethylation of oroxylin-A with hydriodic acid gave baicalein ; 
we no longer regard this evidence of structure as cogent, and prefer to base the constitution 
assigned to oroxylin-A on its colour reactions, and the correspondence of its O-alkylated 
derivatives with those of baicalein. 

Synthesis of Wogonin.—Wogonin, which has not previously been synthesised, was 
isolated by Takahashi (Chem. Zentr., 1889, II, 620) from the roots of Scutellaria baicalensis 
Georgi. Its constitution was first investigated by Shibata, Iwata, and Nakamura (Acta 
Phytochim., 1923, 1, 105), and later by Hattori (ibid., 1930, 5, 99), who assigned to it the 
structure 5: 7-dihydroxy-8-methoxyflavone (1H,O; VII). Partial demethylation of 
(III) was effected with aluminium chloride under mild conditions (Gulati and Venkatara- 
man, J., 1936, 267) with production of a dihydroxymethoxyflavone, having m. p. 200— 
201°, not depressed by admixture with a sample of authentic natural wogonin to which it 
corresponded in analysis and properties. Methylation of the synthetic product with 
diazomethane gave 5-hydroxy-7 : 8-dimethoxyflavone, and, with methyl sulphate and 
alkali, 5 : 7: 8-trimethoxyflavone (IV; identical with the methylation product of III), 
with properties in agreement with those described for those products by Hattori (loc. cit.). 

2 : 4-Dihydroxy-3 : 6-dimethoxyacetophenone (II) was partly demethylated with 
aluminium chloride to a monomethoxy-ketone which is presumably the iretol derivative 
2:4: 6-trihydroxy-3-methoxyacetophenone (VIII), the 5-methoxy-group being, it is assumed, 
preferentially attacked. This ketone was benzoylated by the fusion method in the hope 
of obtaining (I), but no definite product could be isolated. 


EXPERIMENTAL. 


Isolation of Baicalein, Sitosterol, and Galactose from the Root-bark of Oroxylum indicum, 
Vent.—Baicalein (V). The-aqueous-alcoholic mother-liquor, obtained after crystallisation 
of oroxylin-A (Part I, loc. cit.), was concentrated to small bulk; the resulting precipitate, 
after frequent crystallisation from dilute alcohol (charcoal) and from xylene, formed yellow 
needles, m. p. 264—265°, not depressed by authentic baicalein, to which it corresponded in 
properties and analysis. 

Sitosterol. The fatty matter obtained by extraction of the root-bark with light petroleum 
was saponified with alcoholic potassium hydroxide, alcohol was removed under diminished 
pressure, and the residue dissolved in water. Ether extraction of the aqueous solution yielded 
a product which, after crystallisation from dilute alcohol (charcoal), had m. p. 136—137° 
(acetate, m. p. 127°) (Found, after drying at 100°: C, 81-8; H, 12-0. Calc. for C,,H,,0,4H,O : 
C, 82-0; H, 11-9%); it gave the Burkhardt—Liebermann test and corresponded in properties 
to sitosterol (m. p. 137°; acetate, m. p. 127°). 

Galactose. The crystalline solid which was deposited in the Soxhlet flask during extraction 
of the root-bark with acetone was washed with light petroleum and with ether, and dissolved 
in the minimum quantity of water. Alcohol was added to turbidity, and the solution kept at 
0° overnight. The crystals thus obtained had m. p. 164°, not depressed by authentic galactose. 
This result was confirmed by preparation of the osazone and by oxidation of the sugar to mucic 
acid (mixed m. p. with acid from authentic galactose). 

Preparation of 2: 4-Dihydroxy-3 : 6-dimethoxyacetophenone (II).—2: 6-Dibenzyloxyquinol 
was prepared as described by Baker, Nodzu, and Robinson (loc. cit.), but the reaction was 
accelerated by using three times the quantity of sulphuric acid (25%) and of alcohol. These 
authors’ preparation of 2 : 5-dimethoxyresorcinol was modified as follows. A mixture of 2: 6- 
dibenzyloxy-1 : 4-dimethoxybenzene (10 g.), prepared from 2 : 6-dibenzyloxyquinol as described 
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by them, glacial acetic acid (70 c.c.), and hydrochloric acid (d 1-16; 30 c.c.) was kept at 65— 
70° for an hour; an equal volume of water was added, and the solution evaporated under 
diminished pressure to a syrup, which was extracted thrice (3 x 100 c.c.) with boiling water. 
The aqueous solution, after concentration to one-third of its original volume, was saturated 
with ammonium sulphate, and extracted several times with ether. After removal of the ether, 
2 : 5-dimethoxyresorcinol was obtained as a light-brown, uncrystallisable oil (3-5 g.); its 
aqueous solution gave a weak bluish-violet coloration with aqueous ferric chloride. 

The last compound, when treated according to Wessely and Moser (loc. cit.), afforded (II), 
with m. p. (129°) and properties as described by them (Found: C, 57-2; H, 5-6; OMe, 27-2. 
Calc. for C1)H,,0,: C, 56-6; H, 5:7; OMe, 29-3%). 

Fusion of (11) with benzoic anhydride and sodium benzoate: 7-hydroxy-5 : 8-dimethoxyflavone 
(III). An intimate mixture of (II) (0-5 g.), benzoic anhydride (2-5 g.), and sodium benzoate 
(1-25 g.) was heated at 180—185° (oil-bath) for 8 hours. The product was boiled under reflux 
for 20 minutes with alcohol (70 c.c.) and sodium hydroxide (1-2 g. in 2 c.c. of water). Alcohol 
was removed under reduced pressure, and the residue dissolved in water (50 c.c.). The aqueous 
solution was saturated with carbon dioxide, and the precipitated crude flavone was collected, 
washed with water, and crystallised twice from methyl alcohol; m. p. 287—288°; yield 0-25 g. 
(Found: C, 67-7; H, 4:9; OMe, 20-0. C,,H,,O, requires C, 68-4; H, 4:8; OMe, 20-8%). 
The substance dissolved in alkali with a deep yellow colour, and its alcoholic solution did not 
develop any coloration with alcoholic ferric chloride, showing the absence of (I). It was in- 
soluble in most organic solvents. In methyl-alcoholic solution it gave a yellowish-white 
coloration with alcoholic lead acetate, and after an interval, a yellowish-white precipitate. It 
developed an orange coloration with magnesium and hydrochloric acid in aqueous-alcoholic 
solution, The above condensation was repeated at 155—160° and at 199—200°, but the yield 
in both cases was only 60% of the above. 

Methylation of (III): 5:17: 8-trimethoxyflavone (IV). The foregoing flavone (0-05 g.), 
dissolved in aqueous potassium hydroxide (20%; 0-5 c.c.), was treated with methyl sulphate 
(0-5 c.c.), and the resulting precipitate dissolved by heating at 100°. Methyl sulphate and 
potassium hydroxide solution (20%) in large excess were added alternately, dropwise, with 
heating, the mixture being kept alkaline throughout. The solution was diluted to three times 
its volume, whereby crude, completely methylated flavone was precipitated. After crystallis- 
ation from water and alcohol, it formed long colourless needles, corresponding in m. p. (167— 
168°), analysis (Found, after drying at 150—160°/2—3 mm.: C, 69-4; H, 5-5. Calc. for 
C,,H,,0O,: C, 69-2; H, 5-1%), and properties (absence of ferric chloride coloration; insolubility 
in dilute alkali) to 5: 7: 8-trimethoxyflavone. Its m. p. was not depressed by admixture with 
a sample of fully methylated wogonin, but was markedly lowered by addition of dimethyl- 
oroxylin-A. 

Demethylation of (III) with hydriodic acid: 5:6: 1-trihydroxyflavone (V). A mixture of 
(III; 0-05 g.), acetic anhydride (1-25 c.c.), and hydriodic acid (d 1-5; 1-25 c.c.) was heated 
under reflux at 145—150° (oil-bath) for 2 hours, and the cooled mixture poured into a saturated 
solution of sodium hydrogen sulphite. The precipitate was boiled with water, and twice 
crystallised from dilute alcohol and once from boiling xylene, from which it separated (0-01 g.) 
in yellow shining needles, m. p. 265—266°, not depressed by admixture with authentic baicalein, 
to which it corresponded in analysis (Found: C, 66-5; H, 3-9. Calc. for C,;H,,O,;: C, 66-7; 
H, 3-7%) and properties. 

Demethylation of (III) with anhydrous aluminium chloride (1—3 mols.) : 5: '7 : 8-trihydroxy- 
flavone. A mixture of (III; 0-1 g.) and anhydrous aluminium chloride (0-14 g.) with dry 
nitrobenzene (2 c.c.) was heated at 100° for 70 minutes. The resulting viscous mass was 
treated with ice and hydrochloric acid, and nitrobenzene removed in steam. The residual 
aqueous solution deposited on cooling a flocculent yellow mass which, when collected and 
crystallised thrice from dilute alcohol, formed deep golden-yellow needles, m. p. 250—251°, 
depressed by admixture with baicalein (Found : C, 66-0; H, 3-7; OMe, 0. Calc. for C,,H,,O; : 
C, 66-7; H, 3-7%). The substance dissolved in dilute alkali with a scarlet colour, which rapidly 
changed through green to yellow with a tinge of green, without any separation of green flocks. 
Alcoholic lead acetate gave an orange-red precipitate, and alcoholic ferric chloride developed 
a deep green colour, which finally changed to bluish-green. With p-benzoquinone in alcoholic 
solution, it gave a reddish-brown coloration, followed by separation of a precipitate (cf. Perkin, 
loc. cit.); the minute quantity available prevented further testing of the precipitate. 

Variations in the proportion of aluminium chloride between 1 and 3 mols. did not alter the 
nature of the product. 
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Demethylation of Wogonin by Means of Hydriodic Acid.—A sample of wogonin, treated with 
hydriodic acid in the manner described for (III), gave a product which, on recrystallisation 
from dilute alcohol, had m. p. 247—-248°, depressed by admixture with (VI), but not by addition 
of baicalein, to the specific alkali coloration of which it also answered. 

Partial Demethylation of (III): Synthesis of Wogonin (VII).—A mixture of (III; 0-23 g.), 
anhydrous aluminium chloride (0-075 g.), and nitrobenzene (2 c.c.) was heated at 100° for 105 
minutes, additional nitrobenzene (1 c.c.) added, and heating continued for 45 minutes. After 
addition of ice and hydrochloric acid, nitrobenzene was removed in steam, and the aqueous 
residue kept at 0° overnight. The resulting precipitate was extracted with boiling water 
(1000 c.c.), the residue was dissolved in alcohol, and the solution treated with water to turbidity, 
deep yellow needles separating. After two recrystallisations from dilute alcohol, the product 
(0-07 g.) had m. p. 200—201°, not depressed by natural wogonin, to which it corresponded in 
properties and analysis (Found: C, 65-5; H, 4:2; OMe, 10-5. Calc. for C,,H,,0;,4H,O : 
C, 65-5; H, 44; OMe, 10-6%. Found, in material dried at 155—165°/1 mm.: C, 67:4; 
H, 4-6. Calc. for C,,H,,0,;: C, 67-6; H, 42%). 

Methylation of Synthetic Wogonin.—{i) With diazomethane : 5-hydroxy-7 : 8-dimethoxyflavone. 
A solution of (VII; 0-02 g.) in dry ether (5 c.c.) was added to an ethereal solution of diazo- 
methane, and the solvent allowed to evaporate spontaneously. The pale yellow residue, after 
two recrystallisations from dilute alcohol, had m. p. 178—179° (lit., 183°). 

(ii) With methyl sulphate and alkali: 5:17 : 8-trimethoxyflavone (IV). A solution of (VII; 
0-02 g.) in aqueous potassium hydroxide (0-2 c.c.; 20%) was completely methylated as described 
for (III). The product on recrystallisation from dilute alcohol and water was identical 
with (IV). 

Partial Demethylation of (II) with Anhydrous Aluminium Chloride: 2: 4: 6-Trihydroxy-3- 
methoxyacetophenone (VIII).—A mixture of (II; 1-5 g.), anhydrous aluminium chloride (0-6 g.), 
and dry nitrobenzene (6 c.c.) was heated at 100° for 1 hour, and the product treated with ice 
and hydrochloric acid and steam-distilled. The residual aqueous solution deposited on cooling 

yellowish needles, m. p. 188° after crystallisation from dilute alcohol (Found: C, 54-6; H, 
5-0; OMe, 15-4. C,H,.O, requires C, 54-5; H, 5-1; OMe, 15-7%); these gave in alcoholic 
solution with ferric chloride a deep reddish-violet coloration, and with alkali a yellow coloration. 
Benzoylation by fusion under the usual conditions at 180° yielded no satisfactory product. 


We are indebted to Prof. S. Hattori, of the Botanical Institute, Imperial University, Tokyo, 
Japan, for a specimen of natural wogonin, and to Dr. Jivraj Mehta and Prof. A. S. Paranjpe, 
of Seth G.S. Medical College, Bombay, for providing facilities for most of this work in the 
Pharmacological Laboratories of that College. 


IsmMaIL COLLEGE, SETH G.S. MEDICAL COLLEGE, AND 
Roya. INSTITUTE OF SCIENCE, BoMBay. [Received, July 12th, 1938.] 





291. Estimation of Deuterium Oxide—Water Mixtures. Part II. The 
Solubility Curves with n-Butyric Acid and with isoButyric Acid. 


By WILLIAM H. PATTERSON. 


The solubility curves which these acids give, severally, with various mixtures of 
light and heavy water have been traced. The result gives an easy and speedy method 
of analysing small samples of heavy water. 


In a recent note (J., 1937, 1745) the author recorded determinations of the mutual solubility 
of various deuterium oxide—water mixtures with phenol, and suggested this as a means of 
estimating the D,O content of small samples (a few cg.) of the isotopic mixtures. The 
method has now been extended to the use of either »- or iso-butyric acid instead of phenol. 
These reagents have two advantages: (1) The effect is greater, for replacement of water by 
99-6% deuterium oxide raises the C.S.T. with phenol by 12-2°, that with m-butyric acid by 
23-6°, and that with isobutyric acid by 19-5°. (2) In these systems the range of opalescence, 
wider in regions beyond those near critical concentration, is much reduced. On the other 
hand, it is apparently impossible to obtain pure, or standard, samples of either of the above 
acids, 
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EXPERIMENTAL. 


The sample of n-butyric acid used for the following determinations, i.e., Kahlbaum’s synthetic, 
gave reliable results reproducible after several months; although it had a lower f. p. than that 
of Kahlbaum’s purest (— 7-1°; cf.—6-8°), it gave a flatter curve and lower C.S.T. In addition, 
samples obtained from it by fractional freezing showed much smaller variation and alteration 
of the C.S.T. than did samples similarly obtained from the higher-f. p. acid. 

The sample of isobutyric acid, f. p. ca. — 44°, had a C.S.T. of 21-90° in water; the miscibility 
curve with water was similar to, but higher than, that obtained by Smirnoff (Z. physikal. Chem., 
1907, 58, 667), and also to one previously obtained with a different sample, but was lower than 
many recorded. The rise of C.S.T. with n-butyric acid when heavy replaces ordinary water is 
given by Timmermans and Poppe (Compt. rend., 1935, 201, 608) as 23-45° with acid giving a 
C.S.T. with water of — 3-8°; whereas it was 23-60° with the present sample, which has a 
C.S.T. of — 1-60°. No data have hitherto been published for isobutyric acid. 

The following figures represent results with different samples of heavy water, used as a 
check on the guaranteed D,O content. The determinations were made soon after mixing with 
the acid, otherwise results tended to be low; e.g., 1° lowering was found after a month in sealed 

glass, and the rate of lowering was not affected by temperature up to 100°. It was also found 
necessary to reject any samples when water of high deuterium oxide content had been confined 
in tubes with rubber stoppers for more than an hour, for these, too, yielded low results. 











































n-Butyric acid. 
D,O 99-95% (N = 0-999). 


BO, We seccenssceessce 51-1 38-03 23-44 P : 

BEBE cE 0 scceseccerecess 17-20° 21-28° 21-80° 
D,O 99-6% (N = 0-996). 

BAI, G, vecrsecessersee 47-4 43-4 42-2 41-6 37-0 33-2 30-2 27-8 

pe 18-6° 20-16° 20-30° 20-45° 21-10° 21-40° 21-80° 21-94° 

| er 27-24 25-70 25-68 24-5 23-9 22-3 18-9 17-0 

MEME cD « ssecevasevetee 22-00° 21-97° 21-92° 22-0° 21-8° 21-6° 19-8° 16-5° 


Max., 22-00°; u-butyric acid, 25-5%. 
D,O 79-44% (N = 0-777). 


BEI, GW, ccescocsoeceese 55-6 47-3 40-6 38-0 33-8 30-4 29-2 
SERB « cescecccescesee 9-8° 14-6° 16-1° 16-5° 17-0° 17-25° 17-30° 
BM, Dy ccecccsvetecccs 26-1 24-9 23-2 21-6 19-1 17-3 

BEET « vevcevessvscees 17-40° 17-30° 17-0° 16-7° 15-0° 12-3° 


Max., 17-40°; n-butyric acid, 27%. 


D,O 66-76% (N = 0-644). 
ROM, % viscesevcvaceres 53-6 48-6 40-9 29-0 23-9 18-7 
MB MBE « sinvessensesses 8-2° 10-9° 12-75° 13-78° 13-2° 10-9° 
Max., 13-78°; n-butyric acid, 28%. 


D,O 52-65% (N = 0-500). 
BO  ssncenisinseois 51-8 43-7 35-9 29-2 25-5 
SME ol o sskecacsesiinns 6-3° 8-6° 83° 9-65° 9-5° 
Max., 9-65°; n-butyric acid, 29%. 
D,O 20-07% (N = 0-184). 
> rere 33-3 30-2 27-6 
WEAiall 6 ox0kinsstasunns 32° 3-25° 3-16° 
Max., 3-25°; n-butyric acid, 31%. 





D,O 19-53% (N = 0-179). } 
BABE, %, acovsccrescsces 49-1 45-8 41-0 36-7 36-6 28-7 26-1 22-0 f 
pk ee ae 1-75° 2-3° 2-6° 2-6° 2-8° 2-45° 1-1° 
Max., 2-9°; n-butyric acid, 31%. 
H,O (N = 0). 
BABB, codcvssicrgoese 67-6 55-7 54-6 52-0 46-1 43-4 40-5 37-5 
Pf & rn ca, —14-7° —5-2° —5-0° —3-9° —2-4° —1-92°  —1-90° —1-70° 
MN EE sciistaickscsics 36-9 35-9 31-4 29-5 28-9 27-6 26-1 24-4 
BE BEE ecocescocescess —1-67° —1-60°  —1-60° —1-65° -—1-7° —1-80°. —2-05° -—2-18° 
RMB, %, sccocaccossnees 23-5 23-4 20-0 
Feo cicsnteideninnie —2-2° —3-2° ca. —6-7° (metastable) 


Max., —1-60°; n-butyric acid, 33%. 
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isoButyric Acid. 
D,O 99-6% (N = 0-996). 
pi. A, oe 52-1 46-6 38-9 34-1 29-9 28-1 26-9 26-2 22-3 15:8 15:3 
M.M.T....... 36:40° 38-64° 40-21° 40-81° 41-23° 41-40° 41-23° 41-05° 40-20° 29-0° 28-8° 
Max., 41-40°; isobutyric acid, 28%. 
D,O 52-65% (N = 0-500). 
Acid, % 47:5; M.M.T. 28-41°. 
D,O 19-53% (N = 0-179). 
DOD, .. scnnctaratnsseiani 32-4 27-4 19-5 
| 3) & ae 25-60° 25-25° 18-2° 
H,O (N = 0). 
DER, Dee ivsssveontdnagenes 58-1 49-7 49-0 42-1 38-6 35-97 35-95 
2} a ee See 17-00° 20-01° 20-15° 21-20° 21-54° 21-79° 21-76° 
we 33-24 31-35 28-25 26-3 24:8 20-5 
DEON s deisicariqrinecscs 21-89° 21-90° 21-50° 20-90° 20-25° 15-2° 


Max., 21-90°; isobutyric acid, 32%. 


On plotting the curves for these figures, the method of analysi: of the D,O content of an 
unknown sample of heavy water is simple. An inclined straight line joins all the maxima of 
the curves. A similar straight line is also drawn on a sheet of celluloid and one of the curves 
traced on it also. The acid is then added to the heavy water sample so that its content is 
22—50% : with a fine dropper, it is surprising how nearly the critical concentration can be 
achieved. With practice also the position on the curve can be judged by the opalescence 
phenomena; but apart from this the curve on the celluloid is placed on the M.M.T. found, 

_ with the straight lines coincident, and then the corresponding C.S.T. can at once be read. 

The same curve may be used for all positions between the maximum and higher acid content ; 
but on the water side the curve becomes steeper with higher D,O content, and for accuracy 
the shape of the nearest curve should be used. 

Having obtained the C.S.T. for the unknown sample, a graph gives the corresponding 
percentage, or molar fraction (N), of D,O. This is not quite a straight line as it is inflected at 
52-65%, i.e., when it corresponds to HDO: a straight line would give a 3% error at this point. 


The only advantage of isobutyric acid over n-butyric lies in its being available at temper- 
atures above that of the room when mixtures of low D,O content are being tested. 

The method of analysis has already proved very useful in experiments on adsorption and 
interchange. 


QuEEN Mary CoLLeGE, UNIVERSITY oF LONDON. [Received, July 20th, 1938.] 





292. The Interaction of Diphenic Anhydride with Phenols and 
Hydrocarbons. ~ 


By FRANK BELL and FRED Briccs. 


\ Diphenic anhydride reacts with hydrocarbons, phenols, and phenolic ethers to give 
derivatives of 2-benzoyldiphenyl-2’-carboxylic acid and 2: 2’-dibenzoyldiphenyl. In 
spite of statements to the contrary in the literature, evidence for the production of 
compounds analogous te phenolphthalein and fluorescein is lacking. 


f / ALTHOUGH diphenic anhydride might be expected to resemble phthalic anhydride closely 
) in its reactions, comparatively little work has been done on its condensation with phenols 
and hydrocarbons. Bischoff and Adkins (J. Amer. Chem. Soc., 1923, 45, 1030) heated 
together diphenic anhydride, resorcinol, and zinc chloride and obtained a product which 
could not be crystallised from any of the common solvents. However, analysis of the 
impure sodium salt derived frorn it was held to favour a formula (I) analogous to that of 
fluorescein. Dutt (J., 1923, 128, 225), using similar conditions, isolated resorcinol- 
diphenein, C,,H,,0, (I), as prisms, m. p. 172°, showing a brilliant green fluorescence in 
alkalis, but Underwood and Kochmann (J. Amer. Chem. Soc., 1923, 45, 3071) ascribed to 
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it the m. p. 178—179° and the formula C,,H,,0,, and stated that it dissolves in alkalis 
without fluorescence. Underwood and Clough (7bid., 1929, 51, 583) state that resorcinol- 
diphenein may have the m. p. 249° but leave unsettled the relationship of the two forms. 


4 HO OH 


“Or ee: 
SB SS a 


(I.) (I1.) (II1.) 


The tetrabromo-derivative has been variously described as a pinkish-yellow precipitate, 
as a product C,,H,,0,;Br,, which could not be crystallised but dissolved in alkali with a 
blood-red colour, and as yellow crystals, C,,H,,0,Br,, m. p. 273°, soluble in alkali with a 
yellow colour. 

Phenoldiphenein (II) has been obtained by the condensation of phenol and diphenic 
anhydride in the presence of stannic chloride. Dutt states that it crystallises in needles, 
m. p. 134°, and dissolves in alkali with a pink colour; Underwood and Kochmann on the 
other hand describe it as rhombs, m. p. 250—251°, yielding a pale yellow solution in alkali. 

In addition, the condensations of diphenic anhydride with phloroglucinol (Dutt, loc. 
cit.), with pyrogallol (Underwood and Kochmann, Joc. cit.), with anisole (Underwood and 
Barker, ibid., 1930, 52, 4082) and with o-cresol (idem, ibid., 1936, 58, 642) have been 
described. It will be seen that the literature contains obvious discrepancies and it is 
the object of the present communication to clear the points at issue and to extend the work 
to include condensations with hydrocarbons. 

The condensation of resorcinol with diphenic anhydride under the action of zinc chloride 
is not a simple reaction. The resinous product dissolves in sodium hydroxide to yield a 
strongly fluorescent solution. Submitted to the process of purification advocated by Dutt 
and by Underwood and Kochmann, it gives a poor yield of an almost colourless, highly 
crystalline compound, m. p. 180° (decomp.), which dissolves in sodium hydroxide to yield 
a non-fluorescent solution. It suffers loss of alcohol above 180° and then melts at 256— 
257° and corresponds to the formula C,,H,,0,. This compound is more advantageously 
prepared from resorcinol and diphenic anhydride by use of stannic chloride as a condensing 
agent. No compound of formula C,,H,,0; was encountered. Bromination of this 
substance gave results in accord with those of Underwood and Kochmann. The product 
is therefore C,,H,,0,Br, and not C,,H,,O,;Br,. Moreover, since the sodium salt isolated 
by Bischoff and Adkins had the formula C,,H,,O,Na, and not C,,H,,0;Na,, there is, 
neglecting the analysis of Dutt, no evidence for a structure of type (I). Formula (III), 
advocated by Underwood and Kochmann, meets all the analytical data, as does (II) for the 
compound obtained by condensation of phenol and diphenic anhydride. However (IV) 
and (V) also meet the analytical requirements and appear preferable for the following 
reasons. 


m2 ve eo a PP re he oy Oxy 
GO GO 


(IV.) (VI.) 


(i) The colour reactions and PIER. “ of the “ dipheneins ” (Underwood, 
Harris, and Barker, J. Amer. Chem. Soc., 1936, 58, 643) are completely different from 
those of the phthaleins. 
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(ii) There is no evidence for a lactone ring in the molecule. Unless hydroxyl groups 
are present, as in (IV) and (V), the compounds, ¢.g. (VI), are insoluble under all conditions 
in sodium hydroxide solution. ' 

(iii) Methylation of “‘ resorcinoldiphenein”’ gives a compound identical with that 
obtained by interaction of resorcinol dimethyl ether and diphenic acid chloride in presence 
of alumininm chloride. The latter must almost certainly be (VI). 

(iv) Methylation of “‘ phenoldiphenein ” gives a compound identical with that obtained 
by interaction of anisole with diphenic acid chloride. 

The condensation of phenols with diphenic anhydride by means of stannic chloride has 
been examined in some detail. In most cases there was obtained a mixture of the 
appropriate diketone (V with various substitutents and with the hydroxyl groups ortho 
to the carbonyl groups in the case of p-substituted phenols) and the ketonic carboxylic 
acid (VII). The acids were colourless compounds, yielding pale yellow solutions with 
sodium hydroxide. The diketones with hydroxyl groups para to carbonyl were colourless 
solids, yielding deep yellow solutions with sodium hydroxide; those with o-hydroxyl 
groups were yellow and gave deep yellow, sparingly soluble sodium salts. #-Chlorophenol 
and f-bromophenol behaved quite differently and gave the corresponding esters, viz., 
p-chlorophenyl and p-bromophenyl diphenates. 


R OMe 


(VIII.) 


CO 


Next, it was found that phenolic ethers such as anisole and phenetole condense with 
diphenic anhydride in a similar manner to phenols. The 2-antsoyldiphenyl-2'-carboxylic 
acid so obtained reacted with sulphuric acid to give 4-antsoylfluorenone (VIII), alternatively 
prepared by condensation of fluorenone-4-carboxylic chloride with anisole. On the other 
hand, 2-p-ethoxybenzoyldiphenyl-2'-carboxylic acid with sulphuric acid gave progressively 
2-p-hydroxybenzoyldiphenyl-2'-carboxylic acid and then fluorenone-4-carboxylic acid. 
2: 2’-Dianisoyldiphenyl did not react with phenylhydrazine, semicarbazide or hydroxyl- 
amine under various conditions. This is probably due to steric factors. 

Treatment of hydrocarbons with diphenic anhydride in the presence of aluminium 
chloride gave the following results: (1) Benzene, toluene, and ethylbenzene underwent 
no reaction. The diphenic anhydride was recovered as diphenic acid and as fluorenone-4- 
carboxylic acid. (2) Diphenyl gave non-crystallisable material. (3) o-, m-, and #-Xylenes, 
mesitylene, and naphthalene gave derivatives of 2-benzoyldiphenyl-2’-carboxylic acid. 
é-Xylene in addition furnished 2 : 2’-bis-2” : 5’’-dimethylbenzoyldiphenyl, readily prepared 
by interaction of p-xylene with diphenic acid chloride. 

2-3” : 4”’- and 2-2” : 5’’-Dimethylbenzoyldiphenyl-2’-carboxylic acids with sulphuric acid 
gave the corresponding 4-dimethylbenzoylfluorenones; on the other hand, 2-2” : 4” : 6”- 
trimethylbenzoyl- and 2-2" : 4'’-dimethylbenzoyl-diphenyl-2'-carboxylic acids gave fluorenone- 
4-carboxylic acid (cf. Klages, Ber., 1899, 82, 1565; Weiler, ibid., 1908, on the splitting of 
substituted benzophenones). 

EXPERIMENTAL, 


An asterisk indicates microanalysis by Dr. G. Weiler of Oxford. 

Diphenic Acid.—Phenanthrene (Light’s 90—95%) was oxidised by the method of Underwood 
and Kochmann (J. Amer: Chem. Soc., 1924, 46, 2073), and the resultant phenanthraquinone, 
without purification by the troublesome bisulphite process, converted into diphenic acid, which 
was crystallised from acetic acid (yield, 484 g., m. p. 227—-229°, from 1 kg. of phenanthrene). 

51 
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Reaction of Diphenic Anhydride with Hydrocarbons.—Naphthalene. Diphenic anhydride 
(7 g.) was suspended in naphthalene (10 g.) dissolved in a little benzene, and aluminium chloride 
(10 g.) added; after 12 hours the deep red solution was decomposed with water, and the excess 
of naphthalene removed with steam. The residue was extracted with aqueous ammonia, the 
extract filtered from a considerable plastic residue and acidified with hydrochloric acid, and 
the precipitate dissolved in warm sodium bicarbonate solution. The sodium salt which 
separated in plates on cooling was filtered off, redissolved in hot water, and decomposed with 
hydrochloric acid. The precipitate was repeatedly crystallised from acetic acid and gave 
2-naphthoyldiphenyl-2'-carboxylic acid in needles, m. p. 180°, unchanged by recrystallisation 
from benzene (Found: equiv., 356. C,,H,,O, requires equiv., 352). 

m-Xylene. Aluminium chloride (20 g.) was added to a suspension of diphenic anhydride 
(20 g.) in dry m-xylene (about 50 c.c.); there was a brisk reaction with considerable evolution 
of hydrogen chloride. After 4 hours the deep red solution was decomposed with hydrochloric 
acid, and the excess of xylene removed in steam. The residual solid was filtered off, freed from 
diphenic acid (7 g.) by extraction with dilute aqueous ammonia, and crystallised from acetic 
acid. It furnished 2-2” : 4’’-dimethylbenzoyldiphenyl-2'-carboxylic acid in prisms, m. p. 194°, 
unchanged by recrystallisation from benzene (Found *: C, 80-6; H, 5-3. (C,,H,,0, requires 
C, 80-0; H, 5-4%). This substance was soluble in hot sodium hydroxide solution; on addition 
of hydrochloric acid it separated as an oil which almost immediately solidified. It dissolved 
in cold sulphuric acid to form a bright yellow solution, from which it was precipitated unchanged 
by water. If the solution was heated at 150° for } hour, decomposition occurred to give 
fluorenone-4-carboxylic acid. 

o-Xylene. The procedure was that described for m-xylene. After removal of the excess 
of xylene the residual plastic mass was soluble in dilute aqueous ammonia. It wasreprecipitated 
with hydrochloric acid and separated into diphenic acid (insoluble in cold benzene) and 2-3” : 4’’- 
dimethylbenzoyldiphenyl-2'-carboxylic acid (easily soluble in benzene). After crystallisation 
from aqueous alcohol the latter formed needles, m. p. 114—117° (Found : equiv., 329. C,.H,,0, 
requires equiv., 330); from acetic acid it crystallised in needles, m. p. 93—95°, which regained 
the original m. p. on recrystallisation from aqueous alcohol. 1 G. was heated with sulphuric 
acid (2 c.c.) at 120° for } hour, and the solution poured into water. The precipitate, 
recrystallised from alcohol, gave 4-3’ : 4’-dimethylbenzoylfiuorenone in yellow plates, m. p., 
144° (Found *: C, 83-9; H, 5-1. C,,H,,O, requires C, 84-6; H, 5-1%), alternatively prepared 
in almost quantitative yield by the interaction of fluorenone-4-carboxylic chloride and o-xylene 
in the presence of aluminium chloride. 

p-Xylene. As for m-xylene. The product was readily separated into 2: 2’-bis-2” : 5’’- 
dimethylbenzoyldiphenyl (insoluble in aqueous ammonia), 2-2” : 5’’-dimethylbenzoyldiphenyl-2'- 
carboxylic acid (soluble in aqueous ammonia and benzene), and diphenic acid (soluble in aqueous 
ammonia but insoluble in cold benzene). The first crystallised from acetic acid in colourless 
prisms, m. p. 148° (Found *: C, 85-5; H, 6-2. C,9H,,O, requires C, 86-1; H, 6-2%), and was 
alternatively prepared as follows: Aluminium chloride (10 g.) was added slowly to a solution 
of diphenic acid dichloride (6 g.) in p-xylene (12 c.c.), water added after 1 hour, and the excess 
of p-xylene removed with steam. The residue, after solidification, was filtered off, powdered, 
extracted with aqueous ammonia to remove diphenic acid and crystallised from acetic acid. 

2-2" : 5’’-Dimethylbenzoyldiphenyl-2’-carboxylic acid crystallised from aqueous alcohol 

in needles, m. p. 163—165° (Found: equiv. 326). With sulphuric acid at 120° it gave 4-2’ : 5’- 
dimethylbenzoylfluorenone, which formed yellow needles, m. p. 143° (Found*: C, 83-8; H, 
4:9%). 
Mesitylene. As for m-xylene. 2-2” : 4” : 6'’-Trimethylbenzoyldiphenyl-2'-carboxylic acid 
crystallised from acetic acid in plates or from benzene as a white powder, m. p. 213° (Found * : 
C, 80-5; H, 5-6. C,,H».O, requires C, 80-2; H, 58%). It was very sparingly soluble in 
aqueous ammonia, but dissolved in hot dilute sodium hydroxide solution ; it could be recovered 
unchanged from potassium hydroxide at 220° or after boiling with stannic chloride for 1 hour, 
but with sulphuric acid at 100° it gave fluorenone-4-carboxylic acid. 

Benzene, toluene, ethylbenzene. As for m-xylene. The end product consisted of diphenic 
acid together with fluorenone-4-carboxylic acid. Diphenic acid was recovered unchanged after 
heating with aluminium chloride at 150° for 5 hours. 

Diphenyl. As for naphthalene. The end product consisted of diphenic acid and much 
resinous material. 

Reaction of Diphenic Anhydride with Phenolic Ethers——Anisole. The procedure was that 
described for m-xylene. The resinous product was extracted with dilute aqueous ammonia, 





[1938] Diphenic Anhydride with Phenols and Hydrocarbons. 1565 


only a small residue (1 g.) of 2: 2’-dianisoyldiphenyl remaining. The extract on acidification 
gave a viscous mass, which crystallised from acetic acid in needles, m. p. 115°; these slowly 
lost acetic acid at 100°. On recrystallisation from alcohol, acetic acid was removed and 
2-anisoyldiphenyl-2'-carboxylic acid was obtained in white prisms, m. p. 155° (Found: equiv., 
330. C,,H,,O, requires equiv., 332). 5 G. were heated with sulphuric acid (10 c.c.) at 120° 
for } hour, and the dark coloured solution poured into water. The semi-solid material was 
extracted with aqueous ammonia, which removed fluorenone-4-carboxylic acid, and the residue 
repeatedly crystallised from acetic acid to yield 4-anisoylfluorenone in yellow prisms (0-5 g.), 
m. p. 115° (Found *: C, 80-2; H, 4:3. C,,H,,O3 requires C, 80-3; H, 45%). After diphenic 
anhydride (5 g.), anisole (10 c.c.), and sulphuric acid (2 c.c.) had been heated at 120° for 7 hours, 
no compound other than diphenic acid was isolated from the product. 

2 : 2’-Dianisoyldiphenyl was alternatively prepared by interaction of diphenic acid chloride 
and anisole (cf. preparation of 2 : 2’-bis-2”’ : 5’’-dimethylbenzoyldiphenyl). 2-Anisoyldipheny]l- 
2’-carboxylic acid was obtained as a by-product. 

Phenetole. As for anisole. 9-2 G. of diphenic anhydride gave as the only isolated product 
11 g. of purified 2-p-ethoxybenzoyldiphenyl-2'-carboxylic acid. This crystallised from alcohol in 
prisms, m. p. 178—180° (Found : equiv., 343. C,.H,,0O, requires equiv., 346). 5G. in sulphuric 
acid (10 c.c.) were heated at 120° for } hour, and the solution poured into water; the resultant 
gum on repeated crystallisation from acetic acid was separated into unchanged substance, 
fluorenone-4-carboxylic acid, and 2-p-hydroxybenzoyldiphenyl-2'-carboxylic acid. The last 
crystallised in needles, m. p. 223° (Found *: C, 74-6; H, 4-5. C,9H,,O, requires C, 75-4; 
H, 4:-4%); it was converted into fluorenone-4-carboxylic acid on heating with sulphuric acid 
at 150° for } hour. 2-p-Ethoxybenzoyldiphenyl-2’-carboxylic acid was recovered unchanged 
after heating with thionyl chloride or stannic chloride for 1 hour (both reaction mixtures were 
decomposed with water before being worked up). 

Reaction of Diphenic Anhydride with Phenols.—General process. The phenol (10 g.), diphenic 
anhydride (5 g.), and stannic chloride (5 c.c.) were heated in an oil-bath at 120° for 5—6 hours. 
The excess of phenol was removed in steam, and the residue (usually a plastic mass) allowed to 
harden, separated by decantation or filtration, and treated as described under the individual 
phenols. 

p-Chlorophenol. The product was insoluble in hot sodium hydroxide solution. It crystal- 
lised from alcohol, yielding p-chlorophenyl diphenate in colourless plates, m. p. 89° (Found *: 
C, 67-2; H, 3-6; Cl, 15-3. C,,H,,0,Cl, requires C, 67-4; H, 3-5; Cl, 15-3%), readily hydrolysed 
by alcoholic potash to yield diphenic acid. 

p-Bromophenol. The product consisted of diphenic acid and p-bromophenyl diphenate, which 
were readily separated by means of sodium hydroxide. The diphenate crystallised from alcohol 
in colourless plates, m. p. 100° (Found *: Br, 28-9. C,,.H,,0,Br, requires Br, 29-0%). 

Phenol. (a) The residual brown solid obtained by the general process was dissolved in 
warm dilute sodium hydroxide solution and, after filtration, reprecipitated with hydrochloric 
acid. The precipitate was readily soluble in cold acetic acid, but the solution soon began to 
deposit crystals. After some hours the crop was filtered off and recrystallised from acetic acid 
(100 c.c. of boiling acid required), 2: 2’-bis-4”-hydroxybenzoyldiphenyl being obtained in 
prisms, m. p. 245°. From the mother-liquor a small yield of 2-p-hydroxybenzoyldiphenyl-2’- 
carboxylic acid (above) was isolated. 0-75 G. of this was heated with phenol (1-5 g.) and 
stannic chloride (1 c.c.) for 5 hours at 120°; 0-2 g. of purified 2 : 2’-bis-4”-hydroxybenzoyl- 
diphenyl was isolated from the product. 

A solution of 2: 2’-bis-4’-hydroxybenzoyldiphenyl in aqueous sodium hydroxide (pale 
yellow: no trace of pink) was shaken with methyl sulphate. The liquid soon filled with a 
precipitate, which on crystallisation from alcohol furnished 2 : 2’-dianisoyldiphenyl] in lustrous 
plates, m. p. 155°, insoluble in even boiling sodium hydroxide solution. Underwood and 
Barker (J. Amer. Chem. Soc., 1930, 52, 4084) effected this conversion by means of methyl 
iodide. 

(b) Diphenic anhydride (5 g.) and phenol (10 g.) were heated together at 125° for 5 hours, 
and the excess of phenol removed in steam. The residual phenyl hydrogen diphenate crystallised 
from acetic acid or benzene-light petroleum in prisms, m. p. 139° (Found *: C, 75-2; H, 4-4. 
C.5H,,0O, requires C, 75-4; H, 4-4%). This ester could be reprecipitated unchanged from 
solution in aqueous ammonia, but was rapidly hydrolysed by sodium hydroxide solution (equiv., 
280—159 depending on the conditions of titration). 5 G. in tetrachloroethane (15 c.c.) were 
treated with aluminium chloride (5 g.), and the mixture heated at 120° for 1 hour; the products 
isolated were fluorenone-4-carboxylic acid (0-5 g.), diphenic acid, and gummy material. By 





Beli and Briggs: The Interaction of 


heating phenyl hydrogen diphenate in sulphuric acid solution at 100° for } hour, fluorenone- 
4-carboxylic acid was obtained in good yield. 

(c) Aluminium chloride (15 g.) was added to a suspension of diphenic anhydride (8 g.) in a 
solution of phenol (15 g.), in benzene (15 c.c.), a brisk reaction ensuing. The mixture was left 
overnight and decomposed with hydrochloric acid, and the benzene and the excess of phenol 
removed in steam. The residue was almost pure phenyl hydrogen diphenate. 

(d) A mixture of diphenic anhydride (7 g.), phenol (14 g.), and sulphuric acid (2 c.c.) was 
maintained at 115° for 5 hours, then poured into water, and the excess of phenol removed by 
evaporation. The residual solid was filtered off, dissolved in aqueous ammonia, and 
reprecipitated by hydrochloric acid. The oil which separated slowly solidified to a plastic mass, 
which was fractionally crystallised from acetic acid. 2-p-Hydroxybenzoyldiphenyl-2’- 
carboxylic acid (1-5 g.) was obtained. 

o-Cresol. (a) As for phenol (a). The product consisted of 2: 2’-bis-6’-hydroxy-m- 
toluoyldiphenyl (Underwood and Barker, loc. cit.), with some 2-6”-hydroxy-m-toluoyldiphenyl- 

‘-carboxylic acid (Found *: C, 75-8; H, 4:9. C,,H,,0O, requires C, 75-9; H, 4:8%), which 
crystallised from acetic acid in needles, m. p. 207°. When heated in sulphuric acid solution 
at 120° for } hour, the latter compound gave fluorenone-4-carboxylic acid, whereas the former 
gave only water-soluble compounds. 

(b) As for phenol (d). 2-6’-Hydroxy-m-toluoyldiphenyl-2’-carboxylic acid was obtained 
in small yield. : 

m-Cresol. Treatment of the condensation product with dilute aqueous sodium hydroxide 
gave a yellow residue (A) and a solution, which on acidification gave a black tar (B). The 
residue A was decomposed with hydrochloric acid and then on crystallisation from alcohol or 
acetic acid gave 2: 2’-bis-5’-hydroxy-o-toluoyldiphenyl in prisms, m. p. 147° (Found *: C, 
78-7; H, 5-5. CygH,,O, requires C, 79-6; H, 5-2%). B was dissolved in hot alcohol and the 
solution on cooling deposited prisms, m. p. 120° (decomp.); recrystallisation raised the 
decomposition point to 123—125°, at which temperature about 8% of ethyl alcohol was evolved. 
The residual glassy mass was very soluble in acetic acid, benzene, and chloroform and was not 
rendered crystalline by light petroleum. It readily crystallised from alcohol and appeared to 
be an isomeric bishydroxytoluoyldiphenyl (Found *: C, 77-1; H, 6-1. C,,H,.0,,C,H,-OH 
requires C, 76-9; H, 6-0%). It was insoluble in sodium carbonate solution. 

p-Cresol. The condensation product was separated into 2: 2’-bis-4’-hydroxy-m-toluoyl- 
diphenyl, insoluble in sodium hydroxide solution, and 2-4’-hydroxy-m-toluoyldiphenyl-2'- 
carboxylic acid, soluble in that solvent. The former crystallised from alcohol or acetic acid in 
pale yellow prisms, m. p. 205° (Found *: C, 79-0; H, 5-2%), coloured bright yellow by sodium 
hydroxide solution, and the latter from alcohol in pale yellow prisms, m. p. 190—194° (Found * : 
C, 75-3; H, 49. C,,H,,O, requires C, 75-9; H, 4:8%), easily soluble in aqueous sodium 
hydroxide to yield a bright yellow solution. - 

m-4-Xylenol. The product was boiled with, sodium hydroxide solution and filtered hot. 
The residue was boiled with hydrochloric acid and then repeatedly crystallised from acetic 
acid, 2: 2’-bis-2”-hydvoxy-3" : 5''-dimethylbenzoyldiphenyl being obtained in bright yellow 
needles, m. p. 168° (Found *: C, 79-3; H, 5-7. C,9H,,O, requires C, 80-0; H, 5-8%). 

p-Xylenol. The product was extracted with dilute aqueous ammonia, the residue dissolved 
in sodium hydroxide solution, and the filtered solution acidified with hydrochloric acid. The 
precipitate, crystallised from acetic acid, gave 2: 2’-bis-4”-hydroxy-2” : 5’’-dimethylbenzoyl- 
diphenyl in colourless needles, m. p. 252° (Found *: C, 79-2; H, 5-8%). 

The ammoniacal extract was treated with hydrochloric acid, and the precipitate crystallised 
from acetic acid. It gave 2-4”-hydroxy-2” : 5’-dimethylbenzoyldiphenyl-2'-carboxylic acid in 
prisms, m. p. 245° (Found *: C, 75-7; H, 5-1. C,,H,,O, requires C, 76-3; H, 5:2%). 

o-4-Xylenol. The product became bright yellow on heating with sodium hydroxide 
solution. After cooling, the solid was filtered off, warmed with hydrochloric acid, most of the 
colour being discharged, and crystallised from acetic acid. 2: 2’-Bis-2’'-hydroxy-4” : 5”- 
dimethylbenzoyldiphenyl was obtained in pale yellow prisms, m. p. 163° (Found *: C, 79-3; H, 
57%). The material soluble in sodium hydroxide solution was reprecipitated with hydro- 
chloric acid and then repeatedly crystallised from acetic acid, 2-2’-hydroxy-4” : 5’’-dimethyl- 
benzoyldiphenyl-2'-carboxylic acid being obtained in colourless prisms, m. p. 177° (Found *: 
C, 76:1; H, 55%). 

Thymol. The product was separated into 2 : 2’-bis-4”-hydroxy-2''-methyl-5’’-isopropylbenzoyl- 
diphenyl, insoluble in aqueous ammonia, and 2-4’-hydroxy-2’-methyl-5’-isopropylbenzoyl- 
diphenyl-2'-carboxylic acid. The former crystallised from acetic acid in colourless needles, 
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m. p. 258° (Found *: C, 80-1; H, 6-6. (C,,H,,0, requires C, 80-6; H, 6-7%), and the latter 
from acetic acid in colourless prisms, m. p. 245°, soluble in warm sodium bicarbonate solution 
with a pale yellow colour (Found *: C, 76-2; H, 5-9. C,,H,.O, requires C, 77-0; H, 5-9%). 

Quinol. Condensation with diphenic anhydride was attempted, sulphuric acid or stannic 
chloride being used as condensing agent, but no crystallisable product was isolated. 

Resorcinol. (a) ‘‘ Resorcinoldiphenein,” prepared and purified by the method of Underwood 
and Kochmann (loc. cit.), formed almost colourless prisms, m. p. 180° (decomp.). It was soluble 
in dilute aqueous sodium hydroxide to give a pale yellow solution devoid of fluorescence. (b) 
Diphenic anhydride (5 g.), resorcinol (10 g.), and stannic chloride (5 c.c.) were heated together 
at 120° for 6 hours. The product was repeatedly boiled with water to free it from the excess of 
resorcinol and the residual black tar was then extracted with boiling dilute sodium hydroxide 
solution. The extract, filtered from slimy material, was acidified with hydrochloric acid, and 
the precipitated black tar separated by decantation and boiled with alcohol. On cooling, the 
alcohol deposited 2 : 2’-bis-2” : 4’-dihydroxybenzoyldiphenyl (IV), m. p. 180° (decomp.) (6 g.). 
3-493 G., kept at 200° for } hour, evolved alcohol and gave 3-136 g. of solvent-free substance, 
m. p. 256°, unchanged by crystallisation from acetic acid, benzene-light petroleum, or by 
solution in aqueous sodium hydroxide or sodium bicarbonate, followed by reprecipitation with 
hydrochloric acid: It did not again take up alcohol of crystallisation when recrystallised from 
alcohol [Found * for material of m. p. 256°: C, 72-8; H, 4:2. C,,H,,O, requires C, 73-2; H, 
4-3%. Found for material of m. p. 180° (decomp.): C,H,-OH, 10-2. C,,H,,0,,C,H;-OH 
requires C,H,-OH, 9-75%]. 

A solution of 2: 2’-bis-2” : 4’’-dihydroxybenzoyldiphenyl in sodium hydroxide was shaken 
with methylsulphate. The pale yellow, resinous precipitate was filtered off, dried, and extracted 
with a small bulk of benzene. The filtered extract was treated with light petroleum, and the 
resultant viscous oil separated by decantation and dissolved in alcohol. Crystals slowly 
separated in the course of a day; six recrystallisations from alcohol raised the m. p. to 132°. It 
was then found that the troublesome impurity was best eliminated by crystallisation from 
carbon tetrachloride. After two crystallisations the highly crystalline product had m. p 
137—140°. The appearance under the microscope was identical with that of 2 : 2’-bis-2" : 4’’- 
dimethoxybenzoyldiphenyl, obtained in large prisms, m. p. 140—142° (Found *: OMe, 26-4. 
CspH.,.O, requires OMe, 25-7%), by the process outlined below; a mixed m. p. with it gave 
138—141°. 

Aluminium chloride (5 g.) was added to a cooled solution of diphenic acid chloride (5 g.) 
in resorcinol dimethyl] ether (10 c.c.). The mixture gradually became black;: after standing 
overnight, it was decomposed with ice, and the excess of resorcinol dimethyl ether removed 
in steam. The pitch-like residue was heated with dilute sodium hydroxide solution, becoming 
harder and light yellow in colour. It was dissolved in alcohol and poured into boiling sodium 
hydroxide solution to free it from the last traces of sodium hydroxide-soluble material. The 
residue was dissolved in hot alcohol. On cooling, there separated a crop of very indefinite 
m. p.; the mother-liquor deposited a small quantity of prisms, m. p. 208—213°. The main 
crop was repeatedly crystallised from alcohol, whereby 2 : 2’-bis-2” : 4’’-dimethoxybenzoyl- 
diphenyl, m. p. 140—142°, was freed from a small amount of less soluble material, m. p. 195— 
201°. The m. p. was not changed by recrystallisation from carbon tetrachloride or ethyl 
acetate. The substance separated from acetic acid in needles of indefinite m. p.; in acetone, 
acetic anhydride, and chloroform it was very soluble. 

Phloroglucinol. No pure compound could be isolated. 

Pyrogallol. The result was in agreement with that of Underwood and Kochmann (loc. cit.). 
The black amorphous product could not be obtained pure. 

Reactions of Fluorenone-4-carboxylic Acid.—(a) 3 G. of the acid were added slowly to 
potassium hydroxide (10 g.) at 200—-220°. After cooling, the product was dissolved in water, 
and the boiling solution treated with excess of hydrochloric acid. The precipitate on fractional 
crystallisation from acetic acid yielded diphenic acid, unchanged material, and diphenyl-2 : 6- 
dicarboxylic acid (Found: equiv., 121. C,H ,)O, requires equiv., 121). The last formed 
needle crystals, m. p. 282°, and dissolved in warm sulphuric acid to yield a deep red solution, 
from which water precipitated fluorenone-4-carboxylic acid in quantitative yield. 

(b) A mixture of the acid (6 g.), phenol (12 g.), and sulphuric acid (2 c.c.) was maintained at 
115° for 8 hours. The product was diluted with water, the excess of phenol removed by 
evaporation, and the resultant solid filtered off. This was dissolved in dilute aqueous 
ammonia and reprecipitated by hydrochloric acid. The sticky product was very soluble in 
acetic acid and ethylalcohol, but insoluble in benzene. Repeated crystallisation from ether gave 





1568 Nisbet: Pyrazoline Local Anesthetics. Part II. 


9 : 9-di-p-hydroxyphenylfluorene-4-carboxylic acid in flat needles, m. p. 276—279° (decomp.) 
(Found *: C, 79-1; H, 4-7. C,.H,,O, requires C, 79-1; H, 46%). This compound appears 
to have been previously obtained in an impure condition by Graebe and Aubin (Annalen, 1888, 
247, 286) and by Underwood and Kochmann (loc. cit.). 


MUNICIPAL TECHNICAL COLLEGE, BLACKBURN. [Received, June 24th, 1938.] 





293. Pyrazoline Local Anesthetics. Part II. Derivatives of Alkylated 
3: 4-Dihydroxybenzylideneacetones. 


By Hucu B. NIsBET. 


The unsaturated §-amino-ketones derived from alkylated derivatives of 3: 4- 
dihydroxybenzylideneacetones by condensation with formaldehyde and secondary 
base hydrochlorides have been converted into phenylhydrazones or p-tolylhydrazones 
and isomerised to give pyrazolines of type (I), in which the 5-phenyl radical carries 
alkoxyl groups in positions 3’ and 4’. Pharmacological examination indicates that 
the effect of the introduction of such alkoxyl groups in this phenyl radical is to in- 
crease the local anesthetic activity and at the same time to reduce the toxicity of such 
pyrazolines. Partial resolution of the tartrate of 1-phenyl-5-(3’-methoxy-4’-ethoxy- 
phenyl)-3-8-dimethylaminoethylpyrazoline has been accomplished, but the anesthetic 
activities of the salts of’the active and the racemic bases do not differ significantly. 


THE introduction of alkoxyl groups often has a very marked effect on the pharmacological 
properties of drugs of various kinds, including local anesthetics. For instance, Bovet 
(Arch. internat. Pharm. Therap., 1931, 41, 103) has shown that the presence of an alkoxyl 
group at position 6 in 8-(y-diethylamino-$$-dimethylpropylamino)-6-ethoxyquinoline is 
of the greatest importance for the local anesthetic activity, and Rohman and Scheurle 
(Arch. Pharm., 1936, 274, 110), in a study of the relationship between the chemical con- 
stitution and pharmacological action of alkylamine esters of p-alkoxybenzoic acids, found 
that increase in the size of the alkoxyl group was accompanied by an increase in the 
activity, straight chains being more effective than branched. 

In Part I (this vol., p. 1237) it was shown that pyrazolines of type (I; R, R’ = phenyl 
or substituted phenyl; NR’, = dialkylamino- or piperidino-) possess local anesthetic 
activity, and the effect of varying the groups R and NR’, was studied. In order to extend 
this study to the effect of introducing alkoxyl groups in the phenyl group R”, numerous 
R’-CH—CH derivatives of this type have been synthesised. 

| é-CH,: -CH,:NR’,,HCI From unsaturated ketones such as_veratrylidene-, 

(L) piperonylidene-, vanillylidene-, ethylvanillylidene-, and 
ethylisovanillylidene-acetone, by condensation with 
formaldehyde and the hydrochlorides of dimethylamine, diethylamine, or piperidine, a 
series of unsaturated amino-ketones was obtained. These were converted into their phenyl- 
or ~-tolyl-hydrazones, which were isomerised to the corresponding pyrazolines. 

Pharmacological examination (cf. Sinha, Thesis, Edinburgh, 1935; J. Pharm. Exp. 
Therap., in the press) indicates that the introduction of alkoxyl groups into the 5-phenyl 
nucleus increases the local anesthetic activity and, at the same time, decreases the 
toxicity. The presence of a hydroxyl group in this nucleus greatly decreases the activity, 
but the interchange of methoxy- and ethoxy-groups at positions 3’ and 4’ has little effect 
on these properties. 

For the pharmacological tests the hydrochlorides were used in most cases. From 
1-phenyl-5-(3'-methoxy-4'-ethoxyphenyl)-3-B-dimethylaminoethylpyrazoline hydrochloride a tar- 
trate was prepared and, by repeated crystallisation, the least soluble portion was finally 
obtained with a constant rotation [«] 3° — 36-7°. This resolution, the only one yet 
attempted, had apparently but little effect on the anesthetic activity. There is not sufficient 
evidence available to indicate in general the effect of the use of tartrates instead of 
hydrochlorides of this pyrazoline type of local anesthetic. 

Among the more active anesthetics now described is 1-phenyl-5-(4'-methoxy-3'-ethoxy- 
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phenyl)-3-B-piperidinoethylpyrazoline hydrochloride, of which the pharmacology has been 
studied by Sinha (ibid., 1936, 57, 199). Although this compound is only slightly more 
toxic than cocaine, it is considerably more active than the latter for the production of 
local anesthesia as tested by the rabbit’s cornea and human wheal methods. It was found, 
however, to be of little use for the production of nerve block, but may be of value for clinical 
application to mucose or for infiltration anesthesia. 


EXPERIMENTAL. 


Ethylvantllylideneacetone and ethylisovanillylideneacetone were prepared from ethyl-vanillin 
and -isovanillin and acetone by suitable modification of the process for benzylideneacetone 
(“‘ Organic Syntheses,’’ Vol. III, 17). They crystallised from 95% alcohol as yellow needles, 
m. p. 105° (Found: C, 70-4; H, 7-3. C,,H,,0O, requires C, 70-9; H, 7-3%) and m. p. 92— 
93° (Found: C, 70-4; H, 7-3%), respectively. 

Vanillylideneacetone. Attempts to prepare this by Francesconi and Cusamo’s method 
(Gazzetta, 1908, 38, ii, 75; see Beilstein, 8, 291) failed to give any of the desired product. 
[Hydroxyaldehydes frequently fail to condense; e.g., B-resorcylaldehyde with 1-hydrindone 
(Perkin, Robinson, and Turner, J., 1908, 33, 1085); hydroxyaldehydes with styryl methyl 
ketones (Buck and Heilbron, J., 1922, 121, 1095).] Condensation was effected, however, by a 
modification of Harries’s method (Ber., 1891, 24, 3180) for the preparation of salicylidene- 
acetone. Vanillin (124 g.), dissolved in acetone (500 ml.), was treated with 170 ml. of 50% 
sodium hydroxide; the resulting solid mass was dissolved by addition of water (300 ml.), 
the solution heated under reflux on the steam-bath for about 5 mins., and set aside at room 
temperature for 48 hours. A deep red solution was obtained on which floated orange-red 
crystals. The solution was made just acid with acetic acid, and most of the acetone removed 
on the steam-bath. On cooling, an oil separated, which crystallised on standing; recrystallis- 
ation, first from acetone and then from light petroleum, afforded pale yellow crystals, m. p. 
129°; yield, 80 g. 

Preparation of Pyrazolines.—The above and similar alkylated derivatives of 3 : 4-dihydroxy- 
benzylideneacetones were heated in alcoholic solution with the hydrochlorides of secondary 
bases and paraformaldehyde until homogeneous. By cooling and scratching or digesting 
with acetone or ether, the hydrochlorides of the desired B-amino-ketones were isolated. The 
purified products were converted into phenylhydrazones or p-tolylhydrazones, and these were 
isomerised to the corresponding pyrazolines by heating for a short time with aqueous or alco- 
holic acetic acid (approximately 20%) or n-hydrochloric acid. In some cases, the pyrazoline 
hydrochlorides separated from the reaction mixtures or were obtained on evaporation in a 
vacuum; in others, the product. of the isomerisation was isolated as the base. One of the 
pyrazolines was obtained from the $-amino-ketone without isolation of the intermediate 
hydrazone. 

1-Phenyl-5-(3’ : 4'-dimethoxyphenyl)-3-8-diethylaminoethylpyrazoline.—1-Diethylamino-5-(3’ : 
4'-dimethoxypheny])-A‘-penten-3-one hydrochloride, crystallised twice from alcohol with 
ice-cooling, formed colourless needles, m. p. 141—142° (Mannich and Schiitz, Arch. Pharm., 
1927, 265, 684, give m. p. 134°) (Found: C, 61-8; H, 8-0; N, 4:3. Calc. for C,,H,,O,N,HC1 : 
C, 62:3; H, 7-9; N, 4:3%); phenylhydrazone, fine yellow needles from alcohol, m. p. 175° 
(Found: C, 65-8; H, 7-9; N, 10-3. C,,;H,,0O,N,,HCl requires C, 66-1; H, 7-7; N, 10-1%). 
The pyrazoline was obtained by heating the phenylhydrazone hydrochloride (55 g.) on the 
steam-bath for 40 mins. with 20% acetic acid (700 ml.). The green solution was basified, and 
the yellow base extracted by ether ; yield, 47-8 g., 95%. Crystallisation from light petroleum 
(b. p. 60—80°) gave needles, m. p. 93—96° (Found: C, 72-0; H, 8-8; N, 11-0. C,sH,,0O,N, 
requires C, 72-4; H, 8-1; N, 11-0%). The acid succinate crystallised when a neutral solution 
of the base in succinic acid was kept for several weeks; crystallised from aqueous acetone, it 
had m. p. 94—95° (Found : N, 8-4. C,3H;,0,N3,C,H,O, requires N, 8-4%). The hydrochloride, 
from acetone, had m. p. 139—140°, but the sulphate could not be crystallised. 

1-Phenyl-5-(3’ : 4’-dimethoxyphenyl)-3-8-piperidinoethylpyrazoline.—The phenylhydrazone of 
1-piperidino-5-(3’ : 4’-dimethoxypheny]l)-A‘-penten-3-one hydrochloride was obtained as yellow 
needles from alcohol, m. p. 201—202° (decomp.) (Mannich and Schiitz, Joc. cit., give m. p. 195°) 
(Found : C, 67-2; H, 7-9; N, 9-85. Calc. for C.sH,;,0O,N3,HCl: C, 67-1; H, 7-5; N, 98%). 
This hydrochloride (39-1 g.) was heated on the steam-bath for 30 minutes with 500 ml. of 20% 
acetic acid, and the dark green solution was evaporated. The syrupy residue partly crystallised 
on scratching. Digested with acetone and filtered, this yielded the hydrochloride (21-6 g.), 
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m. p. 196—200°. The base was liberated by adding sodium hydroxide to the crude hydro- 
chloride dissolved in warm water. It formed a thick gum (16-8 g.), which set to a solid mass 
after several days. Repeated crystallisation of the base from light petroleum (b. p. 40—60°), 
of the hydrochloride from water, and of the regenerated base again from light petroleum (pb. p. 
60—80°) did not afford a product of sharper m. p. than 79—84° (Found: C, 73-2; H, 8-3; N, 
10-8. C,,H,,0,N, requires C, 73-3; H, 7-9; N, 10-7%). The acid sulphate had m. p. 157— 
160° (Found : C, 58-3; H, 7-0; S, 6-6. C,,H;,0,N;,H,SO, requires C, 58-7; H, 6-7; S, 6-5%). 

1-Phenyl-5-(3’ : 4’-methylenedioxyphenyl)-3-8-dimethylaminoethylpyrazoline Hydrochloride.— 
1-Dimethylamino-5-(3’ : 4’-methylenedioxyphenyl)-A‘-penten-3-one hydrochloride, prepared from 
piperonylideneacetone, dimethylamine, and paraformaldehyde, crystallised from alcohol in 
pale rosettes of squat, yellow needles, m. p. 163—164° (Found : C, 59-1; H,6-4. C,,H,,O,N,HCl 
requires C, 59-3; H, 63%). The phenylhydrazone (fine yellow needles, m. p. 160—161°, 
from methyl alcohol) was isomerised with dilute acetic acid. The pyrazoline hydrochloride, 
crystallised twice from a small quantity of alcohol (ice-cooling), formed compact clusters of 
needles, m. p. 194° (Found: Cl, 9-52. C,. »H,,;0,N;,HCl requires Cl, 9-50%). 

1-p-Tolyl-5-(3’ : 4’-methylenedioxyphenyl)-3-B-dimethylaminoethylpyrazoline Hydrochloride.— 
To 1-dimethylamino-5-(3’ : 4’-methylenedioxyphenyl)-A‘-penten-3-one hydrochloride (7-1 g.), 
dissolved in water (50 ml.) and acetic acid (10 ml.), p-tolylhydrazine hydrochloride (4 g.) was 
added, and the mixture boiled under reflux for 20 mins. The filtered solution was evaporated 
on the water-bath and kept for several days in a vacuum over sodium hydroxide and calcium 
chloride. The solid so obtained was crystallised from alcohol, forming yellowish-white needles, 
m. p. 182—184°; yield, 3-4 g. (Found: Cl, 9-14. C,,H,,0,N;,HCl requires Cl, 9-16%). 

1-Phenyl-5-(3’ : 4’-methylenedioxyphenyl)-3-B-piperidinoethylpyrazoline hydrochloride was 
obtained from the phenylhydrazone of 1-piperidino-5-(3’ : 4’-methylenedioxypheny])-A‘- 
penten-3-one hydrochloride (cf. Mannich and Schiitz, Joc. cit.), and crystallised from water ; 
m. p. 196—197° (Found: Cl, 8-5. C,,;H,,O,N;,HCl requires Cl, 8-6%). 

1-Phenyl-5-(4’-methoxy-3’-ethoxyphenyl)-3-B-dimethylaminoethylpyrazoline Hydrochloride.— 
1-Dimethyamino-5-(4’-methoxy-3’-ethoxyphenyl)-A‘-penten-3-one hydrochloride was obtained from 
4-methoxy-3-ethoxybenzylideneacetone, dimethylamine hydrochloride, and paraformaldehyde 
as white needles, m. p. 161—162° (Found: N, 4-6. C,,H,,0,;N,HCl requires N, 4-5%), from 
alcohol; phenylhydrazone, m. p. 178° (Found: C, 65-8; H, 7-45. C,H, O,N3,HCl requires C, 
65-4; H, 7-4%); p-tolylhydrazone, m. p. 173° (Found : C, 62-0; H, 7-7. C,ys3Hs,0O,N;,HC1,14H,O 
requires C, 62-1; H, 7-:9%). The phenylhydrazone was isomerised with dilute acetic acid, and 
the pyrazoline hydrochloride formed white needles from water, m. p. 72—78° (Found: C, 
61-8; H, 7-6; Cl, 8-5. C,,H,O,N;,HCI1,H,O requires C, 62-6; H, 7-6; Cl, 8-4%). 1-p-Tolyl-5- 
(4’-methoxy-3’-ethoxyphenyl)-3-B-dimethylaminoethylpyrazoline hydrochloride was similarly ob- 
tained from the ~-tolylhydrazone. It separates from water and then alcohol as a white solid of 
indefinite m. p., which can be raised to 152° by drying (Found: Cl, 8-1. C,3H;,0,N;,HCl,H,O 
requires Cl, 8-15%). 

1-Phenyl -5- (4’-methoxy-3'-ethoxyphenyl)-3-8-diethylaminoethylpyrazoline.—1-Diethylamino-5- 
(4’-methoxy-3’-ethoxyphenyl)-A‘-penten-3-one hydrochloride was obtained by heating 4-methoxy-3- 
ethoxybenzylideneacetone (83 g.) with diethylamine hydrochloride (42 g.) and paraformaldehyde 
(12 g.) in 90% alcohol (90 ml.) on the steam-bath for 30 mins. After standing in the ice-chest for 
3 days, the mixture was digested with dry ether and filtered. From the filtrate, by precipitation 
with ether, a pale yellow solid, soluble in acetone, was obtained (80 g.; m. p. 74—80°). Re- 
precipitation from acetone solution with ether gave a solid (74 g.; m. p. 105—111°), which 
crystallised from acetone-ether, m. p. 132—134° (Found: C, 62-9; H, 81; N, 4:3. 
C,,H,,O,N,HCI requires C, 63-3; H, 8-2; N,4-:1%). The phenylhydrazone (m. p. 173°. Found: 
C, 66-5; H, 8-3. C,,H;,0,N;,HCl requires C, 66-7; H, 7-9%) (25-8 g.) was isomerised by heating 
on the steam-bath for 45 mins. with a solution of acetic acid (60 g.) in water (250 ml.). The 
solution was basified, and the pyrazoline extracted with ether. After two crystallisations from 
light petroleum, it had m. p. 5|0—51° (Found: C, 73-0; H, 8-4. C,,H;,0,N; requires C, 72-9; 
H, 83%). 

1-Phenyl-5-(4’-methoxy-3'-ethoxyphenyl)-3-B-piperidinoethylpyrazoline Hydrochloride.—1- 
Piperidino-5-(4’-methoxy-3’-ethoxyphenyl)-A‘-penten-3-one hydrochloride was prepared from 
4-methoxy-3-ethoxybenzylideneacetone, piperidine hydrochloride, and paraformaldehyde, and 
crystallised from alcohol, m. p. 162° (Found: N, 4-1. C,,H,,O,;N,HCI requires N, 4-0%). 
The phenylhydrazone, yellow needles, m. p. 184° (Found: C, 68-05; H, 7:6. C,;H;,;0,N;,HCl 
requires C, 67-7; H, 7-7%), was readily isomerised on boiling with n-hydrochloric acid. The 
pvrazoline hydrochloride was obtained in almost theoretical yield, and crystallised from water in 
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white needles, m. p. 192° (Found: Cl, 7-9. C,;H3;,;0,N3,HCl requires Cl, 8-0%). Isomerisation 
of the p-tolylhydvazone, yellow needles, m. p: 183° (Found : C, 67-6; H, 7°85. C,,.H;,0,N;,HCl 
requires C, 68-2; H, 7-9%), by boiling with 20% acetic acid for 10 mins., gave 1-p-tolyl-5- 
(4’-methoxy-3’-ethoxyphenyl)-3-B-piperidinoethylpyrazoline hydrochloride, which crystallised from 
alcohol and then from water in white, microcrystalline needles, m. p. 178° (Found: C, 
66:0; H, 8-0; Cl, 7-5; N, 9-2. C,.H,,0,N;,HCIl,H,O requires C, 65-6; H, 8-0; Cl, 7-5; N, 
8-8%). 

1-Phenyl-5-(3'-methoxy-4'-ethoxyphenyl)-3-B-dimethylaminoethylpyrazoline Hydrochloride.—1- 
Dimethylamino-5-(3'-methoxy-4'-ethoxyphenyl)-A*-penten-3-one hydrochloride, obtained from 3- 
methoxy-4-ethoxybenzylideneacetone, dimethylamine hydrochloride and paraformaldehyde, 
had m. p. 165° (Found: N, 4-4. C,gH,,;0,;N,HCl requires N, 45%). The phenylhydrazone, 
yellow needles, m. p. 177° (Found: C, 65-95; H, 7-4. Cy,H,,O,N;,HCl requires C, 65-4; H, 
74%), was isomerised with either 20% acetic acid or n-hydrochloric acid, and the pyrazoline 
hydrochloride was crystallised from alcohol and then from water; m. p. 123° after softening 
at 114° (Found: C, 62-05, 61-9; H, 7-7, 7-6; Cl, 8-4. C,,H,,O,N;,HCI1,H,O requires C, 62-6; 
H, 7-6; Cl, 8-4%). The base (14-48 g.) obtained from this hydrochloride was dissolved in a 
very small quantity of alcohol and treated with a solution of tartaric acid (6 g.) in alcohol; 
the white acid tartrute (m. p. 134°) soon separated (Found : C,H,O,, 29-0. C,,H,,0,N3,C,H,O, 
requires C,H,O,, 29-0%). By repeated crystallisation of the least soluble portion of this 
tartrate, a fraction of constant rotation, [«]??° — 36-7°, was finally obtained; m. p. 134° 
(Found: C, 60-1; H, 63. C,,H,,O,N;,C,H,O, requires C, 60-3; H, 6-8%). From the first 
mother-liquors a small fraction with [a]? + 4-23° was isolated, but in insufficient quantity 
to be worked up to constant rotation. 

The p-tolylhydrazone of the above amino-ketone hydrochloride, yellow needles, m. p. 174° 
(Found: C, 66-0; H, 7-2; N, 10-2. C,,H;,,0,N;,HCl requires C, 66-1; H, 7:7; N, 10-1%), 
was isomerised with 20% acetic acid to 1-p-tolyl-5-(3’-methoxy-4'-ethoxyphenyl)-3-B-dimethyl- 
aminoethylpyrazoline hydrochloride, which was crystallised first from water and then from 
alcohol, m. p. 181° (Found: C, 61-9; H, 7:7; Cl, 81. C,;H;,0O,N;,HCI1,14H,O requires 
C, 62:1; H, 7-9; Cl, 8-0%). 

1- Phenyl -5 - (3'- methoxy -4'-ethoxyphenyl) -3-8-piperidinoethylpyrazoline Hydrochloride.—1- 
Piperidino-5-(3'-methoxy-4'-ethoxyphenyl)-A‘-penten-3-one hydrochloride, prepared from 3-meth- 
oxy-4-ethoxybenzylideneacetone, piperidine hydrochloride, and paraformaldehyde, formed 
white needles from alcohol, m. p. 167° (Found: Cl, 10-1. C,,H,,O,;N,HCl requires Cl, 
100%). The phenylhydrazone, small yellow needles, m. p. 167° (Found: C, 67-5; H, 7-6. 
C,;H;,,;0,N;,HCl requires C, 67-7; H, 7-7%), was isomerised by boiling with alcoholic acetic 
acid, and the pyrazoline hydrochloride formed white needles from alcohol, m. p. 172—173° 
(Found: Cl, 8-2. C,;H,;,0,N;,HCl requires Cl, 8-0%). The p-tolylhydrazone, m. p. 176— 
178° (Found: C, 67-95; H, 7-85. C,,H;,0,N;,HCl requires C, 68-2; H, 7-9%), isomerised 
with aqueous acetic acid, gave 1-p-tolyl-5-(3'-methoxy-4'-ethoxyphenyl)-3-B-piperidinoethyl- 
pyvazoline hydrochloride; white needles from water containing a little acetic acid, m. p. 183°: 
after sintering at 100° (Found: Cl, 7:7. C,,H;,0,N;,HCl requires Cl, 7:8%). 

1- Phenyl - 5-vanillyl -3-8-piperidinoethylpyrazoline.—1 -Piperidino-5-vanillyl-A‘-penten-3-one 
hydrochloride, from vanillylideneacetone, piperidine hydrochloride, and paraformaldehyde, 
separated as white needles from alcohol, m. p. 180° (Found: Cl, 11-2. C,,H,,;0,N,HCl requires 
Cl, 10-9%). The phenylhydrazone, yellow needles, m. p. 196° (Found: N, 10-0. C,3H,0,N;,HCl 
requires N, 10-1%), was isomerised with aqueous acetic acid, and the free pyrazoline was 
isolated as colourless crystals (from benzene), m. p. 174° (Found: C, 72-4; H, 7:8; N, 11-1. 
Cy3Hg0,N, requires C, 72-8; H, 7-65; N, 111%). 


The author again desires to thank Dr. F. L. Pyman, F.R.S., for his interest in this work 
and for gifts of chemicals, and Drs. H. Barnes and A. P. T. Easson for help with the practical 


work, 
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294. Pyrazoline Local Anesthetics. Part III. Derivatives of 
o-Alkoxybenzylideneacetones. 


By G. A. Levvy and Hucu B. NISBET. 


Various alkylated salicylideneacetones have been converted by the Mannich reaction 
into unsaturated 6-amino-ketones of type (II). The phenylhydrazones of these have 
been isomerised to pyrazolines (III), in which the 5-phenyl radical carries an 
o-methoxy-, -ethoxy-, -”-propoxy-, or -”-butoxy-group. 

The pharmacological examination of these pyrazolines indicated that, except the 
o-n-propoxy-compound, they are more potent than cocaine in producing local 
anzsthesia of the rabbit’s cornea and in the human whealtest. None was at all irritant, 
and the three active members were less toxic than cocaine when tested by intra- 
peritoneal injection in mice. The o-n-butoxy-compound was found to be the most 
effective local anesthetic of this series. 


It was shown in Part II (preceding paper) that introduction of alkoxyl groups in positions 
3’ and 4’ in the 5-phenyl radical in pyrazolines of type (I) increased the activity of such 


CHPh—CH, 
$>C-CHy CHy NR, HCI (L.) 


H 
Rr 
compounds as local anesthetics, and decreased their toxicity. In order to study the effect 
of alkoxyl groups in the 2’-position in the 5-phenyl radical upon local anesthetic activity 
and toxicity, a number of such compounds have now been synthesised. 
By alkylating salicylideneacetone and condensing the resulting o-alkoxybenzylidene- 
acetones with formaldehyde and piperidine hydrochloride, a series of compounds of type 
(II) have been prepared. Their phenylhydrazones were obtained by the method of Auwers 


OR OR 


€_CH:CH-CO-CH,-CH,'NC,Hyo HCI < >—CH—CH, 
| >C-CH,°CH,°NC;Hj,HCl 
(II.) NPh——N (III.) © 


(R = Me, Et, n-Pr, n-Bu.) 


and Voss (Ber., 1909, 42, 4411), but some of them did not separate readily from the reaction 
mixtures. All four, however, proved to be isomorphous, each crystallising at once when its 
solution was seeded with any of the others. 

On repeated crystallisation of the phenylhydrazone of the o-ethoxy-derivative (II, 
R = Et), its m. p. fell and became less sharp, suggesting that some isomerisation to the 
corresponding pyrazoline (III, R = Et) occurred in hot alcohol. The readiness with 
which rearrangement of the phenylhydrazones of «-unsaturated ketones may take place 
is well known. As expected, the phenylhydrazone in question answered Knorr’s test for 
pyrazolines. With the phenylhydrazone of the lower homologue (II, R = Me), Knorr’s 
test was inconclusive. The phenylhydrazones of (II, R = n-Pr) and (II, R = n-Bu) did 
not respond to the test.. No colour change was observed on spreading any one of the four 
phenylhydrazones on filter paper and exposing it to bromine vapour (cf. Raiford and 
Peterson, J. Org. Chem., 1937, 1, 544), and this test has been found, in general, more valuable 
than Knorr’s reaction as a method of distinguishing phenylhydrazones from their isomeric 
pyrazolines. 

Isomerisation of the phenylhydrazones to the corresponding pyrazolines proceeded 
smoothly on warming them for a short time with N-hydrochloric acid (cf. Part I, this vol., 
p. 1237). On exposing any one of these to bromine vapour, an immediate colour change 
to blue-violet was observed. 

The pharmacological examination of the pyrazolines (III) (Levvy and Nisbet, J. Pharm. 
Exp. Therap., in the press) indicated that, with one exception (R = n-Pr), they were all 
more potent than cocaine in producing local anesthesia of the rabbit’s cornea and were 
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very powerful when injected intracutaneously. None of the pyrazolines was at all irritant. 
The toxicities of the three active members, determined by intraperitoneal injection in mice, 
were less than that of cocaine. From the results, it appears that the u-butoxy-compound 
(III, R = n-Bu) is the most effective member of this series as a local anesthetic. 

Attempts have been made to replace the piperidino-group in 1-piperidino-5-(2’-n- 
butoxyphenyl)-A*-penten-3-one hydrochloride (II, R= -Bu) by dimethylamino-, di- 
ethylamino-, di-n-propylamino-, and di-n-butylamino-groups, but only the second of these 
compounds has been isolated, and attempts to convert it into the pyrazoline failed. 


EXPERIMENTAL. 


2-Ethoxybenzylideneacetone.—Salicylideneacetone (30 g.) and ethyl iodide (32 g.) in absolute 
alcohol (100 ml.) were treated with potassium hydroxide (14 g., dissolved in the minimum of 
water) and heated under reflux on the water-bath for 14 hours. The mixture was poured into 
water (3 1.), the oil which separated was extracted with ether, and the extract washed with 
dilute sodium hydroxide and water, and dried over potassium carbonate. The red oil obtained 
by removal of the ether gave a yellow solid on cooling. Distillation at 1 mm. gave an almost 
colourless oil (b. p. 143—145°) which solidified on cooling. It was soluble in the usual solvents, 
but not readily crystallisable (Found: C, 75-5; H, 7-3. C,,H,,O, requires C, 75-8; H, 7-4%). 

2-n-Propoxybenzylideneacetone.—This was prepared analogously by alkylation with n-propyl 
iodide; it distilled over a wide range, approx. 155—165°/1 mm., and showed but little tendency 
to solidify in the cold; yield 35% (Found: C, 76-6; H, 7-5. C,,;H,,O, requires C, 76-5; 
H, 7-8%). 

2-n-Butoxybenzylideneacetone.—Salicylideneacetone (178 g.) and n-butyl p-toluenesulphonate 
(228 g.) were dissolved in 90% alcohol (500 ml.), and potassium hydroxide (70 g., dissolved in 
the minimum of water) added. After being heated under reflux on the water-bath for 1} hours, 
the reaction mixture was poured into water (5 1.), and the oil which separated was extracted 
with ether. The extract was washed with 2% sodium hydroxide solution and water, and 
dried over potassium carbonate. Removal of the ether gave an oil, which was best distilled 
in 25-ml. portions. The ketone boiled at 177-5°/3 mm., and was not very stable, Neither the 
phenylhydrazone nor the isomeric pyrazoline could be isolated. 

1-Piperidino-5-(2'-methoxyphenyl)-A‘-penten-3-one | Hydrochloride —2-Methoxybenzylidene- 
acetone (Auwers, Annalen, 1917, 413, 279) (10 g.), piperidine hydrochloride (7 g.), and 
paraformaldehyde (2 g.) in alcohol (15 ml.) were heated together under reflux for 15 mins. 
After addition of more paraformaldehyde (1 g.), heating was continued for another 15 mins. 
The solid which separated on thorough cooling and scratching was collected, washed with 
alcohol and then with ether, and recrystallised from alcohol; white cubes, m. p. 177—178°; 
yield 13% (Found: C, 65-9; H, 7-4. C,,H,,0,N,HCl requires C, 65-8; H, 7-7%). Phenyl- 
hydvazone, yellow powder from alcohol, m. p. 160—162° (Found: N, 10-6. C,3;H,ON;,HCl 
requires N, 10-5%). 

1-Phenyl-5-(2'-methoxyphenyl)-3-8-piperidinoethylpyrazoline | Hydrochloride—The above 
phenylhydrazone (1-5 g.) was heated with n-hydrochloric acid (15 ml.) on the steam-bath for 
20 mins. A clear solution was obtained almost immediately, and on cooling, a green oil 
separated, which gave a white solid on scratching. Recrystallised from water, this formed a 
suspension of fine matted crystals which could be filtered off only with difficulty; m. p. 74—75° ; 
yield, 55% (Found: N, 10-2; Cl, 9-2. C,;H,,ON;,HCI requires N, 10-5; Cl, 8-9%). 

By substituting other o-alkoxybenzylideneacetones for 2-methoxybenzylideneacetone in 
the above preparations, the following compounds were obtained: 1-Piperidino-5-(2'-ethoxy- 
phenyl)-A*-penten-3-one hydrochloride, from 2-ethoxybenzylideneacetone, formed white prisms, 
m. p. 190°, from alcohol; yield, 30% (Found: C, 66-5; H, 7-6. C,,H,,0,N,HCl requires C, 
66-8; H, 80%). Phenylhydrazone, yellow powder, m. p. 165—167°, from alcohol (Found : 
N, 99. C,,H,,ON;,HCl requires N, 10-1%). 1-Phenyl-5-(2'-ethoxyphenyl)-3-8-piperidinoethyl- 
pyrazoline hydrochloride, from the above phenylhydrazone, separated from water as white 
ae m. p. 166°; yield, 60% (Found: N, 10-4; Cl, 8-6. C,,H;,ON;,HCl requires N, 10-1; 

’ 86%). 

1-Piperidino-5-(2'-n-propoxyphenyl)-A‘-penten-3-one hydrochloride, from 2-n-propoxy- 
benzylideneacetone, crystallised from alcohol in white needles, m. p. 182°; yield, 26% (Found : 
C, 67-4; H, 7-9. C,gH,,O,N,HCl requires C, 67-5; H, 83%). Phenylhydrazone, clusters of 
yellow needles from alcohol, m. p. 161—162° (Found: N, 9-5. C,;H,,ON;,HCl requires N, 
9:8%). 1-Phenyl-5-(2'-n-propoxyphenyl)-3-B-piperidinoethylpyrazoline hydrochloride, white needles 
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from water; m. p. 193-5°; yield, 75% (Found: N, 10-1; Cl, 8-3. C,;H,,ON;,HCl requires N, 
9-8; Cl, 83%). 

1-Piperidino-5-(2'-n-butoxyphenyl)-A‘-penten-3-one hydrochloride, from freshly distilled 2-n- 
butoxybenzylideneacetone, white needles (from alcohol), m. p. 164—165°; yield, 26% (Found : 
C, 68-1; H, 8-8. Cy 9H,O,N,HCl requires C, 68-2; H, 85%). Phenylhydrazone, yellow needles 
from alcohol, m. p. 154—155° (Found: N, 9-8. C,,H;,ON;,HCl requires N, 9-5%). 1-Phenyl- 
5-(2’-n-butoxyphenyl)-3-B-piperidinoethylpyrazoline hydrochloride, white needles from water; 
m. p. 191°; yield, 75% (Found: N, 9-5; Cl, 7-9. C,,H;,ON;,HCl requires N, 9-5; Cl, 8-0%). 

1-Diethylamino-5-(2’-n-butoxyphenyl)-A*-penten-3-one Hydrochloride——By heating freshly 
distilled 2-n-butoxybenzylideneacetone (7-3 g.) and diethylamine hydrochloride (3-7 g.) in 
alcohol (3 ml.) with two portions of paraformaldehyde (1 g. and 0-5 g.) for 10 mins. after each 
addition, and cooling and scratching, a sticky solid was obtained. This was freed from liquid 
by smearing on porous plate, and washed cautiously with alcohol and then with ether. From 
alcohol, white crystals, m. p. 115—116°, were obtained; yield 5—10%. The compound is very 
soluble in alcohol, but insoluble in ether. It is not hygroscopic (Found: C, 66-4; H, 8-5; N, 
4-1. Cy ,H,,O,N,HCl requires C, 67-1; H, 88; N, 41%). In the first attempt to prepare 
the phenylhydrazone, a few mg. of a yellow solid, m. p. 141°, were obtained (Found: N, 9-6. 
C,;H;,;ON;,HCl requires N, 9-8%); all subsequent attempts gave an unidentified white solid. 


Grants are gratefully acknowledged from the Department of Scientific and Industrial 
Research and from the Carnegie Trust for the Universities of Scotland. 
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295. The Lupin Alkaloids. Part XIII. The Resolution of dl-Lwpinine. 
By G. R. Clemo, W. McG. Morcan, and R. RAPER. 


1-Octahydropyridocolylcarbinol (I) has been resolved, and the /-component shown 
to be identical with lupinine. 


Tue synthesis of two geometrically isomeric racemic forms of 1-octahydropyridocolyl- 


carbinol (I) was described in Part XII (J., 1937, 965), and by repeatedly 
crystallising the d-tartrate of the form ‘‘ N,” of m. p. 59°, from alcohol, we 
have separated the /-form of the base, which is identical with /-lupinine 
N (I.) obtained from the seeds of Lupinus luteus, thus establishing the formula 
for the alkaloid advanced by Karrer (Helv. Chim. Acta, 1928, 11, 1061) ; 

the d-base also has been isolated with the aid of /-tartaric acid. 


H,OH 


EXPERIMENTAL. 

1-Lupinine d-Tartrate.—l-Lupinine (0-85 g.) and d-tartaric acid (0-75 g.), when mixed in 
alcoholic solution, deposited the tartrate (1-3 g.), which crystallised from alcoholin prisms, m. p. 
170°, [a]p 15-5° + 0-5° in alcohol (¢ = 1-:034%) (Found: C, 52:5; H, 7-6. Calc. for 
Cy9H,,ON,C,H,O,: C, 52-7; H, 7-8%). 

1-Lupinine d-Camphorsulphonate.—The base (0-35 g.) and the acid (0-45 g.) were mixed in 
acetone, and the salt (0-22 g.) crystallised from the same solvent, forming prisms, m. p. 182°, 
[a]p 22-5° (Found: C, 59-8; H, 8-1. CygH,,ON,C,.H,,0,S requires C, 59-8; H, 8-7%). The 
l-camphorsulphonate, similarly prepared, had m. p. 184°, [a]p — 15°3° (Found: C, 59-4; H, 
8-4%). 

1-Lupinine picrolonate crystallised from alcohol in orange plates, m. p. 191° (Found: C, 
55-6; H, 6-2. Ci9H,,ON,C,,H,O,N, requires C, 55-4; H, 6-2%). 

Resolution of Octahydropyridocolylcarbinol (dl-Lupinine).—The base (3-4 g.) and d-tartaric 
acid (3 g.) were dissolved in alcohol (10 c.c.), seeded with /-lupinine d-tartrate, and left over- 
night in the ice-chest. The crude tartrate (3-0 g., m. p. 136—139°) was recrystallised twelve 
times from alcohol, the last fraction (0-15 g.) having m. p. 167° (mixed m. p. with authentic 
l-lupinine d-tartrate, 168—169°) and [a]p 14-9° + 0-5° (Found: C, 52-8; H, 7-9%). The 
base recovered from the above crystallised from light petroleum (b. p. 40—60°) in long prisms 
indistinguishable from /-lupinine, m. p. 69—70°, not depressed by the alkaloid; [a]y — 20-35° 
(micro-determination) in alcohol (c = 5-639%). The authentic base showed [a]p — 21-3° 
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(Found: C, 70-9; H, 11-4. Calc. for C,jJH,,ON: C, 71-0; H, 11-2%). The picrolonate was 
identical with that obtained from /-lupinine, m. p. 192°, mixed m. p. 191° (Found: C, 55-4; 
H, 6-1%). 

d-Lupinine 1-Tartrate—The mother-liquor from the first crop of J-lupinine d-tartrate was 
evaporated, the residue dissolved in water, basified, and extracted with ether, giving the crude 
d-base (1-2 g.). This was combined with /-tartaric acid (1 g.) in alcohol (10 c.c.), and the 
resulting salt (1-25 g., m. p. 140—145°) repeatedly crystallised from alcohol, the final fraction 
(0-2 g.) having m. p. 167—168°, [a], — 15-8° (Found: C, 52-4; H,8-1%). d-Lupinine recovered 
from this had m. p. 68°, [a]p + 19-9° (Found: C, 70-6; H, 11-2%). 


UNIVERSITY OF DurRHAM, KING’s COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 28th, 1938.] 





296. The Ring Structure of Methylgalactofuranoside. 


By W. N. Haworth, E. L. Hirst, D. I. JoNEs, and H. Woopwarp. 


An improved preparation of methylgalactofuranoside (contaminated with a little 
of the pyranoside) is described. Methods are given for obtaining pure 2:3: 5: 6- 
tetramethyl galactofuranose and 2:3: 5: 6-tetramethyl y-galactonolactone from 
the mixture of methyl derivatives obtained by methylating the crude methylgalacto- 
side. It is shown that tetramethyl galactofuranose is transformed on heating into 
an octamethyl digalactofuranose of the trehalose type. Oxidation of 2:3:5:6- 
tetramethyl y-galactonolactone by nitric acid gives d-dimethoxysuccinic acid, un- 
accompanied by trimethoxyglutaric acid. This observation, taken in conjunction 
with the evidence for the pyranose structure of ordinary methylgalactoside, proves 
the structure of tetramethyl y-galactonolactone. 


THE ring structure of normal galactose was established by oxidative methods (Haworth, 
Hirst, and Jones, J., 1927, 2428) and at the same time a study of the constitution of methyl- 
galactofuranoside by similar methods was completed but has not yet been published. 
Methylgalactofuranoside was prepared by a modification of the method of Haworth, 
Ruell, and Westgarth (J., 1924, 125, 2468) which shortened the procedure and allowed 
of the preparation being made on a larger scale. Sulphuric acid was employed instead of 
hydrogen chloride as the catalyst, and the reaction between galactose and the acid alcohol 
was conducted, not in the cold (which requires 24—96 hrs.), but at 80° and for 2 hrs. 
only. The product so obtained ([«]p — 48-5°) contained a slightly higher proportion of 
methylgalactopyranoside than that prepared by the earlier method ([«]p — 52-7°), but 
the practical advantages were obvious and methods were found for removing the pyranose 
derivative. 

The crude methylgalactofuranoside was methylated successively with methyl sulphate 
and methyl iodide, and the syrupy product ([«]#° — 33-6° in water) was submitted to 
simultaneous hydrolysis and oxidation by treatment with hydrobromic acid and bromine. 
It was estimated that the lactone formed in this way contained about 85% of tetramethyl 
y-galactonolactone together with some 15% of the corresponding 8-lactone. Purification 
of the y-lactone was effected through the crystalline p-bromophenylhydrazide of 2:3: 5: 6- 
tetramethyl galactonic acid (m. p. 134—136°), which was readily obtained pure. Hydrolysis 
of this substance under carefully controlled conditions gave 2:3: 5: 6-tetramethyl 
y-galactonolactone, [«]p — 32-6° in water (for precautions necessary, see p. 1576). The 
lactone is obtainable also by methylation of y-galactonolactone, followed by purification 
of the resulting crude tetramethyl lactone by the method just outlined. 

The pure tetramethyl y-galactonolactone may be prepared in another way depending 
on an interesting and unexpected property of tetramethyl galactofuranose, which is trans- 
formed when heated by itself into octamethyl digalactofuranose, a fully methylated sugar of 
the trehalose type, in which both reducing groups are involved in the disaccharide link. 
No such reaction occurs with tetramethyl galactopyranose. This behaviour of 2: 3: 5: 6- 
tetramethyl galactofuranose recalls that of 2:3: 5-trimethyl lyxofuranose which, on 
heating, gives rise to a crystalline hexamethyl dilyxofuranose (Bott, Hirst, and Smith, 





1576 Haworth, Hirst, Jones, and Woodward : 


J., 1930, 665). The methylated disaccharide has a high b. p., and it is possible therefore 
to obtain a pure furanose derivative from the mixture of furanose and pyranose sugars 
obtained on methylation of the crude methylgalactoside described above. On hydrolysis, 
octamethyl digalactofuranose gives rise to two molecules of 2:3: 5: 6-tetramethyl 
galactose, [«]p — 30° in water, and the latter substance on oxidation with bromine water 
gives pure 2: 3:5: 6-tetramethyl y-galactonolactone. 

The lactone ring in tetramethyl y-galactonolactone is remarkably stable, and oxidation 
with nitric acid at 90° proceeds with difficulty. Under more drastic conditions of oxidation 
the chief product was d-dimethoxysuccinic acid (characterised as the amide, m. p. 278— 
280°, decomp., and the methylamide, m. p. 204—205°). No trimethoxyglutaric acid was 
formed. Since normal «-methylgalactoside and its derivatives are known to possess a 
six-membered ring structure, these observations suffice to establish the five-membered 
ring structure of tetramethyl y-galactonolactone and therefore of methylgalactofuranoside. 


EXPERIMENTAL. 


Modified Preparation of Methyl-d-galactofuranoside.—Galactose (50 g.) was gently boiled 
with dry methyl alcohol (400 c.c.) containing 1% of sulphuric acid until complete solution 
was achieved (2 hrs.), and the reaction was then terminated by cooling ([«]) — 27-2°, calculated 
on the weight of galactose used). After neutralisation with lead carbonate and filtration, the 
solution was taken to dryness, and the residue repeatedly extracted with cold ethyl acetate. 
After 9 extractions, the weight of extract was 34-5 g., [a]p — 48-5° (c, 1-89) in water. (The 
rotation value indicates that the extracted syrup contained a higher proportion of methyl- 
furanosides than did the original reaction mixture.) 

Tetramethyl 8-Galactonolactone.—Crude methylgalactofuranoside (46 g.), prepared as above, 
was methylated twice by methyl sulphate and sodium hydroxide, methylation being completed 
by two treatments with methyl iodide and silver oxide. The tetramethyl methylgalactoside 
so obtained ([«]#° — 33-6° in water) was hydrolysed by heating at 85° for 2 hrs. with 3% 
hydrobromic acid. Bromine was then added, and the temperature maintained at 50° until 
the solution was non-reducing (3 hrs.). The lactone was isolated in the usual way and dis- 
tilled, but little sign of separation into fractions was observed (bath temp. 120—130°/0-04 
mm., #}§° 1-4475—1-4500; weight of distillate, 34 g.). 

When heated on the water-bath with p-bromophenylhydrazine (1 mol.), the distillate 
gave the p-bromophenylhydrazide of 2:3: 5: 6-tetramethyl galactonic acid (34 g.), which separ- 
ated from benzene-light petroleum in long needles, m. p. 134—136°, [«]}”" + 19-5° in methyl 
alcohol (c, 2:3) (Found: C, 45-7; H, 6-0; N, 6-9. C,,H,,O,N,Br requires C, 45-6; H, 6-0; 
N, 6-7%). , 

The p-bromophenylhydrazide (10 g.) was heated for 3 hrs. at 90° with the amount of n/10- 
hydrochloric acid requisite to neutralise the liberated p-bromopheénylhydrazine. The solution 
was boiled with charcoal, filtered, and evaporated to dryness at 50°/15 mm. The residue was 
extracted with ether, and on removal of the ether, tetramethyl y-galactonolactone (4-5 g.) was 
obtained, b. p. 120—125° (bath temp.)/0-10 mm., mje" 1-4505, [a]#° — 32-6° (initial value in 
water, c, 3-9); 31-4° (72 hrs.); — 27-8° (144 hrs.); — 27-8° (192 hrs.). The rotation of 
2:3:5:6-tetramethyl galactonic acid was determined in the usual way by dissolving the 
lactone (0-3014 g.) in warm Nn/2-sodium hydroxide (5 c.c.). After cooling and acidification 
with n/2-sulphuric acid (5 c.c.), the observed rotation for the acid (c, 2-01, calc. as lactone) was 
[a]? — 5-5° (initial value); — 7-0° (2-5 hrs.); — 13° (18 hrs.); — 20° (42 hrs.); — 22° (66 
hrs.); — 25° (144 hrs., constant value). The lactone on treatment with methyl-alcoholic 
ammonia gave the corresponding amide, m. p. 151—153° (compare Humphreys, Pryde, and 
Waters, J., 1931, 1298), and on treatment with phenylhydrazine it gave the phenylhydrazide, 
long needles, m.*p. 123—125°. 

It is necessary to proceed with caution in the regeneration of the lactone from the ~-bromo- 
phenylhydrazide, since extensive degradation may take place if excess of acid is used or if the 
product is heated too long in the presence of -bromophenylhydrazine hydrochloride. 

Octamethyl Digalactofuranose.—Tetramethyl methylgalactofuranoside (21 g.), containing 
some of the corresponding pyranose derivative, was prepared by the method described above 
and was hydrolysed by n/10-hydrochloric acid at 100° until the rapid reaction (hydrolysis of 
the furanoside) was complete. The course of the hydrolysis was followed polarimetrically, 
and the product was isolated in the usual way and distilled, the following fractions being 
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obtained : (a) 7 G. bath temp. 110—125°/0-02 mm., n}** 1-4480—1-4530 (mixture of tetramethyl 
methylgalactopyranoside and tetramethyl galactose). (b) 6 G., bath temp. 135°/0-02 mm., 
ni 1-4550, [x]? — 21° in water: this was mainly tetramethyl galactofuranose, as was shown 
by its transformation into a lactone, [«]p — 21°, which gave in good yield 2:3: 5: 6-tetra 
methyl galactonamide, m. p. 153°, alone or when mixed with an authentic sample. The rota- 
tions of sugar and lactone indicate contamination with some pyranose derivative. (c) Octa- 
methyl digalactofuranose, 10 g., bath temp. 193°/0-02 mm., nj~” 1-4580, [«]}? — 67° in water 
(c, 2:19) [Found: C, 52-5; H, 8-3; OMe, 54-5. C,,H,,0,;(OCH;), requires C, 52-8; H, 8-35; 
OMe, 54:5%]. This substance was non-reducing to boiling Fehling’s solution, but became 
strongly reducing after hydrolysis with mineral acid. The rotation fell from [a]) — 67° to 
— 31° in the course of 10 hrs. when the hydrolysis was carried out by n/20-acid on the boiling 
water-bath. The product was isolated in the usual way. On distillation, the first fraction 
(2:3:5:6-tetramethyl galactofuranose) was a colourless oil, bath temp. 129°/0-02 
mm., ni§° 1-4532, [a]? — 31° in water (c, 1-46) (Found: OMe, 51-2. Calc. for C,,H,,0,: OMe, 
52-6%). Later fractions contained octamethyl digalactofuranose. 

On oxidation with bromine water 2:3: 5:6-tetramethyl galactofuranose (the product 
described above, before distillation, can be used) gave in good yield 2:3: 5: 6-tetramethyl 
y-galactonolactone, distilling at bath temp. 125°/0-1 mm., nj” 1-4505, [«]>” — 32° in water 
(c, 2-7) (initial value: mutarotation curve exactly similar to the one given above). The 
lactone gave the characteristic amide of 2:3: 5: 6-tetramethyl galactonic acid, m. p. 153°, 
and was identical with the purified sample of tetramethyl y-galactonolactone already described. 
Both samples appear to be free from contamination with the corresponding 8-lactone. These 
observations incidentally provide complete proof of the structure of the octamethyl di- 
galactofuranose. ‘ 

Methylation of :y-Galactonolactone.—Galactonolactone was methylated five times in succes- 
sion with methyl iodide and silver oxide. It was necessary to add methyl alcohol as a sol- 
vent in the first two methylations. The methylated lactone was purified by formation of the 
barium salt (by warming for 2 hrs. at 90° with n-barium hydroxide solution) and regeneration 
by the addition of an exact equivalent of dilute sulphuric acid. The main fraction of the 
purified lactone distilled at bath temp. 150°/0-11 mm. It had mn} 1-4535, [a]}® — 21-0° 
in water (c, 2-48). The p-bromophenylhydrazide was obtained in the usual way in 55% yield. 
After recrystallisation from alcohol-ether it had m. p. 133—135°, alone or in admixture with 
the specimen prepared previously. Pure tetramethyl y-galactonolactone is obtained, as above, 
by regeneration from the p-bromophenylhydrazide. 

Oxidation of Tetramethyl y-Galactonolactone with Nitric Acid.—Oxidation of the y-lactone 
with nitric acid under the usual conditions (d, 1-42; temp. 95°) proceeded slowly and more 
drastic conditions were required. The lactone (2 g.) was dissolved in nitric acid (d 1-42), placed 
in a water-bath at 70°, and the temperature quickly raised to and kept at 100° for 6 hrs. The 
flask was then transferred to an oil-bath and heated for 2 hrs. at 115—120°. The product was 
extracted and esterified by the usual methods, and the ester distilled at 0-2 mm. : 


Fraction. Bath temp. Weight (g.). np . 


1 113—115° 0-10 1-4388 
2 115—120 0-35 1-4420 
3 125—130 0-60 1-4558 


Fraction 1 was methyl d-dimethoxysuccinate, and fraction 2 contained 60% of this ester, which 
was characterised as the amide (m. p. 278—280°, decomp.) and the methylamide (m. p. 204— 
205°). Fraction 3 was submitted to further oxidation with nitric acid. On the assumption 
that it is the y-lactone ring which occasions the extreme stability to oxidising agents, the sodium 
salt of fraction 3 was first formed by treatment with 30% sodium hydroxide solution (3 c.c.) 
for 4 hr. at 100°. Nitric acid (d 1-42, 25 c.c.) was then added, and the solution heated for 1 
hr. at 100° and for 6 hrs. (under reflux) at 115°. The product was isolated and esterified as 
before. The ester distilled at bath temp. 120—125°/0-11 mm. and had n}y" 1-4360. It was 
pure methyl d-dimethoxysuccinate and gave the amide in 80% yield. 


The authors thank the Department of Scientific and Industrial Research for the award of 
a maintenance grant to one of them (H. W.). 
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297. Arylglycerols. Part I. The Preparation of Two New Forms of 
ay-Diphenylglycerol. 
By WILLIAM BRADLEY and JoHN K. EATON. 


Two new forms of wy-diphenylglycerol have been encountered in the course of 
experiments on the preparation of hydroxyarylglycerols. They are regarded as 
diastereoisomerides. According to Robinson, hydroxyarylglycerols are probably 
intermediates in natural syntheses of plant products. 


AMONGST recent developments in the chemistry of natural products, the views of Robinson 
(Brit. Assoc. Rep., 1921, 417; Proc. Univ. Durham Phil. Soc., 1928, 8, 1, 15; Cong. 
Internat. Union Pure and Appl. Chem., 1934, 9, V, 17) on the course of the natural synthesis 
of plant products are of particular interest. Reviewing the wide variety of structural 
types which have been recognised, he indicated the prevalence of forms based on the group- 
ings C.-C, and C,-C,-C,. Typical examples of the simpler grouping are the propylbenzene 
derivatives safrole, coniferyl alcohol, and #-coumaric acid. The more complex diphenyl- 
propane type is represented by both open-chain and cyclic forms as in butein and quercetin. 
The groupings were regarded as derived by interaction and modification of hexose and triose 
units, and consideration of the state of oxidation of the several parts of a naturally occurring 
compound enabled Robinson to discern the manner in which the union of the parts had 
been effected. Thus, the C, of the first C.-C, group formed was recognised as the origin 
of the substituted phenyl group of the flavones, anthocyanins, etc. A circumstance, 
remarkable in view of the importance of carbohydrates in plant metabolism, is the 
absence of arylglycerols from the list of isolated natural products. The most probable reason 
is that the hydroxylated arylglycerols are very easily changed. Robinson (Nature, 1936, 
137, 172) has, in fact, suggested that oxidation of 2: 4:6: 3’ : 4’-pentahydroxy-ay-di- 
phenylglycerol affords a ketone which is dehydrated to a cyanidin salt in presence of 
acid. No hydroxylated arylglycerol has yet been described, and it was of interest, there- 
fore, to study the properties of typical members of the class. 

wy-Diphenylglycerol, the simplest member of the series related to the natural flavones, 
flavonols, and anthocyanidins, was prepared by Bigelow, Rule, and Black (J., 1935, 83) 
by catalytic reduction of diphenyl triketone, and obtained as colourless needles or prisms, 
m. p. 84-5—85°, which readily formed a monohydrate, m. p. 97—99°. A benzene solu- 
tion of the glycerol, shaken with concentrated sulphuric acid, gave a characteristic bright 
red coloration, and the solid compound dissolved in sulphuric acid to a brilliant purple 
solution. The triacetate formed plates, m. p. 85—86°. Two other forms of this glycerol 
have now been obtained by the methods described below. 

(a) Benzoyl peroxide (1 mol.) reacted with a cold benzene suspension of the sodium 
salt of dibenzoylmethane (1 mol.) to form w-benzoyloxy-w-benzoylacetophenone (I) and 
benzoic acid (1-1 mols.) (cf. Bradley and Robinson, J., 1928, 1543) : 


Na{CH(COPh), + (Ph-CO-O), = (I.) CH(O*COPh)(COPh), + Ph-CO,Na. . (1) 


Catalytic reduction of (I) afforded $-O-benzoyl-wy-diphenylglycerol (II) in poor yield, to- 
gether with dibenzoylmethane, benzoic acid, and other products. The highest yields of 
(II) were obtained when 5 mols. of hydrogen had been absorbed, a circumstance which 
indicates the occurrence of side reactions. A monoketone (III) could be isolated when 2 
mols. of hydrogen had been taken up. The formation of dibenzoylmethane and benzoic 
acid is probably to be regarded as an instance of ester “ hydrogenolysis ” (cf. Covert, 
Connor, and Adkins, ]. Amer. Chem. Soc., 1932, 54,1651). Alternatively, the monoketone 
(III) may lose the elements of benzoic acid. 

Hydrolysis of the benzoyl derivative (II) with alcoholic potassium hydroxide gave a 
form of wy-diphenylglycerol, m. p. 117—118° (IV). Unlike Bigelow, Rule, and Black’s 
compound (loc. cit.), this second form shows no tendency to hydration, and the colour 
of its sulphuric acid solution is brown. 
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(b) Phenylstyrylcarbinol and perbenzoic acid afforded an oxide (V), from which a third 
form of «y-diphenylglycerol (VI), m. ‘p. 128°, was obtained by hydrolysis with dilute 


CH(O-COPh)(COPh), —-> CH,(COPh), ++ Ph-CO,H 


H 
(III.) 
COPh-CH(O-COPh)-CH(OH)Ph 


\ 
- COPh-CH:C(OH)Ph + Ph-:CO,H 


CH(O-COPh)[CH(OH)Ph], ——> CH(OH)[CH(OH)Ph], 
(II.) (IV; m. p. 117—118°.) 


sulphuric acid. This resembled the form of m. p. 117—118° in showing no tendency to 
hydration, and in the brown colour of its solution in sulphuric acid. A mixture of these 
two forms melted at 98°. The higher-melting form affords a triacetate, m. p. 129—130°. 


O 
CHPh(OH)-CH:CHPh —> CHPh(OH)-CK—CHPh (V.) 


CHPh(OH)-CH(OH)-CH(OH)Ph (vI; m. p. 128°.) 


Configurations of the Diastereoisomeric wy-Diphenylglycerols.—As indicated by Rule 
et al. (loc. cit.), wy-diphenylglycerol must be capable of existing in a racemic form, and in 
two internally compensated forms. In the absence of sufficient data it is not possible 
to assign irrefutable configurations to the three isolated forms, but analogies exist which 
strongly suggest the structures of two. 

In its low m. p., and in its ability to form a hydrate, Bigelow, Rule, and Black’s form 
of m. p. 84-5—85° resembles the closely related isohydrobenzoin, which has a lower m. p. 
than hydrobenzoin, and, unlike the latter, exists in a hydrated form [hydrobenzoin : 
m: p. 134°, Forst and Zincke, Annalen, 1876, 182, 286; m. p. 137—138°, Ciamician and 
Silber, Ber., 1910, 48, 948; isohydrobenzoin: m. p. 121°, idem, Ber., 1901, 34, 1539; 
m. p. 119—120° (anhydrous), m. p. 95—96° (hydrated), Forst and Zincke, ibid., p. 279]. 
This «wy-diphenylglycerol may therefore be regarded as the racemic form (a, b). 


Ph Ph Ph Ph 
H-C-OH HOCH H-C-OH H-C-OH 
H-C-OH HO-C-H H-C-OH HO-C-H 

HOC-H H-C-OH H-C-OH H-C-OH 

Ph Ph Ph Ph 

(a.) (b.) (c.) (d.) 


Of the two remaining configurations, (c) probably represents the wy-diphenylglycerol, 
m. p. 128°, since this is obtained by hydrolysing an «-oxide. Instances are available of 
the production of a trans-1 : 2-diol by acid hydrolysis of an a-oxide. For example, Kuhn 
and Ebel (Ber., 1925, 58, 919) obtained both d/- and meso-tartaric acid from cis-dicarboxy- 
ethylene oxide. In the present case, however, the product is likely to be a cis-1 : 2-diol 
for the following reason. Prévost (Compt. rend., 1934, 197, 1661) found that the complex, 
Ag(OBz),I, obtained by treating silver benzoate with iodine, would react with ethylenic 
compounds to form the related ethylene dibenzoates : 


>C:C< + Ag(OBz),I —» >C(OBz)-C(OBz)< + Agl 


The main product was the ¢vans-isomeride. When the reaction was applied to cinnamyl 
benzoate (Prévost and Lossen, ibid., 198, 659), the main product (yield, 85%) was an 
5K 
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a-phenylglyceryl tribenzoate, m. p. 116-5°, which was therefore regarded as the trans- 
compound. An isomeride (cis-) was formed simultaneously in much smaller amount 
(15%). The latter melted at 152° and gave on hydrolysis the cis-form of a-phenylglycerol, 
m. p. 995°. The same a-phenylglycerol, m. p. 98—99°, has also been obtained by 
hydrolysing «-phenylglycidol (Platt and Hibbert, Canadian J. Res., 1932, 7, 629). In 
this instance, therefore, hydrolysis of an «-oxide affords the cis-form of the derived 1 : 2- 
diol. We have confirmed the identity of the a-phenylglycerol obtained from phenyl- 
glycidol with the cis-form described by Prévost and Lossen (loc. cit.), since the former, too, 
affords a tribenzoate, m. p. 151—152°. 


Ph-CO-0-CHPh OH-CHPh CHPh 
> 


== << o< 
Ph-CO-O-CH-CH,-O-COPh us onCHCH,OH H-CH,-OH 


cis-. cis-. 


The «y-diphenylglycerol, m. p. 128°, was obtained analogously by hydrolysing the oxide 
of phenylstyrylcarbinol, and is therefore to be regarded as a cis-1 : 2-diol (VII). 


PhHC PhHC:OH 
__ es : 
CHPh(OH): CHPh(OH):HC-OH (VII) 
Configuration (d) remains to represent the «y-diphenylglycerol, m. p. 117—118°. 


EXPERIMENTAL. 


o-Benzoyloxy-w-benzoylacetophenone (1).—Dibenzoylmethane (45 g.) was converted into 
the sodium derivative by heating it in dry benzene (150 c.c.) with powdered sodium (4-5 g.). 
The suspension was stirred while a solution of benzoyl peroxide (48-4 g.) in benzene (550 c.c.) 
was added slowly during 2-5 hours, the temperature being kept below 10°, and access of mois- 
ture being prevented. After being stirred for a further 6 hours and then kept overnight, the 
suspension was neutral to phenolphthalein. It was shaken with water (100 c.c., 40 c.c., 40 
c.c.), and the aqueous solutions united, washed with benzene, and acidified. The yield of 
benzoic acid was 22-0 g. [Calc. for equation (1), 19-9 g.]. The benzene solution contained 8-9 g. 
of unreacted benzoyl peroxide, and this was decomposed by adding sodium iodide (23 g.) 
dissolved in a mixture of acetone (130 c.c.) and glacial acetic acid (20c.c.). The liberated iodine 
was removed by shaking with aqueous sodium thiosulphate. The benzene layer was washed 
with sodium carbonate solution, then with water, and finally dried over calcium chloride. 
Evaporation of the solvent afforded successive crops of crystals, m. p. 92—94°, which were 
further purified from alcohol; yield 38 g., m. p. 96—97°. «-Benzoyloxy-w-benzoylacetophenone 
crystallises from alcohol in colourless needles, m. p. 97° (Found: *C, 76-5;* H, 4-6; M, 
338. C,.H,,0, requires C, 76-7; H,4:7% ; M, 344). Itdissolved in concentrated sulphuric acid 
to a golden-yellow solution. It neither gave a coloration with ferric chloride, nor formed a 
copper derivative, but it reduced Fehling’s solution on warming. 

8-Hydroxy-a-benzoyloxy-B-phenylpropiophenone (III).—A suspension of platinum oxide 
(Adams; 0-2 g.) in ethyl acetate (100 c.c.) containing w-benzoyloxy-w-benzoylacetophenone 
(12 g.) was stirred in hydrogen for 6 hours, during which 2000 c.c. of the gas were absorbed at 
20°/748 mm. Evaporation of the filtered solution gave crystals (6 g.), m. p. 118—123°, and 
finally a viscous oil from which benzoic acid separated. The oil gave a red coloration with ferric 
chloride, and a green copper derivative separated when an ethereal solution was shaken with 
aqueous copper acetate. MRecrystallised from benzene, the copper derivative had m. p. 293— 
294°, not depressed by that of dibenzoylmethane, m. p. 295—297°. The material, m. p. 
118—123°, gave small colourless prisms, m. p. 137°, after several crystallisations from benzene 
(Found: * C, 76-7; * H, 5-4. C,.H,,O, requires C, 76-3; H, 5-2%). §-Hydroxy-a-benzoyloxy- 
B-phenylpropiophenone was moderately soluble in alcohol and in benzene, very sparingly in water 
and in light petroleum. It gave a pale yellow precipitate with an aqueous solution of 2: 4- 
dinitrophenylhydrazine hydrochloride. In the cold it was stable to Fehling’s solution, but on 
warming, the reagent was slightly reduced, benzaldehyde being formed. 

B-O-Benzoyl-xy-diphenylglycerol (I1).—w-Benzoyloxy-w-benzoylacetophenone (12 g.) was re- 
duced in ethyl acetate solution (100 c.c.) in contact with platinum oxide (0-22 g.), 4065 c.c. 
of hydrogen being absorbed at 20°/748 mm. When the filtered solution was allowed to evapor- 
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ate, crystals (3-5 g.) separated. Recrystallisation from benzene gave material, m. p. 154—155°. 
The mother-liquor deposited crystals, m. p. 165—166°. The m. p. of the first fraction remained 
almost unchanged after several crystallisations from alcohol; colourless, stout prisms, m. p. 
154-5—155-5°, were obtained (Found: {C, 75:8; tH, 6-0; M, 347. C,H, O, requires C, 
75-9; H, 58%; M, 348). The compound was moderately soluble in benzene, more easily in 
alcohol, sparingly in ether, water, or light petroleum. It was stable to hot Fehling’s solution. 
There was no reaction with an aqueous acid solution of 2: 4-dinitrophenylhydrazine. It 
dissolved in concentrated sulphuric acid to a colourless solution. 

ay-Diphenylglycerol, m. p. 117—118° (IV).—0-15 G. of the O-benzoyl derivative (II) was 
dissolved in alcohol (2 c.c.) and boiled for 3 hours with 30% alcoholic potassium hydroxide 
(lc.c.). Estimation of the amount of potassium hydroxide consumed indicated that hydrolysis 
was then complete. The solution was neutralised with hydrochloric acid and evaporated to 
dryness. The residue was extracted with benzene and the solution evaporated. An oil re- 
mained and this was extracted with hot water. The colourless, filtered solution gave crystals, 
m. p. 113—116°, on cooling. TRecrystallisation from acetone-light petroleum gave material, 
m. p. 114—117°, and this was twice crystallised from water; colourless prisms, m. p. 117— 
118°, were obtained (Found: *C, 73-7; *H, 6-6. (C,;H,,O, requires C, 73-8; H, 6-6%). 
This form of wy-diphenylglycerol shows no tendency to hydration. It is sparingly soluble in 
light petroleum, more readily soluble in acetone and in water. It dissolves in concentrated 
sulphuric acid with a brown colour. It is unaffected by boiling Fehling’s solution. 

‘ay-Diphenylglycerol, m. p. 128°.—Phenylstyrylcarbinol was prepared by adding freshly | 
distilled cinnamaldehyde (12-5 g.) to the Grignard reagent prepared from bromobenzene 
(23-5 g.) (cf. Kohler, Amer. Chem. J., 1904, 31, 660; Nomura, Bull. Soc. chim., 1925, 37, 1245). 
The reaction product was decomposed with ice and dilute sulphuric acid, and the carbinol 
extracted with ether. The extract was washed with aqueous sodium bisulphite, then with 
sodium bicarbonate, and finally with water until neutral. If the solvent was removed without 
delay, the residue crystallised. If, however, the solution was kept for a few hours before evapor- 
ation, only syrupy material could be obtained. The crystalline carbinol was washed with 
light petroleum, and dried on porous tile. Recrystallisation from the same solvent gave slender ° 
prisms, m. p. 56—57°, as described by Nomura (loc. cit.); yield, 10-6 g. 

Perbenzoic acid (7 g.), dissolved in chloroform (150 c.c.), was added during 1 hour to a 
solution of phenylstyrylcarbinol (10-5 g.) in chloroform (50 c.c.), which was stirred at 0°. Only 
a trace of perbenzoic acid remained after the reactants had been kept for 24 hours. The solu- 
tion was washed with 10% sodium hydroxide, then with water, and finally dried over sodium 
sulphate. When the solvent was evaporated at 40°, a colourless oil remained, and this was 
dissolved in alcohol (10 c.c.) and added through a capillary tube to 0-02Nn-hydrochloric acid 
(80 c.c.), which was stirred at 0°. The addition required 2 hours, and stirring was continued 
for 40 hours longer. The product consisted of colourless crystals, and an oil which contained 
benzaldehyde. The crystalline material was collected and washed with a little benzene; yield, 
44 g., m. p. 115—120°. A further quantity (0-2 g., m. p. 122—124°) separated when the 
neutralised aqueous solution was kept. Crystallisation from benzene and then from water 
gave colourless prisms, m. p. 128° (Found: C, 73-7; H, 6-4; M, 253. C,,;H,,O, requires 
C, 73-8; H, 66%; M, 244). This form of awy-diphenylglycerol is very sparingly soluble in 
light petroleum, moderately soluble in acetone and in benzene, readily in alcohol and in ether. 
It dissolves in water to give a 1% solution at the ordinary temperature. It is stable to boiling '. 
Fehling’s solution, and, like the form of m. p. 117—118°, it dissolves in concentrated sulphuric 
acid with a brown colour and shows no tendency to form a hydrate. A mixture of the two 
forms melted at 98°. Benzaldehyde, which was encountered in the preparation of the glycerol, 
did not appear to have been formed at the oxidation stage, but during the subsequent treatment 
with acid. It resulted no doubt by fission of wy-diphenylglycerol, which with dilute mineral 
acids yields benzaldehyde and a crystalline solid, probably benzoylcarbinol. 

O-Triacetyl-wy-diphenylglycerol, m. p. 129—130°.—«xy-Diphenylglycerol (0-5 g.), m. p. 128°, 
was boiled for 30 minutes with acetic anhydride (10 c.c.) and fused sodium acetate (1 g.). 
The product (0-74 g.), which separated when water was added to the cooled solution, was re- 
crystallised from alcohol, affording colourless plates, m. p. 129—130° (Found: *C, 68-1; 
*H, 60; CH,-CO, 35-6. C,,H,,O, requires C, 68-1; H, 6-0; CH,*CO, 349%). 

O-Tribenzoyl-a-phenylglycerol, m. p. 154°.—a-Phenylglycerol, obtained by . hydrolysing 
a-phenylglycidol (Platt and Hibbert, Joc. cit.), is most easily purified.by crystallisation from 
acetone. Benzoyl chloride (8-5 g.) was added in successive small amounts to an agitated 

* Analyses by Dr. Ing. A. Schoeller. ft Analysis by Dr. G. Weiler. 
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suspension of a-phenylglycerol (3-4 g.) in 10% aqueous sodium hydroxide (15 c.c.). The slight 
excess of benzoyl chloride was removed by adding more dilute sodium hydroxide. The 
crystalline product (m. p. 145—146°), further purified from alcohol, was obtained as colourless 
prisms, m. p. 151—152° (Found: *C, 74:9; *H, 5-1. Calc. for Cs5H,,0O,: C, 75-0; H, 5-0%). 


One of the authors (J. K. E.) thanks the Manchester Education Committee for a Research 
Scholarship which enabled him to take part in the work. 
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298. The Condensation of Salicylaldehyde with Deoxybenzoin. 
By PETER P. Hopr and RAymonp J. W. LE FEvRre. 


Salicylaldehyde and deoxybenzoin react normally in a variety of solvents under the 
influence of hydrogen chloride to give 2: 3-diphenylbenzopyrylium salts. The diffi- 
culty—noted by previous workers—of effecting condensation under alkaline condi- 
tions is confirmed. Reasons are stated for regarding the substance C,,H,,O,, 
formed in the presence of piperidine, as 2: 3-diphenylbenzopyranol rather than 
salicylidenedeoxybenzoin. 


ACCORDING to Singh and Mazumdar (J., 1919, 115, 821), the product obtained from sali- 
cylaldehyde and deoxybenzoin in methyl-alcoholic hydrogen chloride solution depended 
upon the temperature of reaction : at 27° the pyrylium chloride (I) was produced, and at 
0°, the corresponding salicylidenedeoxybenzoin C,H,(OH)-CH:CPh-COPh. On repeat- 
ing this condensation at 0—30°, however, we obtained only the former product when a 
solution of the initial substances in methyl or ethyl alcohol, ether, acetic acid, ethyl 
acetate, or 99°% formic acid was treated with dry hydrogen chloride. In the present work 
3-phenylflavylium salts have been isolated without difficulty from either (I) or (II). 





aan + ¢OPh HCl, with or ss 
sat bo Ph without solvents 


Aqueous 2; 
=| x 





No reaction 
a ) 


In order to identify the second substance isolated by the Indian authors we attempted 
to prepare salicylidenedeoxybenzoin, and confirmed previous statements in the literature 
that no condensation between the aldehyde and deoxybenzoin occurred under those alkaline 
conditions usually sufficient. Hill (J., 1936, 806), however, had effected a reaction, with 
piperidine as catalyst, from which he isolated ‘‘ almost colourless rhombs,’’ m. p. 129°, 
of composition C,,H,,0,. We have repeated this preparation, but it seems reasonably 
certain that the material so obtained is the pyranol (II), since (1) its physical properties 
are in contrast to those of p-hydroxybenzylidene- and vanillylidene-deoxybenzoins, which 
are both highly coloured crystals; (2) it does not depress the m. p.’s of preparations of 
2 : 3-diphenylbenzopyranol obtained either (i) as prescribed by Hill (loc. cit.) by boiling the 
“* salicylidenedeoxybenzoin ”’ with glacial acetic acid for 10 minutes, or (ii) from the 
ferrichloride corresponding to (I) according to the method of Decker and von Fellenberg 
(Annalen, 1909, 364, 1), or best, (iii) from the perchlorate, as described later; and (3) it has 
the same effect on the dielectric constant, density, and refractive index of benzene, under 
comparable conditions of concentration and temperature, as the related diphenylbenzo- 
pyranol: within the limits of experimental error both substances have the same dipole 
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moment, viz., 1-7 D.—a not unreasonable figure for a tertiary alcohol, but considerably 
lower than those usually found for ketones (cf., e.g. benzylideneacetophenone, p = 3-0; 
J., 1937, 1037). 

These facts suggest that salicylidenedeoxybenzoin is unstable in its open-chain form, 
and immediately undergoes an internal ketone—alcohol addition. The case is thus similar 
to that of salicylaldehyde and dibenzyl ketone, which interact in the presence of piperidine 
to form directly 3-phenyl-2-benzylbenzopyranol and the corresponding anhydro-base 
(Dilthey and Quint, J. pr. Chem., 1931, 131, 1). | 

Some of Hill’s observations appear to contradict our suggestion, viz., that his “ sali- 
cylidenedeoxybenzoin ”’ could be recrystallised from alcohol without change, whereas the 
pyranol by the same treatment was converted into the ethyl ether. This point is, how- 
ever, explained by the suggestion (for which we are indebted to a Referee) that the pyranol 
might tend to crystallise unchanged from alcohol in the presence of a trace of piperidine 
(alkaline conditions) but to separate as the ethyl ether from alcohol containing small 
amounts of acetic acid. These reactions have been checked, experimentally, and are 
consistent with the fact that we have always found it difficult to free preparations of Hill’s 
compound entirely from the extremely small quantities of piperidine sufficient to give a 
yellow tinge, except by shaking with acetic acid or anhydride—as was done by Hill— 
whereupon, of course, it becomes quite colourless, and with alcohol gives the ether. 

The following are some qualitative tests which bear further on the main question : 
(1) Hill’s compound reacts slowly or not at all with 2 : 4-dinitrophenylhydrazine in alcoholic 
solution, in contrast to chalkone, o-hydroxystyryl methyl ketone, and salicylideneaceto- 
phenone, which give the corresponding 2 : 4-dinitrophenylhydrazones. This, however, 
cannot be accepted as evidence of the pyranol structure since (a) we have likewise failed 
with the true pyranol, and (b) several examples are known of pyranols which react readily 
with reagents for ketone groups (e.g., Dilthey, J. pr. Chem., 1917, 95, 111; Dilthey and 
Béttler, Ber., 1919, 52, 2040), although normal products are not formed in all such cases. 
(2) Hill’s preparation and the authentic pyranol both dissolve in cold glacial acetic acid 
to yellow solutions, the colours of which are both instantly intensified by addition of a : 
drop of concentrated hydrochloric acid and then are both unchanged by boiling. These 
observations give further support to the view now put forward, since the simpler o-hydroxy- 
chalkones under this treatment give first the reddish colour of the ketone—acid addition 
compound, which fades to the paler oxonium chloride when the solution is boiled. Pyranols, 
on the other hand, assume the latter condition immediately the mineral acid is added. 
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EXPERIMENTAL, 


(1) Alkaline Condensations.—(a) Mixtures of salicylaldehyde (0-8 g.), deoxybenzoin (1-0 g.) 
and ethyl alcohol (various amounts) were treated with potassium hydroxide (7-5 g.) in ‘ 
water (5 c.c.); after some time, deposits of yellow crystals were obtained, but these were a 
potassium derivative of salicylaldehyde, the remainder of the aldehyde being recovered from 
the filtrate by acidification, etc. (b) Mixtures of salicylaldehyde, deoxybenzoin, and piperidine ; 
gave glasses when heated together at 100°, and the addition of alcohol did not give a better 
product except at room temperatures, in which case a product was isolated in accordance with 
Hill’s directions (loc. cit.). This alleged salicylidenedeoxybenzoin was treated with 2: 4- 
dinitrophenylhydrazine in alcoholic solution (Brady and Elsmie, Analyst, 1926, 51, 77) or in 
the presence of alcoholic sulphuric acid (Brady, J., 1931, 757), but in neither case was a pro- 
duct formed. On the other hand, by either method, chalkone, o-hydroxystyryl methyl] ketone, 
salicylideneacetophenone, and deoxybenzoin all afforded dinitrophenylhydrazones of m. p. 
169—170° (orange), 177° (scarlet), 220—221° (scarlet), and 157° (orange), respectively. 

(2) Acid Condensations.—The aldehyde (0-8 g.) and ketone (1-0 g.) were dissolved in a solvent, 
saturated with dry hydrogen chloride, and any deposit was filtered off after 24 hours. From 
absolute methyl and ethyl alcohols, yields were obtained as follows: MeOH, 0°, 1-0 g.; 27°, 
0-6 g.; EtOH, 0°, 1-1 g.; 27°, 0-6 g.; 60°, 0-6 g. These products were identical and had 
m. p. ca. 200° (decomp.) ; Das and Ghosh (J., 1919, 115, 819) described this chloride (I) as darken- 
ing at 85* with m. p. 176° (decomp.). Acetic and formic acids and ethyl acetate gave red 
solutions from which no crystals separated, but addition of a concentrated ferric chloride. solu- 
tion to the first two afforded the ferrichloride, which, after crystallisation from acetic acid, 
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formed yellow plates, m. p. 124° (Found : C, 52-0; H, 3-22; Fe, 11-65. Calc. for C,,H,,OCI,Fe : 
C, 52-3; H, 3-12; Fe, 11-63%); Decker and von Fellenberg (loc. cit.) quote m. p. 123—124° 
(corr.). Dilution of the alcoholic chloride solutions with much water gave the pyranol as a 
pinkish-white solid (m. p. 122—124°, after purification by extraction and crystallisation from 
light petroleum), which with picric acid and a little warm alcohol afforded the picrate as a yellow 
powder, decomp. ca. 235°. The use of aqueous perchloric acid instead of picric acid gave the 
perchlorate, but this was obtained in purer and better yields by dissolving the above proportions 
of salicylaldehyde and deoxybenzoin in anhydrous ether (ca. 40 c.c.) containing 70% perchloric 
acid (3 c.c.) and saturating the solution with dry hydrogen chloride at 0°. After one day a 
quantitative separation of yellow platelets, m. p. 246° (darkening at 240°) had occurred (Found : 
C, 65-4; H, 3-9. C,,H,,0,;Cl requires C, 65-8; H, 39%). This perchlorate (2 g.), dis- 
solved in a small quantity of boiling acetic acid and diluted with water (500 c.c.), gave a milky 
suspension, which, after standing for 12 hours, formed a quantitative yield of the crystalline 
pyranol, m. p. 121°, raised by one crystallisation from light petroleum to 124° (cf. Decker and von 
Fellenberg, loc. cit.). 

Dielectric Constants, Densities, and Refractive Indexes of Solutions in Benzene.—These data, 
and the polarisations calculated from them, are tabulated below under the headings: w,, 
the weight fractions of the solutes in the solutions; 33°, the dielectric constants of the solutions 
measured at 1200 kc. and 25°; d%%*; n?*; and finally the specific polarisations and refractions, 
Py, and r,, respectively, derived from the appropriate dielectric constant (or refractive index) 
values and the densities by the relations p,, = (e — 1)/(e + 2)dfand ry, = (m® — 1)/(n® + 2)d. 


200 25° 25 
100w. as . dg: . "Np. V12- 


Pis- 
0 2-2725 0-87378 * 0-34086 1-49725 0-33503 
“* Salicylidenedeoxybenzoin.”’ . 
0-11435 2-2744 0-87414 0-34108 —_ _- 
0-13124 2-2748 0-87419 0-34113 a —- 
0-16543 2-2754 0-87429 0-34120 1-49759 0-33503 
2 : 3-Diphenylbenzopyranol. 


0-12004 2-2746 0-87416 0-34110 —_— — 
0-12991 2-2747 0-87419 0-34111 — — 
0-14378 2-2749 0-87424 0-34113 1-49755 0-33503 


The figures in cols. 2, 3, and 5 show the same straight-line dependence upon concentration 
for both preparations. This is emphasised by calculating the coefficients a, B, and y (de- 
termining the rate of change of dielectric constant, density, and refractive index respectively 
of the solutions with increase in w,) in the equations: ¢,, = ¢,(1 + aw), dj, = d,(1 + Bw)), 
My_ = M,(1 + yw,); « and 6 have been obtained from mean values of ae, and Bd, drawn from 
each of the two sets of solutions as the quotients X(e,, — ¢,)/Xw, and X{d,, — d,)/Zw,. As 
the following table shows, the results are practically identical : 


Mean values of : ° . y- 
“* Salicylidenedeoxybenzoin ” ; 0-36 0-14 
2 : 3-Diphenylbenzopyranol , 0-36 0-14 
From the various data, the total molecular polarisations and refractions at infinite dilution 
have been calculated by using the equations: pPo = M[p,(1 — 8) + Cae] and [Rz]p = 
M[r, + (%12 — %2)/w,] (cf. Le Févre and Vine, J., 1937, 1805), in which M is the molecular weight 
of the solute (300 in the present instance) and C has the value 0-1881. The dipole moments 
of the substances are shown in the last column of the following table : 


Substance. tPe. [Rz]p.- p, D. 
** Salicylidenedeoxybenzoin ” ...........ss00 Sebseepese 162-9 c.c. 100-5 "74 
2 : 3-Diphenylbenzopyranol 161-6 c.c. 100-5 Te 
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Ww By E. E. PEercivat and E. G. V.. PERCIVAL. 
: The preparation and alkaline hydrolysis of 3-p-toluenesulphony]l 2: 4 : 6-trimethyl 
ic galactose is described. A trimethyl methylhexoside was obtained on hydrolysis from 4 
- which on methylation and suitable treatment a good yield of tetramethyl galacto- . 
¥ pyranose anilide was obtained and no gulose derivatives were detected. It is con- 
* cluded therefore that Walden inversion does not take place in this case on removal 
of the -toluenesulphonyl residue. The resistance to hydrolysis of 3-p-toluene- 
4 sulphonyl 2: 4 : 6-trimethyl «-methylgalactoside with acid and alkali is discussed. 
n 





OLDHAM and ROBERTSON (J., 1935, 685) and Peat and Wiggins (this vol., p. 1088) point 
out that in the sugar series the removal of a p-toluenesulphony] residue is not necessarily 
accompanied by a Walden inversion, but that when inversion is observed it is invariably 
accompanied by anhydro-ring formation. Similar conclusions are drawn by Irvine and 
Robertson (Rec. Trav. chim., 1938, 57, 575), who also point out that no Walden inversion 
has ever been authenticated involving ring formation other than of the ethylene oxide 
type, although Hess and Neumann (Ber., 1935, 68, 1360) claimed to have isolated a 
derivative of idose by the alkaline hydrolysis of 4-p-toluenesulphonyl 2 : 3 : 6-trimethyl 
glucose, but this claim is disputed by Freudenberg and Braun (Ber., 1935, 68, 1988). 

An opportunity to test the possibilities of propylene oxide ring formation arose by 
the isolation of 3-p-toluenesulphonyl 2: 4: 6-trimethyl galactose from the corresponding 
inethylgalactoside by the method of Hess and Neumann (loc. cit.) via the 1-chloro-3-p- 
toluenesulphonyl 2 : 4 : 6-trimethyl galactose. As isolated, this substance was chiefly but 
not exclusively the $-form, but it has not yet been possible, as with the original 
galactoside (Percival and Somerville, J., 1937, 1615), to separate a pure stereochemical 
form by fractional crystallisation. The subsequent arguments, however, are not affected 
by the presence of some of the «-variety. 

A crystalline anhydro-compound could not be obtained by treatment of 3-f-toluene- 
sulphonyl 2 : 4 : 6-trimethyl galactose with sodium methoxide under various conditions, 
but with 5% sodium methoxide in methyl alcohol at 70° for 20 hours, and after suitable 
treatment, a syrup corresponding in properties to a trimethyl methylhexoside (A) was 
obtained in 50% yield. Complete methylation, hydrolysis, and anilide formation 
resulted in the isolation of tetramethyl galactopyranose anilide in good yield, and no 
other sugar could be detected. It must be admitted that, as no crystalline reference 
compounds of the other possibility, tetramethyl gulose, are yet available, a small quantity 
of this substance may have escaped notice, but (A) was undoubtedly mainly a mixture 
of trimethyl «- and §-methylgalactosides. The formation of this substance could be 
explained by the splitting off without inversion of the #-toluenesulphonyl residue, 
together with the “‘ active’ hydrogen atom on C, and the simultaneous entry of a methyl 
group in this position. Probably a more satisfactory explanation is that the #-toluene- 
sulphony] residue is eliminated from the 3-p-toluenesulphony] 2 : 4 : 6-trimethyl 6-galactose 
with its two potential cis-hydroxyl groups, without Walden inversion, to yield the 
1 : 3-anhydride, and this subsequently breaks down in one direction only, viz., at the link 
to C,. Otherwise, tetramethyl gulose or tetramethyl galactose (if two inversions had 
taken place on C,) and not trimethyl methylgalactoside would have resulted. 

It might have been expected that the breaking of the hypothetical 6-1 : 3-anhydro-ring 
would yield an «-galactoside, since rupture of an ethylene oxide ring with sodium 
methoxide involves a Walden inversion at the point of entry of the new methyl group 
(Robertson and Griffith, J., 1935, 1193; Peat and Wiggins, loc. cit.). In this case the 
inversion is only partial, presumably owing to the extra mobility of the groups on C, as 
distinct from those on other carbon atoms. A partial inversion on C, when 2-acetyl 
6-trityl 3 : 4-anhydro-a«-methylgalactoside is treated with sodium methoxide is recorded 
by Oldham and Robertson (loc. cit.) although Peat and Wiggins (loc. cit.) obtained 
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complete inversion with 2 : 6-dimethyl 3 : 4-anhydro-8-methylalloside, and it may also 
be recalled that Levene and Raymond (J. Biol. Chem., 1933, 102, 317) converted 
1: 2-monoacetone 3: 5-anhydro-xylofuranose into 1:2-monoacetone 5-methyl xylo- 
furanose by treatment with sodium methoxide. The present results show therefore that 
Walden inversion does not occur on the removal of a #-toluenesulphonyl residue from C, 
although a cis-hydroxyl group is available on C,, and have a parallel in the observation 
of Peat and Wiggins (loc. cit.) that 3-p-toluenesulphonyl glucofuranose monoacetone may 
also be hydrolysed without Walden inversion. 

Finally, we record that 3-p-toluenesulphonyl 2 : 4 : 6-trimethyl methylgalactoside was 
remarkably resistant to hydrolysis, although after 100 hours’ treatment with sodium 
methoxide at 70°, crystalline 2 : 4 : 6-trimethyl methylgalactoside was isolated, showing, 
as expected, the absence of Walden inversion. Attempts to hydrolyse the glycosidic 
methoxyl residue with 7% aqueous-alcoholic sulphuric acid at 100° for as long as 50 hours 
were futile, much of the starting material being recovered unchanged. Although the 
galactoside in question contained some of the $-form, it was largely the «-variety, and 
the results are in contrast to the behaviour of the corresponding 6-galactoside, which is 
readily hydrolysed by Sodium methoxide (Bell and Williamson, this vol., p. 1196). From 
an inspection of models it would seem likely that the p-toluenesulphonyl residue in the 
a-form can approach so closely to the glycosidic hydrogen atom (cis) as to affect its 
properties. This could occur either by virtue of the purely mechanical shielding effect 
of the large aromatic residue or, more probably, by the formation of a bond, due to the 
existence of two forms in resonance, between the glycosidic hydrogen atom and the 
strongly electronegative oxygen atoms of the #-toluenesulphonyl residue. In the $-form 
the methoxyl residue is cis- and the hydrogen atom is trans- to the p-toluenesulphonyl 
residue on Cg, so the effect is not observed in this case. 


EXPERIMENTAL. 


3-p-Toluenesulphonyl 2:4:6-Trimethyl Methylgalactoside—2:4:6-Trimethyl methyl- 
galactoside (2 g.), m. p. 40—50°, [a]? + 108° in water (c, 0-6), was dissolved in pyridine 
(2-5 c.c.) and treated with p-toluenesulphonyl chloride (2-4 g.) at 0°. After 24 hours, water 
was added, and the mixture extracted with benzene, the extract being washed with dilute 
hydrochloric acid, sodium bicarbonate solution, and water, and dried over sodium sulphate. 
After removal of solvent under diminished pressure, a syrup was obtained which crystallised 
spontaneously (2-75 g.) and on recrystallisation from light petroleum (b. p. 60—80°) gave 
shining needles, m. p. 119—120°, [a]p + 84° in chloroform (c, 0-5) (Found: C, 52-1; H, 7-0; 
OMe, 31-0. C,,H,,0,S requires C, 52-3; H, 6-7; OMe, 31-8%). 

1-Chloro-3-p-toluenesulphonyl 2:4:6-Trimethyl Galactose——The foregoing crystalline 
3-p-toluenesulphonyl 2 : 4: 6-trimethyl methylgalactoside (1 g.) was dissolved in acetic anhydride 
(6 c.c.), and the solution saturated with dry hydrogen chloride at — 18°. The containing 
tube was then sealed, and kept at room temperature for 3 days. On pouring the mixture on 
ice, a solid was obtained which was dissolved in benzene, washed with sodium bicarbonate 
solution, dried with sodium sulphate, and the benzene removed (diminished pressure) to yield 
a colourless syrup which crystallised spontaneously. The product (1-2 g.), after one 
recrystallisation from light petroleum (b. p. 60—80°), had m. p. 108°, [a]? + 136° in acetone 
(c, 0-5) (Found: C, 49-0; H, 6-1; OMe, 23-9; Cl, 9-7. C,,H,,;0,CIS requires C, 48-7; H, 
5-9; OMe, 23-6; Cl, 9-0%). 

3-p-Toluenesulphonyl 2:4: 6-Trimethyl Galactose——The above chloro-compound (1 g.), 
dissolved in 90% aqueous acetone (10 c.c.), was shaken for 50 hours with silver carbonate 
(5 g.). After filfration and evaporation at 40°/20 mm., a crystalline mass was obtained which 
was recrystallised from methyl alcohol, yielding 3-p-toluenesulphonyl 2 : 4 : 6-trimethyl galactose 
(0-7 g.), m. p. 138°, [a]? in chloroform (c, 0-53) + 30° —-> + 96° in 96 hours (Found: C, 
51-3; H, 6-6; OMe, 24-5. C,,H,,O,S requires C, 51-1; H, 6-4; OMe, 24-7%). 

Alkaline hydrolysis. In a typical experiment, 3-p-toluenesulphonyl 2: 4: 6-trimethyl 
galactose (2-5 g.) in methyl alcohol (60 c.c.) containing sodium (1-5 g.) was heated at 70° for 
20 hours. After the addition of water (5 c.c.), carbon dioxide was passed through the mixture 
for 1 hour, the precipitate filtered off, solvent removed under diminished pressure, and the 
product thoroughly extracted with boiling chloroform (1 1.). After removal of solvent, the 
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syrup (1-6 g.) was transferred to a small flask by means of ether, and finally distilled: (1) 
0-8 g., b. p. 95—105° (bath temp.) /0-05 mm.; (2) 0-2 g., b. p. 105—150°; (3) residue, 0-5 g. 
Fraction (1) was non-reducing until warmed with dilute acid, and had n}” 1-4553, [«]}” + 50° 
in water (c, 0-5) (Found: C, 50-4; H, 8-7; OMe, 52-3. Calc. for CygH.O,: C, 50-8; H, 8-5; 
OMe, 52°5%). Fraction (2) had nj” 1-4650 and was faintly reducing; the quantity was 
insufficient for detailed examination. Hydrolyses carried out as above for periods of 2, 5, 
and 8 hours afforded (a) 8, (b) 38, and (c) 42% of the theoretical yields of the tetramethyl 
compound respectively; (a) was slightly reducing and may have contained the free anhydro- 
compound, but the poor yield precluded further investigation ; the specific rotations of (b) and 
(c) were lower ([a]p + 30°) than for the case given above, a fact which was thought to point 
to the presence of gulose derivatives, but tetramethyl galactose anilide was isolated from (c) 
as well as from the product of 20 hours’ treatment as described below. 

Methylation, and the Isolation of Tetramethyl Galactopyranose Anilide.—The substance from 
the 20 hours’ treatment, having failed to crystallise, was subjected to two methylations by the 
Purdie method; the product (yield, quantitative) distilled completely at 95° (bath temp.) /0-05 
mm. and showed nl° 1-4473, [a]?” + 75° in water (c, 0-9) (Found: OMe, 60-6. Calc. for 
C,,H.,0, : OMe, 62-0%). 

After hydrolysis for 2 hours with 6% hydrochloric acid and neutralisation with silver 
carbonate, a portion of the reducing syrup so obtained (0-5 g.) was heated with aniline (0-4 g.) 
in alcohol (4 c.c.) for 4 hours at 100°. The crystalline anilide which separated on cooling was 
filtered off (0-4 g., m. p. 194°) and recrystallised once; m. p. 197°, unchanged on admixture 
with authentic tetramethyl galactopyranose anilide (Found: OMe, 40-0; N, 4:5. Calc. for 
CisH,;0;N : OMe, 39-8; N, 45%). The free sugar {0-1 g., [a]?° + 80° in water (c, 0-3)}, 
isolated from the mother-liquors by addition of hydrochloric acid and suitable treatment, was 
examined for the presence of gulose derivatives but none was found. 

Treatment of 3-p-Toluenesulphonyl 2:4: 6-Trimethyl Methylgalactoside with Sodium 
Methoxide.—Hydrolysis was carried out at 70° in a 5% solution of sodium methoxide, the 
product being isolated by dilution of the reaction mixture with 3 vols. of water, followed by 
extraction with chloroform. Hydrolysis for 12 or for 24 hours was unsuccessful, the original 
material being recovered unchanged. Treatment for 100 hours, however, gave rise to the 
original trimethyl methylgalactoside, m. p. 45—50°, [a]? + 106° in water. Yield 40% of the 
theoretical. 

Attempted Acid Hydrolysis—A typical experiment is described. 3-p-Toluenesulphonyl 
2:4: 6-trimethyl methylgalactoside (0-4 g.) was dissolved in alcohol (5 c.c.), water (10 c.c.) 
and concentrated sulphuric acid (0-6 c.c.) were added, and the mixture was heated under 
reflux for 24 hours at 100°. On cooling, crystallisation ensued, and unchanged material (0-25 
g.), m. p. 119°, was filtered off. After neutralisation of the mother-liquors with barium 
carbonate and evaporation to dryness, a further small quantity (0-05 g.) of unchanged material 
separated, but no reducing product was obtained. Similar results were obtained when the 
duration of the hydrolysis was 2, 3, 9, and 50 hours. Even on continuing the treatment for 
95 hours at 90° it was still possible to isolate some crystalline starting material, although 
decomposition had undoubtedly occurred, since the final syrup was brown and reducing. A 
control experiment on 2:4: 6-trimethyl methylgalactoside with 7% aqueous-alcoholic 
sulphuric acid under the same conditions showed that in this case hydrolysis was complete in 
less than 3 hours. 

Attempts to prepare 1 : 3-di-p-toluenesulphonyl 2: 4: 6-trimethyl galactose directly from 
2:4: 6-trimethyl «-d-galactose were unsuccessful, only the 3-p-toluenesulphonyl derivative 
being isolated in poor yield. 


Thanks are expressed to the Carnegie Trust for the award of a Teaching Fellowship to one 
of us (E. G. V. P.), and to the Earl of Moray Endowment and Imperial Chemical Industries 
Ltd. for grants. 
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300. The Amino-derivatives of Pentaerythritol. 
Part I. Preparation. 


By ALAN LITHERLAND and FREDERICK G. MANN. 


The tetramine C(CH,*NH,), has been prepared expeditiously by the interaction 
of C(CH,Br), and sodio-p-toluenesulphonamide, followed by acid hydrolysis of the 
condensation product. Various organic derivatives of this tetramine have been 
prepared, but only the methylation derivatives are now described. The tertiary 
amine C(CH,*NMe,), combines directly with only two molecules of methyl iodide, 
but the C(CH,*NMe,),(CH,-NMe,I), so obtained gives C(CH,*NMe,I), on being 
heated. 

The remainder of the paper deals with other products obtained in the above 
condensation, and in that of C(CH,Br),(CH,-OAc) with the sodio-amide. By these 
reactions the following amines have been isolated as salts: C(CH,*NH,),(CH,°OH) ; 
C(CH,°NH,),(CH,Cl) ; (NH,°CH,),C:[CH,],:NH ; NH:(CH,],:C:[CH,],;NH. The inter- 
relationships of these compounds have been investigated in detail. 


GOVAERT (Proc. Roy. Acad. Sci. Amsterdam, 1934, 37, 156) has shown that tetrakisbromo- 
methylmethane (I), when heated with alcoholic ammonia in sealed tubes, gives tetrakis- 
aminomethylmethane (III), of which he isolated various salts. Van Alphen (Rec. Trav. 
chim., 1938, 57, 265) repeated this preparation and isolated the tetramine as a liquid 
monohydrate. It is clear, however, that this method of preparation is unsatisfactory : 
the yield is low, and van Alphen states that the tetrabromide “‘ reacts with ammonia only 
with difficulty : the reaction mixture consists of highly condensed amines and only a small 
quantity of the tetramine can be isolated ’’; furthermore, the use of sealed tubes places a 
severe practical limit on the quantities of tetrabromide employed. 

Requiring moderately large quantities of this tetramine, we sought a simple method of 
preparation. When the tetrabromide (I) was heated at 210° for 10 hours with sodio-p- 
toluenesulphonamide, C,H,Me*SO,-NHNa, the chief product was tetrakis-p-toluenesulphon- 
amidomethylmethane (II), which on hydrolysis with 80% sulphuric acid gave the disulphate 
of the tetramine (III); this salt is soluble in concentrated sulphuric acid but almost in- 
soluble in dilute acid and in water, and can thus be readily isolated. Alternatively, the 
tetramine can be isolated from the crude hydrolysis product as the tetrapicrate, or the amine 
may be distilled in superheated steam and then isolated as the tetrahydrochloride. 

Govaert (loc. cit.) was unable to obtain the pure tetrahydrochloride, and states that 
this salt in hot aqueous solution loses ammonium chloride and ultimately gives the dihydro- 
chloride of the spiran (XIX). We find, however, that the tetrahydrochloride possesses 
great stability, and it was recovered unchanged after being submitted to the following 
processes: (a) evaporation of its aqueous solution for 36 hours, (5) boiling with hydro- 
chloric acid under reflux for 20 hours, (c) heating with concentrated hydrochloric acid in 
sealed tubes at 160° for 5 hours. We cannot therefore explain Govaert’s isolation of the 
spiro-diamine (XIX). 

A detailed crystallographic examination of various salts of the tetramine (III) is now 
being conducted by Mr. E. G. Cox. In view of the earlier controversy regarding the 
disposition of the central carbon valencies in pentaerythritol derivatives, it is of interest 
that even a preliminary examination of the tetrahydrochloride of the amine (III) establishes 
clearly the tetrahedral disposition of these valencies in this salt. 

The tetraminé (III) on treatment with methyl sulphate under the usual conditions gave 
tetrakisdimethylaminomethylmethane (IV), which was isolated as the tetrapicrate and tetra- 
hydrochloride. All attempts to combine this amine directly with 4 mols. of methyl iodide 
failed, however, and the product in every case was the bi-quaternary iodide (V). When 
this was heated to just above its m. p., however, vigorous effervescence occurred, and from 
the residue was isolated the quadri-quaternary iodide (V1). It is clear, therefore, that 
only under extreme conditions can the second pair of methyl iodide molecules be added to 
the dimethiodide (V). The reason for this is probably two-fold. If an attempt is made to 
construct a model of the quadrivalent organic cation of (VI) by using Stuart’s “‘ sphere of 
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action ’’ atomic models (Z. physikal. Chem., 1934, B, 27, 350), difficulty is experienced 
owing to lack of space-accommodation around the central carbon atom, and so there is 
probably a small but definite steric obstruction. Furthermore, it is possible that the octa- 
methyl molecule (IV) shows a progressive reluctance to the increase in its ionic charges 
by methyl iodide addition, i.e., the energy changes accompanying progressive addition of 
methyl iodide molecules may fall steadily from those of an exothermic reaction to those of 
a markedly endothermic reaction: hence, only when considerable energy is applied 
externally does the second pair of methyl iodide molecules combine to form the tetra- 
iodide (VI). 


C(CH,‘NH-SO,*Tol), —> C(CH,:NH,), ——-> C(CH,‘NMe,), 


(II.) (III.) (IV.) og 
poe ei C(CH,NMe,I), <——-—. C(CH,"NMe,) (CH,"NMegl). 
(VI.) (V.) 


C(CH,Br), HCI CH. 
(I.) (NH,°CH,),C-CH,-OH <———— (N Oy-CsH,ONH-CH,)sCC N-C,H,O- 
2 


(IX.) | (XIV.) 
ns. \, 
CH, 


(Fol'SOyNH-CH,),CC N°*SO,°Tol CN rn oa (NH,°CH,), 
H, z Rey (X.) H (XIII.) 


(VIL.) 
| I 
H, H,*NH°SO,°Tol 
(Tol‘SO,*-NBnz-CH,),' N-SO,‘Tol (Tol*SO,*NH-CH,), 
(VIII.) Hy (XI.) H,Cl je 


H,"NH, 
(NH,°CH,),C 
(XII.) H,Cl 





CH-NH-SO,-Tol CH-NBnz‘SO,-Tol 
(Tol’SOyNH-CH,),CC —» (TolSO,:NBnz-CH,),C 
CH H, 


t (XVI) : ina (XVIL.) 
2 2 


H. ° AB 
C(CH,Br),(CH,-OAc) HN C NH 
(XV.) no H H 
| CH, H, at (XIX. 
(XVIII) Tol-SOyNC 2 N'S0, Tol 
CH, H, 


(Bnz = CH,Ph; Tol = p-C,H,Me.) 


The preparation of the tetrasulphonamido-compound (II) always gave as a by-product 
a small quantity of N-p-toluenesulphonyl-3 : 3-bis-p-toluenesulphonamidomethyltrimethylene- 
imine (VII). The constitution of this compound is placed beyond doubt by its reactions, 
and in particular, by the fact that its sodium derivative when treated with excess of 
benzyl bromide gave only the dibenzyl derivative (VIII), in marked contrast to the 
behaviour of the isomeric trisulphonamido-compound (XVI) described below. The 
formation of the 4-membered ring in the compound (VII) was not unexpected, as Marckwald 
and co-workers (Ber., 1898, 31, 3264; 1899, 32, 2031) have shown that, when trimethylene 
dibromide is heated with #-toluenesulphonamide in the presence of sodium hydroxide, 
one product is N-f-toluenesulphonyltrimethyleneimine, CH,-[CH,],-N°SO,°C,H,. 

When the trisulphonamido-compound (VII) was heated with 70% sulphuric 
acid, opening of the ring accompanied hydrolysis of the toluenesulphonyl groups, and 
hydroxymethylirisaminomethylmethane (IX) was obtained; this was characterised by 
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benzoylation : excess of benzoyl chloride gave the tetrabenzoyl derivative, but o-nitrobenzoyl 
chloride under similar conditions gave only the hydroxymethyltris-o-nitrobenzamidomethyl- 
methane (X), m. p. 229°. This derivative at once distinguishes this triamine from the 
cyclic triamine (XIII) discussed later. 

When the trisulphonamido-compound (VII) was heated, however, with concentrated 
hydrochloric acid, opening of the ring occurred to give chloromethyliris-p-toluenesulphon- 
amidomethylmethane (XI), a reaction that was readily reversed by sodium hydroxide; 
further hydrolysis removed the toluenesulphonyl residues to give chloromethyltrisamino- 
methylmethane (XII). There is some evidence, however, that this triamine was also formed 
directly from (VII) without the intermediate formation of (XI). 

The chloro-triamine (XII), when subjected to steam distillation in alkaline solution, 
lost hydrogen chloride and thus by ring closure gave 3 : 3-bisaminomethyltrimethyleneimine 
(XIII), which has been identified as its trihydrochloride, tripicrate, and its tri-o-nitrobenzoyl 
derivative (XIV), m. p. 285°; furthermore, the triamine (XIII) in alkaline solution on 
treatment with excess of p-toluenesulphony]l chloride, gave the original trisulphonamido- 
compound (VII). When the compound (XIV) was hydrolysed with hydrochloric acid, 
however, the nitrobenzoyl groups were removed and ring fission occurred to give the 
monohydroxytriamine (IX). 

The opening and closing of the four-membered ring shown by the compounds (VII)— 
(XIV) are typical properties of trimethyleneimine derivatives. In general, it may 
be said that strong inorganic acids open the ring by direct addition, giving »-propylamine 
derivatives having the acid radical attached to the y-carbon atom (e.g.,-CH,"SO,H, —CH,C]): 
in acidic solution, the acid radical may be hydrolysed, giving the -CH,°OH group, which 
then does not readily undergo ring closure; in alkaline solution, particularly when steam 
distillation is also applied, the inorganic acid is readily split off, with production of the 
original four-membered ring. 

The tetrakisbromomethylmethane (I) used in the above experiments was prepared by 

the action of phosphorus tribromide on pentaerythritol (Backer and Schurink, Rec. Trav. 
chim., 1931, 50, 924). When it is prepared by the action of hydrobromic acid on penta- 
erythritol tetra-acetate (Perkin and Simonsen, J., 1905, 87, 860), some trisbromomethy]l- 
acetoxymethylmethane (XV) is always formed as a by-product. When this was heated 
with sodio-p-toluenesulphonamide at 180°, it gave two compounds : (i) 1-p-toluenesulphon- 
amido-2 : 2-bis-p-toluenesulphonamidomethylcyclopropane (XVI), isomeric with (VII), 
and the constitution of which was placed beyond doubt by its conversion into the éribenzyl 
derivative (XVII) ; (ii) NN’-di-p-toluenesulphonylbistrimethyleneimine-3 : 3'-spiran (XVIII). 
The fact that the latter compound does not also possess cyclopropane rings is clearly 
shown by its insolubility in hot aqueous sodium hydroxide solution: the presence of 
cyclopropane rings would entail acidic #-toluenesulphonamido-groups, which would 
confer upon (XVIII) the ready solubility in hot alkali characteristic of (II), (VII), and 
(XVI). 
When the trisulphonamido-compound (XVI) was hydrolysed with hydrochloric acid, 
and the product made alkaline and steam-distilled, ammonia and the spiran (XIX) were 
obtained. Fission of the cyclopropane ring by the acid had evidently been followed by 
closure to the four-membered ring during steam distillation, but the formation of the 
second ring to give the spirocyclic diamine was unexpected : it was clear, however, that the 
latter compound, which was obtained in low yield, was not the only amine produced in the 
above process. When the disulphonamido-compound (XVIII) was similarly hydrolysed, 
however, the spirocyclic diamine (XIX) was produced in higher yield and as the main 
product. 

Prof. E. C. Dodds has kindly tested the hydrochlorides of the tetramine (III) and the 
hydroxytriamine (IX) for physiological activity, but they had no effect on the blood 
pressure of cats, or on the isolated uterus. 

The general chemistry of the tetramine (III) is now being investigated, particularly 
with regard to its organic spirocyclic derivatives and its complex metallic salts. 
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EXPERIMENTAL. 


Sodio-p-toluenesulphonamide was prepared by pouring a hot solution of the sulphonamide 
(100 g.) in alcohol (300 c.c.) into cold alcoholic sodium ethoxide (from sodium, 16 g., and alcohol, 
350 c.c.). The mixture was rapidly cooled with stirring, and the sodio-amide collected, washed 
with alcohol, and dried; yield, 100 g., 88%. 

Tetrakisbromomethylmethane (I) was prepared by Backer and Schurink’s method (loc. cit.), 
but the crude product was more conveniently purified by washing it with water and alcohol, 
and then extracting the residue with boiling toluene (800 c.c. per 100 g. of pentaerythritol). 
The filtered extract deposited most of the tetrabromo-compound (I) on cooling, and the remainder 
was obtained by evaporation of the mother-liquor: the whole of the product was then 
recrystallised from alcohol. 

Tetrakis-p-toluenesulphonamidomethylmethane (II).—A mixture of the tetrabromo-compound 
(I) (25 g.) and the sodio-amide (50 g.) was thoroughly powdered, and then heated at 210—212° 
for 10 hours in a conical flask closed by a soda-lime tube. The yield of the final product was 
apparently unaffected if the heating was interrupted at night: it was, however, markedly 
decreased if the temperature moved beyond these limits. The crude product was ground with 
cold water, collected, washed again with water, drained, and finally extracted by boiling with 
acetic acid (100 c.c.) diluted with water (50c.c.). The insoluble residue was separated, washed 
with acetic acid, and then crystallised from acetic acid (500 c.c.) (charcoal). The tetrasulphon- 
amido-compound (II) separated as colourless crystals, m. p. 248°; yield, 15 g., 31% (Found : 
C, 53-1; H, 5-2; N, 7-8. C33;HyO,N,S, requires C, 52-9; H, 5-4; N, 75%). It was found 
inadvisable to heat more than the above quantities in one conical flask, otherwise uniform 
heating of the reaction mixture became difficult. 

The dilute acetic acid used for the extraction deposited on cooling the crude N-p-toluene- 
sulphonyl-3 : 3-bis-p-toluenesulphonamidomethylirimethyleneimine (VII). This was recrystallised 
first from dilute acetic acid (2 vols. acid : 1 vol. water) and then from amy] acetate (charcoal). 
The hot amyl acetate solution was allowed to cool to 60° with stirring, and the compound 
(VII) which had separated was then collected ; if the solution was cooled to room temperature, 
traces of the tetrasulphonamido-compound (II) also separated. The compound (VII) was finally 
obtained from alcohol as colourless crystals, m. p. 214°; yield, 3-5 g. (Found: C, 53-9; H, 5-0; 
N, 7:3; M, in boiling acetone, 630; M, in camphor, 528. C,,H;,0,N,S; requires C, 54-1; 
H, 5-4; N, 7-°3%; M,579). p-Toluenesulphonamide was isolated from the acetic acid mother- 


liquors. 
Hot aqueous sodium hydroxide solution dissolves both the compounds (II) and (VII), and 


deposits white crystals again on cooling. 

Hydrolysis of the Tetrasulphonamido-compound (I1).—(A) With sulphuricacid. The powdered 
sulphonamide (30 g.) was heated with 80% sulphuric acid (90 c.c.) at 200° for 2} hours. The 
tetramine (III) was isolated from this crude hydrolysis product by three methods. 

(i) As the disulphate. The solution was cooled and diluted with water (ca. 500 c.c.) and 
alcohol (250 c.c.), thus completing the precipitation of the disulphate, which was collected, and 
purified by dissolution in dilute sodium hydroxide solution, filtration, and reprecipitation with 
dilute sulphuric acid. It separated in colourless crystals, m. p. 303° (decomp.) (Found: C, 
18-4; H, 6-0; N, 16-9. C,H,,N,,2H,SO, requires C, 18-3; H, 6-1; N, 17-1%). 

(ii) As the tetrapicrate. The hydrolysis product was diluted with water and almost neutral- 
ised with sodium hydroxide. Sodium picrate solution was added until separation of the tetra- 
picrate was complete. This, when collected and washed with cold water, was sufficiently 
pure for the preparation of other salts. It was also purified by recrystallisation from hot water, 
separating as orange-yellow needles of the trihydrate,* m. p. 196—197° (decomp.) (Found : 
C, 31-8; H, 3-55; N, 20-45; loss on dehydration in a vacuum, 4-9. C;H,,N,,4C,H,;0,N;,3H,O 
requires C, 31-6; H, 3-1; N, 20-3; 3H,O, 4-9%. Found for the anhydrous picrate: C, 33-5; 
H, 3-1; N, 21-8. C;H,,.N,,4C,H,O,N; requires C, 33-2; H, 2-7; N, 21-4%). 

(iii) As the tetrahydrochloride. The hydrolysis product was made strongly alkaline and then 
distilled in steam heated to 140°. The distillate was acidified with hydrochloric acid and evapor- 
ated to dryness, the residue recrystallised from dilute hydrochloric acid (1:1 by vol.), and 
the tetrahydrochloride obtained as colourless crystals, which on rapid heating were apparently 


* Govaert (loc. cit.) by an error in calculation has described this trihydrate as the anhydrous sub- 
stance. He gives the values: Found: N, 19-38, 19-47; calculated for the anhydrous tetrapicrate 
of M, 1148; N, 19-51%. Actually M = 1048, and the calculated value for N is that given above. 











1592 Litherland and Mann: The Amino-derivatives of 


unaffected up to 300°, but on slow heating decomposed above ca. 260° (Found: C, 21-9; 
H, 7-2; N, 19-9. C;H,,N,,4HCI requires C, 21-6; H, 7-25; N, 20-1%). 

(B) With hydrochloric acid. The tetrasulphonamide (2 g.) was heated with concentrated 
hydrochloric acid (5 c.c.) ina sealed tube at 190° for 6hours. The product, which had undergone 
slight decomposition, was diluted with water, the solution filtered and evaporated to small 
bulk, and the crude tetrahydrochloride purified as before. This method of hydrolysis is clearly 
inferior to the sulphuric acid method. 

The tetrahydrochloride was also readily obtained by boiling an aqueous suspension of the 
disulphate with an equivalent quantity of barium chloride, and by decomposing the tetra- 
picrate with hydrochloric acid and extracting the free picricacid withamylalcohol. Thestability 
of the tetrahydrochloride is clearly shown by the following experiments, in all of which it 
was ultimately recovered unchanged: (a) An aqueous solution of the hydrochloride was 
evaporated on the water-bath for 36 hours, water being occasionally added to replace evaporation 
losses; the solution was finally taken to dryness, and the hydrochloride recrystallised as above 
(Found: C, 21-8; H, 7-0; N, 20-0%). (b) The hydrochloride was boiled with dilute hydro- 
chloric acid (1: 1 by vol.) for 8 hours and then isolated as in (a) (Found: C, 22-6; H, 7-3%). 
(c) This experiment was repeated with more dilute acid (1: 5) and 20 hours’ heating (Found : 
C, 22-1; H, 7:°3%). (d) The hydrochloride was heated with concentrated hydrochloric acid 
in a sealed tube at 160° for 5 hours and then isolated as before (Found: C, 22-0; H, 7-2%). 

Mr. E. G. Cox has kindly furnished the following preliminary report: ‘‘ The tetrahydro- 
chloride forms tetragonal bipyramidal combinations of m{110} with d{011}, usually of acicular 
habit. The unit cell, which contains two molecules of C(CH,*NH,Cl),, has dimensions a = 9-44, 
c = 6-53 a. (d, obs., 1-54 approx.; calc., 1-576 g./c.c.). The space group is P4,/m» (Cj,), and the 
central carbon atom in each molecule lies on a position of S, (tetragonal alternating) symmetry, 
in agreement with a tetrahedral disposition of its valencies.”’ 

The thermal decomposition of the pure tetrahydrochloride was investigated, the powdered 
salt being heated at 265—270° for 2—3 hours. Ammonium chloride was liberated. The residue 
was converted in turn into a picrate and then into a hydrochloride; the latter appeared to be a 
mixture of the hydrochlorides of the triamine (XIII) and the diamine (XIX), but the amount 
available was too small to allow either compound to be isolated in a pure state. 

Tetrvakisbenzamidomethylmethane, obtained in the usual manner and recrystallised from 
alcohol, formed colourless crystals, m. p. 276° (Found: C, 72-4; H, 5-7; N, 10-4. C,,H,,0O,N, 
requires C, 72-3; H, 5-9; N, 10-2%). 

Methylation of the Tetramine (III): Tetrakisdimethylaminomethylmethane (IV).—To ensure 
complete methylation, excess of both methyl sulphate (12 mols.) and sodium hydroxide (20 
mols.) was used. The solution obtained by adding the tetramine disulphate (20 g.) to 10% 
aqueous sodium hydroxide solution (250 c.c.) was chilled in ice, and methyl sulphate (30 c.c.) 
added in small quantities with shaking. The solution was again chilled, and 10% alkali (250 
c.c.) and methyl sulphate (40 c.c.) added as before. The solution was shaken mechanically for 2 
hours, and the octamethyl base isolated by either of the following methods. (1) The solution 
was made strongly alkaline and distilled in steam, in which the base was readily volatile; the 
distillate was acidified with hydrochloric acid, evaporated to dryness, and the powdered residue 
recrystallised by boiling with methyl] alcohol and adding concentrated hydrochloric acid drop by 
drop until a clear solution was obtained; on cooling, the tetrahydrochloride separated as colour- 
less crystals of the trihydrate (yield, 14 g., 52%), which lost water slowly over calcium chloride 
and rapidly over phosphoric oxide (Found: C, 35-45; H, 9-5; N, 12-9. C,3;H,.N,,4HC1,3H,O 
requires C, 35:1; H, 9-5; N, 12-6%. Found for the anhydrous material: C, 39-8; H, 9-1; 
N, 14-5. C,,;H 3,N,,4HCl requires C, 40-0; H, 9-3; N, 14-35%). Both the hydrated and the 
anhydrous material melted at 231°. (2) The solution was made weakly acidic and then run 
slowly with stirring into a saturated solution of excess of picric acid in aqueous alcohol (4 vols. 
of water: 1 vol. ofalcohol). The tetrapicrate which separated was collected, washed with water, 
and dried (Found: C, 37-9; H, 3-85; N, 19-4. C,,;H,.Ny,4C,H,O,N, requires C, 38-3; 
H, 3-8; N, 19-3%). The picrate was also converted into the tetrahydrochloride by the usual 
methods. 

Dimethiodide of (IV).—The finely powdered octamethy] tetrahydrochloride (8 g.) was shaken 
with 15% methyl-alcoholic potassium hydroxide solution (45 c.c.) until no unchanged hydro- 
chloride remained. Methyl iodide (40 c.c.) was added, and the mixture shaken for 6 hours. 
It was then filtered and the filtrate allowed to evaporate spontaneously. The residue was finally 
dried in a desiccator, powdered, and recrystallised twice from alcohol. The dimethiodide (V) 
separated as colourless leaflets, which when dried in a desiccator crumbled to a powder and may 
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therefore have originally contained loosely combined alcohol molecules; m. p. 149° (efferv.) 
(Found: C, 34-3; H, 7-5; N, 10-35; ionised I, 48-1. C,;H3,N,I, requires C, 34-1; H, 7-3; 
N, 10-6; I, 48-1%). A mixture of the pure dimethiodide (1-5 g.) and methyl iodide (25 c.c.) 
was boiled under reflux for 4 hours, and all the former was then recovered unchanged. 

Tetramethiodide of (1V).—-The powdered dimethiodide was heated in an oil-bath to 150— 
155°, i.e., just above its m. p. On melting, vigorous effervescence occurred, and a vapour 
having a pronounced amine-like odour was evolved. After about 30 minutes the effervescence 
had entirely subsided, and on cooling a sticky pale brown product remained. This was washed 
with cold methyl alcohol, which removed the sticky component and left a fine white powder. 
The latter was apparently insoluble in boiling methyl alcohol (unlike the dimethiodide). It 
was therefore boiled with much methyl alcohol, and water then added drop by drop until a clear 
solution was obtained; on cooling, fine white crystals of the dihydrate of the tetramethiodide 
(VI) separated. These slowly lost water on exposure to phosphoric oxide in a vacuum (Found : 
C, 23-9; H, 5-7; N, 6-7; ionised I, 59-5. C,,H,,N,1I,,2H,O requires C, 24-0; H, 5-7; N, 6-6; 
I, 59°8%. Found for the anhydrous salt: C, 24-6; H, 5-4; N, 6-7; I, 62-4. C,,H,,N,I, 
requires C, 25:1; H, 5-45; N, 6-9; I, 62-5%). The tetramethiodide is apparently unaffected 
by heating to 300°; it is freely soluble in water. 

Reactions of the Trisulphonamide (VII).—(1) Benzylation. A suspension of the powdered 
trisulphonamide (2 g.) in alcohol (100 c.c.) was added with stirring to a solution prepared from 
sodium (1 g.) in alcohol (50 c.c.). The clear solution so obtained rapidly gave a white deposit 
of the sodio-derivative; this (which was very readily hydrolysed by water) was collected, 
washed with alcohol and ether, and at once heated with benzyl bromide (1-4 c.c.) at 170° for 
1} hours. The cold product was washed with water and then alcohol, and finally recrystallised 
from alcohol (ca. 500 c.c.). The N-p-toluenesulphonyl-3 : 3-bis-p-toluenesulphonbenzylamido- 
methylivimethyleneimine (VIII) separated as colourless crystals, m. p. 181° (Found: C, 63-3; 
H, 5-5; N, 5-8. CyyH,,0,N,S, requires C, 63-5; H, 5-55; N, 56%). When this compound 
was hydrolysed with 70% sulphuric acid, the benzyl groups were split off and the ring opened, 
giving the hydroxy-triamine (IX) (see below). 

(2) Hydrolysis. (A) With sulphuric acid. The powdered trisulphonamide (VII) (15 g.) 
was heated with 70% sulphuric acid (45 c.c.) at 170° for 2} hours. The product was diluted, 
neutralised with sodium hydroxide, some sodium sulphate removed, and the filtrate added to 
excess of aqueous sodium picrate solution. The precipitated picrate was collected, and 
recrystallised from water, and the dihydrated tripicrate of hydroxymethylirisaminomethyl- 
methane (IX) obtained as deep yellow crystals, which lost water when placed in a vacuum over 
phosphoric oxide; m. p. 145° (decomp.) when placed in an oil-bath at 135° and rapidly heated 
(Found: N, 19-6; loss on dehydration, 4-4. C;H,,ON;,3C,H,0,N;,2H,O requires N, 19-6; 
2H,O, 4:2%. Found for anhydrous picrate: C, 33-8; H, 3-4; N, 20-8. C;H,,;ON;,3C,H,0,N, 
requires C, 33-7; H, 2-9; N, 20-5%). The same tripicrate was obtained when the crude 
hydrolysis product was made alkaline and distilled in steam at 140°, the distillate acidified with 
hydrochloric acid and evaporated to dryness, and the aqueous solution of the residue poured 
into sodium picrate solution. 

The trihydrochloride of the hydroxy-triamine (IX) was obtained from the picrate in the usual 
way, and also by steam distillation of the alkaline hydrolysis product; recrystallised from 
concentrated hydrochloric acid, it separated as colourless crystals, m. p. 298° (decomp.) (Found : 
C, 24-8; H, 7-6; N, 17-5; ionised Cl, 43-7. C;H,,ON,,3HCl requires C, 24-75; H, 7-4; N, 17-7; 
Cl, 43-99%). This compound is clearly differentiated from any possible hydrated form of the 
trihydrochloride of the cyclic amine (XIII) by the fact that it loses no water on exposure to 
phosphoric oxide in a vacuum, and by the formation of its o-nitrobenzoyl derivative (see below). 

The chloroplatinate separated in large crystals when concentrated solutions of the trihydro- 
chloride and of chloroplatinic acid were mixed and kept ; it decomposed when boiled with water, 
and was partly dehydrated in a vacuum, affording the dihydrate (Found: C, 8-0; H, 2-9; 
N, 5-6; Pt, 38-4. 2C,H,,ON,,3H,PtCl,,2H,O requires C, 7-8; H, 2-6; N, 5-5; Pt, 38-2%). 
The tetrabenzoyl derivative of (IX), prepared in the usual manner, was recrystallised from benzene 
and then from alcohol; m. p. 231—232° (Found : C, 71:9; H, 6-0; N, 7-7. C3,3H;,0,;N; requires 
C, 72-1; H, 5-7; N, 7-65%). The tri-o-nitrobenzoyl derivative was obtained even when excess 
of o-nitrobenzoyl chloride was employed; it was recrystallised from acetone, and had m. p. 
229° (Found: C, 53-6; H, 4-6; N, 14-6. C,,H,,0,)N, requires C, 53-8; H, 4-1; N, 14-5%). 

(B) With hydrochloric acid. The powdered trisulphonamide (2 g.) and concentrated hydro- 
chloric acid (5 c.c.) were heated in a sealed tube at 160—170° for 6 hours. The solid product 
was collected and washed with water; yield from 4 tubes, 8 g. Chloromethyltris-p-toluene- 
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sulphonamidomethylmethane (XI), thus obtained, was insoluble in most organic liquids, but was 
recrystallised from glycol monoethy] ether ; it separated as colourless crystals, m. p. 271—272° 
(slight decomp.) (Found: C, 50-8; H, 5-5; N, 6-9; Cl, 6-0. C,,H;,O,N,CIS, requires C, 
50-85; H, 5-2; N, 6-8; Cl, 58%). Since the trisulphonamide (VII) is unaffected by boiling 
dilute hydrochloric acid, and the monochloro-compound (XI) is unaffected by cold dilute 
sodium hydroxide, it is clear that (XI) cannot be a hydrochloride of (VII), and must have the 
constitution assigned. When the compound (XI) was boiled with dilute sodium hydroxide, 
hydrogen chloride was removed, and the trisulphonamide (VII) regenerated. The aqueous 
mother-liquor, from which the crude hydrolysis product separated, gave on distillation in steam 
at 140° a small quantity of the cyclic triamine (XIII). 

The trisulphonamide, similarly heated with 47% hydrobromic acid at 140° for 34 hours, 
gave the monobromo-compound corresponding to (XI); it was similarly recrystallised, and had 
m. p. 268° (Found: C, 47-4; H, 4-6; N, 6-3; Br, 12-4. C,,H,;,O,N,BrS, requires C, 47-4; 
H, 4-9; N, 6-4; Br, 12-2%). No other compound was obtained even when the heating was 
prolonged to 6 hours. 

When the powdered trisulphonamide (VII; 2 g.), concentrated hydrochloric acid (6 c.c.), 
and water (2 c.c.) were rapidly heated in a sealed tube to 200°, and kept at this temperature for 
7 hours, subsequent cooling gave a clear solution containing colourless needles. These, when 
collected, washed with alcohol, and twice recrystallised from concentrated hydrochloric acid, 
gave the trihydrochloride of chloromethyltrisaminomethylmethane (XII), m. p. 276° (decomp.) 
(Found: C, 23-5; H, 6-5; N, 15-9; ionised Cl, 41-0; total Cl, 54-1. C;H,,N,Cl,3HCl requires 
C, 23-0; H, 6-5; N, 16-1; ionised Cl, 40-8; total Cl, 54.4%). This compound gave the corre- 
sponding ¢tripicrate, which, when dried over phosphoric oxide, had m. p. 122° (Found: N, 
19-8; Cl, 4-0. C,;H,,N,Cl,3C,H,O,N, requires N, 20-0; Cl, 4-2%). 

The chloro-trisulphonamide (XI) is also similarly hydrolysed at 200°, but far less readily 
than the trisulphonamide (VII) itself; it is probable, therefore, that although hydrochloric acid 
at 165° gives chiefly the chloro-sulphonamide (XI), yet at 200° it first hydrolyses the p-toluene- 
sulphonyl groups, giving the cyclic triamine (XIII), which then undergoes ring fission to the 
chloro-triamine (XII). 

An aqueous solution of the trihydrochloride of the chloro-triamine (XII) was made alkaline 
and distilled in steam at 140°; the distillate was acidifted with hydrochloric acid and evaporated 
to dryness, and the residue once recrystallised from concentrated hydrochloric acid. The 
crude trihydrochloride of 3 : 3-bisaminomethylirimethyleneimine (XIII) so obtained was purified 
by conversion into the tripicrate, which on recrystallisation from water separated as a dihydrate, 
m. p. 212—213° (decomp., after losing water at ca. 140°) (Found: C, 33-0; H, 2-95; N, 20-2. 
C,H,,N;,3C,H,O,N;,2H,O requires C, 32-9; H, 3-1; N, 20-05%). The corresponding trihydro- 
chloride, regenerated from the pure tripicrate, recrystallised from concentrated hydrochloric 
acid, and dried over phosphoric oxide, had m. p. 272° (decomp.), depressed by admixture with 
the hydrochloride of the triamine (XII) (Found: C, 26-5; H, 7-4. C;H,,;N;,3HCl requires C, 
26-7; H, 7-1%). When this trihydrochloride was added to aqueous sodium hydroxide solution 
and then shaken with p-toluenesulphony] chloride, the trisulphonamide (VII) readily separated. 

The ¢ri-o-nitrobenzoyl derivative (XIV) of the amine (XIII), prepared in the usual way, 
was insoluble in most solvents; recrystallised from acetic acid, it had m. p. 285° (Found: 
C, 55-5; H, 4:1; N, 14-9. C,,H,,O,N, requires C, 55-5; H, 3-9; N, 14-95%). This derivative 
(1 g.) and concentrated hydrochloric acid (6 c.c.) were heated in a sealed tube at 140° for 34 
hours; the product was diluted with water, nitrobenzoic acid removed with ether, the aqueous 
solution evaporated to dryness, and the residue recrystallised from concentrated hydrochloric 
acid; it had m. p. 298° (decomp.), unchanged by admixture with the hydrochloride of the 
hydroxy-triamine (IX). Also, it now gave the tri-o-nitrobenzoyl derivative (X), m. p. 230°, 
unchanged by admixture with that described on p. 1593: the fission of the ring on hydrolysis 
of the derivative (XIV) was thus confirmed. 

Trisbromomethylacetoxymethylmethane (XV).—Tetra-acetylpentaerythritol (6 g.) (Perkin 
and Simonsen, Joc. cit.) and a 50% solution of hydrogen bromide in acetic acid (50 g., 35 c.c.) 
were heated in a sealed tube at 140° for 6 hours; the cold product was poured into much water, 
cooled, collected, dried, and recrystallised from petrol (b. p. 40—50°): yield, 7 g. (95%). This 
acetoxy-compound had m. p. 42—43°, and was sufficiently pure for the following work. 

Interaction with sodio-p-toluenesulphonamide. The powdered acetoxy-compound (XV) 
(20 g.) and the sodio-amide (41 g.) were thoroughly mixed and heated in a conical flask at 
180° for 7 hours. The crude product was ground with water, collected, dried, and dissolved 
in hot methyl alcohol (50 c.c.), and the solution set aside for 1 week. The crystals. which had 
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separated were then collected, and washed with methyl alcohol and water; they had 
m. p. 155—160°, being a mixture of the compounds (XVI) and (XVIII). This was powdered 
and extracted with boiling benzene (20c.c.); the insoluble residue was recrystallised from alcohol 
(charcoal), 1-p-toluenesulphonamido-2 : 2-bis-p-toluenesulphonamidomethylcyclopropane (XVI) 
being obtained as colourless crystals (1-7 g.), m. p. 171° (Found: C, 53-8; H, 5-3; N, 7-2; 
M,in camphor, 503. C,,H;,0,N,S, requires C, 54-0; H, 5-4; N, 7:3%; M,579). The benzene 
extract was evaporated to dryness, and the residue recrystallised from alcohol (300 c.c.) (char- 
coal) ; NN’-di-p-toluenesulphonylbistrimethyleneimine-3 : 3’-spiran (XVIII) separated as colour- 
less crystals (1-6 g.), m. p. 186°, insoluble in boiling dilute sodium hydroxide solution (Found : 
C, 56-2; H, 5-6; N, 7-0; M, in camphor, 384. C,,H,,0,N,S, requires C, 56-1; H, 5-5; 
N, 6-9; M, 406). The low yield of these substances is due primarily to the considerable 
decomposition accompanying the initial reaction. 

1-p- Toluenesulphonbenzylamido - 2 : 2 - bis - p-toluenesulphonbenzylamidomethylcyclopropane 
(XVII).—The powdered trisulphonamide (0-5 g.) was dissolved in a warm solution obtained by 
dissolving sodium (0-5 g.) in alcohol (10 c.c.), ether (200 c.c.) was added, and the mixture cooled, 
The sodio-derivative, which separated on scratching, was rapidly collected, and heated with 
benzyl bromide (0-5 g.) at 150° for lhour. The semi-solid cold product was washed thoroughly 
with water and alcohol and finally recrystallised from alcohol (50c.c.). The tribenzyl derivative 
separated as colourless crystals, m. p. 146° (Found: C, 66-6; H, 5-8; N, 4:9. C,H O,N;S; 
requires C, 66-6; H, 5-8; N, 5-0%). 

Hydrolysis of the Disulphonamide (XVIII).—This compound appeared to be completely 
decomposed when heated with 70% sulphuric acid, and only slightly hydrolysed when boiled 
with hydrochloric acid under reflux. A mixture of the disulphonamide (2 g.) and concentrated 
hydrochloric acid (5 c.c.) was therefore heated in a sealed tube at 140° for 6 hours. The product 
was made alkaline, and distilled in steam at 140°. The distillate was evaporated with hydro- 
chloric acid to dryness, and the residue recrystallised from ethyl alcohol containing a little 
methylalcohol; the dihydrochloride was further purified by conversion into the picrate, which 
after recrystallisation from water and drying in a vacuum proved to be the dipicrate of the 
spiran (XIX), m. p. 243° (decomp. with preliminary blackening) (Found: WN, 20-5. 
C;5H,,)N,,2C,H,O,N, requires N, 20-2%). The dipicrate was converted into the dihydrochloride, 
m. p. 275° (decomp.) (Found: N, 16-2. C;H,,N,,2HCl requires N, 16-3%). Consistent 
analyses for carbon could not be obtained with either of these two salts. 

The identity of these salts was confirmed by conversion into the di-o-nitrobenzoyl derivative 
of the diamine, which after recrystallisation from methyl alcohol had m. p. 218° (Found: C, 
56-7; H, 4:1; N, 14-2. C,,H,,O,N, requires C, 57-6; H, 4:0; N,14-:1%. Low carbon values 
were always obtained with this compound). When this product was hydrolysed with hydro- 
chloric acid in a sealed tube, the amine produced gave an o-nitrobenzoyl derivative of m. p. 
128—132°. The amount available was insufficient for identification, but by analogy with the 
behaviour of the compound (XIV), this new amine may have been the dihydroxy-diamine, 
C(CH,-OH),(CH,‘NH,).. 

Hydrolysis of the Trisulphonamide (XVI).—This was hydrolysed precisely as for the above 
disulphonamide. When the alkaline hydrolysis product was distilled in steam at 140°, much 
ammonia was at first evolved. The distillate which followed was evaporated to dryness with 
hydrochloric acid: the presence of the spirocyclic diamine (XIX) in this crude product was 
confirmed by isolation of its dihydrochloride and preparation of the di-o-nitrobenzoyl derivative 
(as above), but the yield was low. It is clear, however, that some l-amino-2 : 2-bisamino- 
methylcyclopropane is formed in the hydrolysis and is not entirely destroyed in the subsequent 
distillation and evaporation, since the crude hydrochloride, when shaken in alkaline solution 
with p-toluenesulphony] chloride, gave a very small quantity of the original trisulphonamide. 
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301. The Structure of (SNH), and its Derivatives. 
By M. H. M. ARNOLD. 


The compound (SNH),, formed-by reduction of sulphur nitride (S,N,), has been 
shown to have the structure (I; R =H). Compounds of the type (SNR),, where 
R = CH,"OAc, ~-CH,-O-CO-C,H,:NO,, and CO*NHPh, have been prepared, and the 
compound (SNCH,QO), further investigated. 


By the reduction of sulphur nitride, S,N,, with alcoholic stannous chloride, Wélbling (Z. 
anorg. Chem., 1908, 57, 281) obtained a compound of the composition SNH, which he did 
not investigate further. Meuwsen (Ber., 1929, 62, 1959) purified the substance and 
showed that its molecular weight corresponded to (SNH),. There are two probable 
structures: (I; R = H) and (II), the former of which has been suggested by the author 
on the basis of his structure for sulphur nitride (Arnold, Hugill, and Hutson, J., 1936, 


JNRS‘NRY N<SHNy 
a  Syrsnr7> SHQn—sH>n7o# say 


1645). The equivalence of the four hydrogen atoms is shown by the production of the 
compound (SNCH,O), (Meuwsen, Joc: cit.) with four molecules of formaldehyde. This 
has now been obtained pure for the first time, and has m. p. 173° (decomp.). Its 
formulation as an alcohol, (SN-CH,°OH),, follows from the formation of the ¢etra-acetate, 
m. p. 87-5°, and tetra-p-nitrobenzoate, m. p. 222° (decomp.). The two esters show the 
expected fourfold molecular weight. Reduction with sodium and alcohol does not give 
methylthiol, showing that there is no carbon-sulphur linkage. The compound can 
therefore be formulated as (I; R = CH,°OH) and the parent substance as (I; R = H). 

Further evidence for the equivalence of the four hydrogen atoms is furnished by the 
formation of the quadrimolecular phenylcarbamyl derivative, (SN-CO-NHPh),, m. p. 224° 
(decomp.), by the addition to (SNH), of phenyl ¢socyanate. On hydrolysis with hot 
hydrochloric acid, this compound yields s-diphenylurea, resulting from the action of the 
hot acid on phenylurea, presumably the primary product : 


[NHPh-CO-NS], —» NHPh-CO-NH, —> NHPh:CO-NHPh 


This reaction shows that the substituent group is attached to nitrogen. The imino- 
structure is also supported by the fact that (SNH), is soluble only in amyl alcohol 
(Wélbling, Joc. cit.), pyridine and piperidine (Meuwsen, Joc. cit.), and ethyl alcohol. A 
direct proof of the imino-structure could be obtained by the hydrolysis of an alkyl or acyl 
derivative, but all attempts to prepare such compounds have failed: there is either gross 
decomposition or no reaction at all. [The compound (SNEt),, which appears to have 
the structure (I; R = Et) (Meuwsen, Ber., 1931, 64, 2301), as it yields ethylamine on 
hydrolysis, was prepared by Lengfeld and Stieglitz (Ber., 1895, 28, 2742) by the action 
of ethylamine on sulphur dichloride.] An attempt to prepare a more complex derivative 
of (SNH), by treatment with sulphur monochloride gave a product, S,H,N,Cl,, decomp. 
170°, which was apparently a salt; as it could not be purified, it was not further 
investigated. 

Meuwsen (loc. cit., 1931) prefers the structure (II) for (SNH),, comparing it with 
sodium hydrogen sulphite in regard to the reaction with formaldehyde (see Bazlen, Ber., 
1927, 60, 1471) : 

NaSO,H + CH,O —> NaSO,°CH,’OH (NSH), + CH,O —> (NS-CH,°OH), 

It is clearly erroneous, however, to compare the reactions of a thiol and of a sulphonic 
acid, for the sulphur atoms have entirely different electronic configurations; the reaction 
is more reasonably considered as the normal first stage of that between an aldehyde and 
a secondary amine. 

In order to systematise the nomenclature of this series of compounds, the name 
“ eyclotetrathioimine ’’ is propgsed for (SNH),, from which the names of derivatives can 
be formed according to the ordinary rules. 
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EXPERIMENTAL. 


cycloTetrathioimine, (SNH),.—This compound was prepared according to Meuwsen (loc. 
cit., 1929), i.e., by reduction of sulphur nitride in benzene by stannous chloride; after being 
washed free from tin, the product was white (Meuwsen’s was brown), and after further washing 
with water, benzene, and ether, it was pure enough for most purposes. Dissolution in hot 
pyridine and reprecipitation with excess of benzene gave a yield of 49% (cf. 30%; 
Meuwsen, Joc. cit.). The yield is greatly reduced if the sulphur nitride contains sulphur, or if 
the benzene is replaced by carbon tetrachloride. (SNH), crystallises from acetone in 
colourless needles, decomp. ca. 125° to a yellow powder [Found: S, 67-9; N, 29-55; H; 2-2. 
Calc. for (SNH),: S, 68-1; N, 29-8; H, 2-1%]. W6lbling (/oc. cit.) reports coloration at 
80—100°, m. p. 152° (decomp.); Meuwsen (loc. cit., 1931) obtained a yellow colour at 100°, 
decomp. at 145°. 

Tetrakishydroxymethylcyclotetrathioimine, (SN*CH,°OH),.—This was prepared according to 
Meuwsen (loc. cit., 1931), and was recrystallised from alcohol, forming sheaves of needles, m. p. 
173° (decomp.) [Found: C, 15-3; H, 3-8; N, 18-0. Calc. for (CH,ONS),: C, 15-6; H, 3-9; 
N, 18:2%]. (Meuwsen found that the unpurified compound decomposed below 100°.) Although 
sparingly soluble in most organic solvents, it can also be recrystallised from ether or acetone. 

Acetyl derivative. 1 G. of acetyl chloride and 2 g. of potassium carbonate were added to 
0-8 g. of the foregoing compound in ethyl acetate, and the mixture warmed for 15 mins. on 
the water-bath, a vigorous reaction soon setting in. Inorganic matter was filtered off, ethyl 
acetate distilled, and the residue twice recrystallised from ether, forming fluffy rosettes (1-1 g., 
90%), m. p. 87-5° [Found: C, 30-5; H, 4:3; N, 11-95; M, ebullioscopic in ethyl acetate, 460. 
(C,H ,O,NS), requires C, 30-25; H, 4-2; N, 118%; M, 476). 

p-Nitrobenzoyl derivative. 1G. of (I; R = CH,°OH), 2-5 g. of p-nitrobenzoyl chloride, and 
2 ml. of benzene were heated together on the water-bath for 15 mins. The product was 
washed with hot benzene, dissolved in hot nitrobenzene, and precipitated from the cooled 
solution by excess of carbon tetrachloride. It was recrystallised from nitrobenzene-acetone, 
in which it is fairly soluble; creamy, shining plates, m. p. 222° (decomp.) [Found: C, 43-0; 
H, 3-2; N, 12-5; M, cryoscopic in nitrobenzene, 855, 875. (CgsH,O,N,S), requires C, 42-5; 
H, 2-6; N, 12-4%; M, 904], insoluble in all solvents except those mentioned above, 

Reaction between (SNH), and Phenyl isoCyanate.—6-7 G. of (I; R = H) and 17 g. of phenyl 
isocyanate were heated under reflux with 20 ml. of benzene for 4 hours, the mixture cooled, 
and the residue filtered off, washed with benzene, and recrystallised from acetone; yield, 10 g. 
(43%) of pale creamy needles, m. p. 224° (decomp.) [Found: N, 16-9, 16-8; M, ebullioscopic 
in acetone, 660, 685. (C,H,ON,S), requires N, 16-7%; M, 664], soluble in alcohol and 
acetone, but only sparingly soluble in carbon tetrachloride and benzene. 

Hydrolysis of product. The phenylcarbamyl compound (I; R = NHPh°CO) was dissolved 
in alcohol, and concentrated bydrochloric acid added to give a 10% solution; when this was 
boiled, sulphur dioxide was evolved and sulphur precipitated. The solution was filtered hot 
and neutralised with sodium carbonate, the precipitate being then dried and recrystallised 
from alcohol, affording colourless needles; m. p., and mixed m. p. with s.-diphenylurea (m. p. 
234°), 234°. 

Reaction between (SNH), and Sulphur Monochloride.—Excess of the chloride was added to 
a suspension of (SNH), in cold carbon tetrachloride. The mixture boiled at once and 
deposited a precipitate, which was filtered off, washed with carbon tetrachloride, carbon 
disulphide, and ether, and dried. The product was a pale yellow-brown powder, darkening 
ca. 140°, decomp. 170° (Found: H, 4:2; N, 18-5; S, 30-2; Cl, by diff., 47-1. H,N,S,Cl, 
requires H, 3-7; N, 19-1; S, 29-2; Cl, 48-0%). It was insoluble in all solvents except water 
and alcohol, and both these solutions rapidly darkened and deposited a black precipitate, so 
the compound could not be purified. Its solution in water, before darkening set in, gave silver 
chloride with silver nitrate, and no colour with ethyl nitrite. Its properties are similar to 
those of the compound N,§S,Cl, discovered by Demargay (Compt. rend., 1880, 91, 1066) and 
shown by the author (unpublished work) to be a salt. The structure NH(S-NH,,HCl),,HC1 is 
therefore tentatively suggested. 

Dyson PERRINS LABORATORY, UNIVERSITY OF OXFORD. [Received, July 21st, 1938.] 
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302. Studies in Dielectric Polarisation. Part XXIV. The Solvent 
Effect on the Dipole Moments of Some Amines. 


By Eric G. Cowley and JAMES R. PARTINGTON. 


The polarisations and moments of some amines in various solvents have been 
determined and the results considered in relation to the effect of the solvent. The 
variations observed between the measurements are small. Mention is made of the 
results obtained with certain other compounds which show a similar behaviour and 
a discussion of the influence of the solvent on these substances is given. 


MEASUREMENTS of the dipole moments of various compounds in solution and in the 
vapour state have shown that substances may be divided into three groups with respect 
to the influence of the solvent, according to whether the moments in solution are smaller 
than (negative solvent effect), larger than (positive solvent effect), or the same as those in 
the vapour state. The distinction between these classes depends mainly upon the shape 
of the polar molecule and the location of its dipole. (This classification omits those com- 
pounds which show specific behaviour in a particular solvent and others, such as dichloro- 
ethane, which possess an entirely different solvent dependence.) 

The compounds previously employed in this series of investigations belong to the 
class (1) (Cowley and Partington, J., 1936, 1184; 1937, 130; this vol., p. 977) and the 
work has now been extended to some amines, which are representative of the other types. 
The results, given in the table below, refer to determinations of the dipole moments of 
aniline and a- and $-naphthylamines at 20°, measured in the solvents used in the earlier 
work, carbon tetrachloride and carbon disulphide being excluded on account of their inter- 
actions with some amines. The values of the dielectric constant of the solvent, and the 
total polarisation at infinite dilution, P,,., the electronic polarisation, Pg, and the moment, 
» (in Debye units), of the solute are given. 

Amine. Solvent. eofsolvent. Py, c.c. Px, C.c. 
Aniline Hexane 1-90 77-0 30-6 
cycloHexane 2-02 77-4 30-6 
Benzene 2-28 80-0 30-6 
Toluene 2-38 79-5 30-6 
a-Naphthylamine cycloHexane 2-02 92-0 46-2 
Benzene 2-28 96-0 46-2 
Toluene 2-38 92-6 46-2 
fB-Naphthylamine Benzene 2-28 112-0 46-2 
Toluene 2-38 109-3 46-2 


The differences between the polarisations and moments of aniline in the various 
solvents are small but there is a tendency for the values to rise with increase of the 
dielectric constant of the solvent. These results may be compared with the dipole 
moment of aniline (at 25°) measured in hexane (1-50), benzene (1-54), and ether (1-67) 
(Higasi, Bull. Inst. Phys. Chem. Res. Tokyo, 1934, 18, 1167), and it is evident that the 
first two values are in good agreement with the present results. Recently, the moment 
of the vapour of aniline has been found, the result (1-48) being corrected for the atomic 
polarisation, assumed to be 5% of the electronic polarisation (Groves and Sugden, J., 
1937, 1782). From this figure, the total polarisation of aniline in the vapour state at 
20° is found to be 78-4 c.c., a value a little greater than the polarisations measured in 
hexane and cyclohexane and somewhat smaller than those in benzene and toluene 
solutions. The differences between the vapour and the solution moments of this compound 
are therefore slight. 

Small variations in the polarisation of «-naphthylamine in different solvents also 
occur, but in this case no value of the moment of the vapour is available. Similar results 
are found with $-naphthylamine, but the solubility of this compound was too small to 
permit of measurements in more than two solvents. Previous results for the moments 
of «- and $-naphthylamines in benzene at 22° are 1-44 and 1-74 respectively (Bergmann 
and Weizmann, Trans. Faraday Soc., 1936, 32, 1320), compared with the present values of 
1-53 and 1-76 in benzene at 20°. For each of the compounds here investigated, the moment 
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in toluene solutions was a little lower than that in benzene solutions. For aniline and 
a-naphthylamine these values lie out of the sequence of the other determinations, which 
show a slight increase in the moment as the dielectric constant of the solvent increases. 
The slightly polar properties of toluene may account for this behaviour. 

The majority of organic compounds possess a negative solvent effect and the variation 
of the polarisation of some substances belonging to this class has been previously con- 
sidered (Parts XX, XXI, and XXII, loc. cit.). The positive solvent effect is exhibited 
by a small number of compounds and the following table refers to some of the more 
notable examples, viz., some amines, ethers, alcohols and chloroform. The total 
polarisations of the substances are given, the values for the vapours having been 
calculated from the published data for the temperatures stated. 


Values of the total polarisation. 





Compound. Vapour result. Solution results.* 
Diethylamine 36 (25°) 2 49-4 (H., 25°) 2; 50-7 (B., 25°) 2 
Triethylamine 36 (25°) 2 45-3 (H., 25°) 2; 46-6 (B., 25°) 2 
Methy] alcohol 69-9 (20°) 3 (H., ; 70 (B., 20°) 4; 67-8 (B., 20°) 5; 60 (C., 20°) ¢ 
Ethyl alcohol 73-2 (20°) * 
n-Propyl alcohol 75-4 (20°) ° 
n-Butyl alcohol 78-5 (20°) & 83-1 (B., 20°) 5 
Dimethyl ether 48-6 (20°) 7 == 
Diethyl ether 52-6 (20°) ? 57 (H., 20°) 4; 58-5 (B., 20°) 4; 57 (C., 20°) 4 
Di-n-propyl ether 62-8 (20°) ? 62-0 (H., 20°) ® 
Di-n-butyl ether 71-8 (25°) ? 68-6 (H., 25°) ®; 74-5 (B., 25°) ® 
Diamy]l ether — 74-5 (H., 25°) ®; 78-6 (B., 25°) ® 
Chloroform 46 (20°) 1° 51 (H., 20°) 11; 52 (B., 20°) 14; 47-5 (C., 20°) 14 

* Solvents: H., hexane; B., benzene; C., carbon disulphide. 

1 Ghosh and Chatterjee, Physical Rev., 1931, 37, 427; * Higasi, Sci. Papers Inst. Phys. Chem. 
Res. Tokyo, 1937, $1, 311; * Kubo, ibid., 1935, 26, 242; ‘* Miiller and Mortier, Physikal. Z., 
1935, 86, 371; ° Wolf and Gross, Z. physikal. Chem., 1931, B, 14, 305; ® Kubo, Sci. Papers Inst. 
Phys. Chem. Res., Tokyo, 1935, 27, 65; % Groves and Sugden, J., 1937, 1779; *® Meyer and 
Biichner, Physikal. Z., 1932, 38, 390; ® Thomson, J., 1937, 1056; % Sanger, Physikal. Z., 1926, 


27, 556; 11 Miiller, ibid., 1933, 34, 689. 


These results illustrate several interesting points. In these examples, the differences 
between the polarisation values as measured in the vapour state and in solution are small, 
but none of the substances possesses a very large moment. Compounds with negative 
solvent effects often show a much greater influence of the solvent, and this is partly due 
to the greater moments which they frequently possess. Even with compounds of similar 
moments, however [e.g., bromobenzene, total polarisations at 20°, 97-6 (vapour), 86-0 
(hexane), 83-6 (benzene), 75-4 (carbon disulphide); J., 1937, 130], the variation is usually 
greater than is shown by the above substances. In the second place, the variations of 
polarisation observed with the change of dielectric constant of the medium are by no 
means so regular as for other substances. In particular, the values obtained from carbon 
disulphide solutions are lower than would be anticipated from the dielectric constant of 
the solvent, a result similar to that previously observed with compounds showing a 
negative solvent effect (cf. Higasi, Bull. Inst. Phys. Chem. Res. Tokyo, 1936, 15, 766). 
The trend of the results for the higher ethers appears to be somewhat irregular, the 
vapour polarisations of di-n-butyl ether lying between the polarisations found in solutions 
in hexane and benzene. This point is discussed below. 

The earlier empirical rules governing the solvent effect are applicable only to com- 
pounds possessing smaller moments in solution than in the vapour state. The first 
theoretical explanation of a positive solvent effect was given by Higasi (Bull. Inst. Phys. 
Chem. Res. Tokyo, 1934, 18, 1167; Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1936, 28, 
284), who showed that the sign of the solvent effect is the reverse of that of the Kerr 
constant, and only a few exceptions to this rule are known, ¢.g., methylene chloride 
(Higasi, loc. cit., p. 306) and dizsopropyl ketone (idem, ibid., 1937, 31, 317). The theories 
of Govinda Rau (Proc. Indian Acad. Sci., 1935, A, 1, 498) and of Frank (Proc. Roy. Soc., 
1935, A, 152, 171) also explain both positive and negative solvent effects. [For a fuller 
account, see Cowley and Partington, J., 1936, 1184.] 
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Examination of the molecular structures of the compounds under investigation gives 
an indication of the type of solvent effect which might be expected from a consideration 
of the foregoing theories. It has been established that the ammonia molecule is 
pyramidal, the nitrogen atom being situated at the apex of a flat tetrahedron. In this 


molecule the three H—N moments give a resultant which acts through the nitrogen 
nucleus and perpendicular to the plane of the three hydrogen atoms. The amines may 
be regarded as derived from ammonia by substitution of the hydrogen atoms by alkyl 
or aryl groups. Recent electron-diffraction experiments have shown that the C-N-C 
angle in trimethylamine is 108°+4° (Brockway and Jenkins, J. Amer. Chem. Soc., 1936, 
58, 2036), a range including the tetrahedral angle. In this molecule the angle between 
the dipole axis (which is also the axis of symmetry) and the N-C bonds is approximately 
70°, and so a positive solvent effect would be expected (Frank, Joc. cit.). It has been 
found that the moments of di- and tri-ethylamine in hexane and benzene are greater than 
those in the vapour state (Higasi, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1937, 31, 311), 
in'agreement with theoretical expectation. The axis of maximum polarisability of the 
trimethylamine molecule would lie in the plane containing the carbon atoms, the resultant 
moment acting through the nitrogen atom and perpendicular to this plane. 

The configuration of the nitrogen atom in aniline will presumably be similar, and the 
moment of this compound therefore acts approximately in the same direction as in the 
above molecule. The Kerr constant of aniline is negative (see, e.g., Briegleb and Wolf, 
Fortschr. Chem., 1931, 21, Part 3, p. 36), indicating that the direction of the dipole is 
inclined at a considerable angle to the axis of maximum polarisability in the molecule. 
Since this axis lies in the plane of the benzene ring in aniline, the angle between the 
direction of the dipole and the axis of maximum polarisability is about 70°, and so a 
positive solvent effect is anticipated (Frank, loc. cit.). As pointed out above, the 
polarisations of this compound in benzene and toluene are slightly greater than that of the 
vapour, whereas those measured in hexane and cyclohexane are somewhat smaller. . The 
effect of the solvent is small and is lower than might be expected from consideration of 
the moment and shape of the molecule. The influence of the solvent is far less marked 
than in the case of the ethylamines (Higasi, loc. cit.), which have smaller moments. Here the 
plane of maximum polarisability is in a somewhat different position relative to the dipole. 

It is evident that the theoretical formule of Higasi (loc. cit.) and Rau (loc. cit.) predict 
that for aniline the solvent effect should increase as the dielectric constant of the solvent 
increases, and that all the solution moments should be greater than the result for the 
vapour. Since the actual variation is not regular, moments calculated for aniline could 
not reproduce the experimental figures. The constants necessary for the calculation are 
not available, but a rough value of B in Higasi’s formula, estimated from the molecular 
shape, indicates a positive solvent effect of greater magnitude than that experimentally 
found. A somewhat similar variation of the total polarisation of di-n-butyl ether with 
the dielectric constant of the medium is observed, but the moments of di-n-propyl ether 
in the vapour state and in benzene are practically the same (see above table). The Kerr 
constant decreases from the dimethyl to the di-w-propyl member of this series, and so 
probably decreases in the higher compounds, although the constants for these substances 
are not available. Rotation of the more distant parts of the chain might influence the 
solvent effect slightly in the ethers, but in aromatic molecules like aniline this would not 
be possible. 

Naphthylamine molecules are similar in structure to those of aniline, but here the com- 
parison of the vapour with the solution results cannot be made. The moments of aniline 
and «-naphthylamine are equal under the same conditions (1-53 in benzene at 20°), thus 
showing the same relationship as is found for other phenyl and «-naphthyl compounds. 
The moment of §-naphthylamine under the same conditions is larger (1-76), a result also 
true for other similar compounds. The difference in moment between «- and £-chloro- 
naphthalenes has been attributed (Hampson and Weissberger, J., 1936, 393) to the 
polarising effect of the dipole upon the unsubstituted ring, and a similar explanation may 
possibly account for the difference observed with the present compounds. 





Studies in Dielectric Polarisation. Part XXIV. 


EXPERIMENTAL. 


The apparatus and method of calculation were as described in the previous papers. 

Preparation of Materials—The solvents used for these measurements were purified as 
described in Part XX (loc. cit.). : 

Amines. These compounds were obtained from Kahlbaum. Aniline was thrice frac- 
tionated through a long column under reduced pressure. The physical constants of the 
colourless distillate were: b. p. 77:0°/15 mm., D2 1-2017, n}” 1-5863, [Rz]P* 30-6 c.c. 
a-Naphthylamine was crystallised repeatedly from light petroleum, and obtained in colourless 
needles, m. p. 49:2°. §-Naphthylamine was crystallised several times from absolute alcohol, 
and formed colourless plates, m. p. 111-0°. 

Results ——The measurements relate to solutions of the amines in various solvents at 20°. 
The symbols are those used in previous papers in this series. 
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Solute: Aniline. 


Se 


0-000000 
0:011834 
0-023387 
0-034111 
0-043961 


Pr 


0-000000 
0-011505 
0-022418 
0-033231 
0-044604 


Pro 


D2. Py, C.C. 
In. hexane, 
0-6746 
0-6778 
0-6807 
1-980 0-6833 31-13 
2-004 0-6858 31-61 


= 77-0 c.c.; Pg = 30°6 c.c.; 
— Pp = 46-4 c.c.; p = 1-48. 


In benzene. 
0-8789 
0-8807 
0-8824 

2-403 0-8839 28-33 

2-445 0-8857 28-90 


= 80-0 c.c.; Pg = 30-6 c.c.; 
— Py = 49-4 .c.; p — 1-53. 


29-52 
30-08 
30-61 


1-902 
1-929 
1-955 


26-58 
27-19 
27-76 


2-281 
2-323 
2-363 


In cyclohexane. 


0-000000 
0-007751 
0-010560 
0-013406 
0-018588 


Pro 


200 


0-000000 
0-012579 
0-023489 


0-000000 
0-011379 
0-018432 
0-024679 
0-031397 


P.. = 112-0 c.c.; Pg = 46:2 c.c.; 


2-019 


0-7780 


27-42 


27-92 
28-10 


0-7809 
0-7820 
2-058 0-7830 28°27 
2-073 0-7850 28-60 
= 92-0 c.c.; Pp = 46-2 c.c.; 
— Py = 45-8 c.c.; p = 1-47. 


2-041 
2-050 


33-54 
34-28 
34-92 


0-8664 
0-8705 
0-8741 


2-383 
2-424 
2-459 


Py, C.c. 


Se 


0-000000 
0-011873 
0-024430 
0-035565 
0-045066 


Pro 


De. 

In cyclohexane. 
2-019 0-7781 
2-050 0-7801 
2-084 0°7822 

2-115 07841 29-18 

2-142 0-7859 29-65 


= 77-4 c.c.; Pg = 30-6 c.c.; 


Pye, CC. Po, CC. 


27-41 
27:99 
28-62 


Pon — Pa = 46-8 c.c.; p = 1-49. 


0-000000 
0-012169 
0-021681 
0-032635 
0-042466 


Pro 
Pre 


Solute : «-Naphthylamine. 


0-000000 
0-010760 
0-021168 
0-031277 
0-042378 


Pro 


In toluene. 
0-8664 
0-8679 
0-8690 

2-481 0-8706 34°97 

2-511 0-8719 35-40 


= 79-5 c.c.; Pg = 30-6 c.c.; 
— Pp = 48-9 c.c.; p = 1-52. 


33-54 
34-10 
34-61 


2-383 
2-420 
2-448 


In benzene. 


0-8789 


26-57 


2-280 
2-323 
2-366 


27-31 
28-03 


0-8829 
0-8869 
2-406 0-8906 28-70 
2-451 0-8946 29-46 


= 96-0 c.c.; Pg = 46-2 c.c.; 


P,. — Pr = 498 c.c.; p = 1°53. 


In toluene. 


92-6 
92-4 


0-034156 


0-046945 


35-55 
36-31 


2-494 
2-537 


0-8776 
0-8816 


Py. = 92-6 c.c.; Pg = 46-2 c.c.; Py. — Pr = 46-4 .c.; p = 1-48. 


Solute : B-Naphthylamine. 


In benzene. 
0-8790 
0-8834 
0-8861 
0-8884 
0-8909 


26-56 
27°53 
28-13 
28-66 
29-22 


2-280 
2-339 
2-376 
2-409 
2-444 


— Py = 65°8 c.c.; p = 1-76. 


111-5 


111-8 = 


111-4 
111-2 


0-000000 
0-011323 
0-015538 
0-019366 
0-023204 


Pro 


In toluene. 
0-8664 
0-8701 
0-8715 

2-463 0-8728 34-96 

2-480 0-8740 35-26 

= 109-3 c.c.; Pp = 46-2 c.c.; 


33-49 
34-35 
34-66 


2-380 
2-428 
2-446 


Poo — Pa = 63-1 c.c.; uw = 1°78, 
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303. Derivatives of 1:2:3:4-Tetrahydroxybenzene. Part V. The 
Synthesis of Parsley Apiole and Derivatives. 


By Witson BAKER and R. I. SAVAGE. 

The paper describes the synthesis for the first time of parsley apiole (2 : 5-di- 
methoxy-3 : 4-methylenedioxy-1l-allylbenzene) and its degradation products apiolic 
acid and apione. The synthesis was made possible by the discovery of a practical 
method for the preparation of pyrogallol methylene ether, and by application in the 
pyrogallol series of the method of converting a phenol into a quinol by oxidation 
with alkaline potassium persulphate, 


EARLIER papers of this series have described the preparation of a number of derivatives 
of 1:2:3:4-tetrahydroxybenzene, including the naturally occurring substances dill 
apiole (2 : 3-dimethoxy-4 : 5-methylenedioxy-1-allylbenzene) and 2 : 3 : 4 : 5-tetramethoxy- 
l-allylbenzene (Baker, Jukes, and Subrahmanyam, J., 1934, 1681). The present paper 
describes the complete synthesis of parsley apiole (2 : 5-dimethoxy-3 : 4-methylenedioxy- 
l-allylbenzene) (XIII) and a number of its more important derivatives, including parsley 
apiolic acid (X), and parsley apione (VIII). The successful outcome of the present work 
has depended, firstly, upon the application to derivatives of pyrogallol of that little-used 
reaction whereby a monohydric phenol with a free -position is converted into a derivative 
of quinol by oxidation with a persulphate in alkaline solution (see e.g., Elbs, J. pr. Chem., 
1893, 48, 179; D.R.-PP. 81068, 81297; Neubauer and Flatow, Z. physiol. Chem., 1907, 
52,375; Bargellini and Aureli, Atti R. Accad. Lincei, 1911, 20, ii, 118; Bargellini and Monti, 
Gazzetta, 1915, 45, i, 90; Bargellini, Gazzetta, 1916, 46, 249; Wessely and Demmer, Ber., 
1929, 62, 120; Hodgson and Beard, J., 1927, 2339), and secondly, upon the development 
of a satisfactory method for the preparation of pyrogallol methylene ether (2 : 3-methylene- 
dioxyphenol) (VI). Preliminary oxidation experiments were carried out in the pyrogallol 
dimethyl ether series rather than with the less accessible methylene ethers. 

Pyrogallol 1 : 2-dimethyl ether (I) was converted by oxidation in alkaline solution with 
potassium persulphate into 2 : 3-dimethoxyquinol (II), whose diacetate was shown to be 
identical with the product obtained by reduction and acetylation of 2 : 3-dimethoxy-f- 
benzoquinone (Baker and Smith, J., 1931, 2542). Methylation of (II) readily yielded 
1:2:3:4-tetramethoxybenzene. Oxidation of 2-hydroxy-3 : 4-dimethoxybenzoic acid 
([V) with alkaline persulphate gave 2 : 5-dihydroxy-3 : 4-dimethoxybenzoic acid (III). 
This acid loses carbon dioxide smoothly at 200°, forming 2 : 3-dimethoxyquinol (II), and 
on complete methylation gives 2 : 3 : 4 : 5-tetramethoxybenzoic acid, which has previously 
only been prepared from natural sources (see experimental section). 


OH CO,H CO,H 


Me OMe H 
Cet ? Oat nol Bh : st 
- OMe 


(I.) (II.) (III.) (IV.) 


The methylene analogue of (I), pyrogallol methylene ether (VI), was previously obtained 
in traces (0-1% yield) (Baker, Jukes, and Subrahmanyam, Joc. cit.) by the direct methylen- 
ation of pyrogallol with methylene bromide and potassium carbonate in acetone. The 
present method started with pyrogallolcarboxylic acid, which was converted into 2- 
hydroxy-3 : 4-methylenedioxybenzoic acid (V) by treatment with methylene sulphate and 
aqueous sodium hydroxide. Decarboxylation of this acid in quinoline solution with a 
“copper chromite ’’ catalyst readily yielded pyrogallol methylene ether (VI), which thus 
becomes a moderately accessible compound. Oxidation of (VI) with alkaline persulphate 
yielded methylenedioxyquinol (VII), best characterised as its diacetate. Methylation of 
(VII) with methyl sulphate gave methylenedioxyquinol dimethyl ether (VIII), m. p. 77°, 
which was proved by mixed melting-point determination to be identical with parsley 
apione prepared from apiole. The structure (VII) assigned to the oxidation product of 
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pyrogallol methylene ether is proved by the facts that its dimethyl ether is not identical 
with the isomeric dill apione (a liquid substance and the only alternative), 3 : 4-dimethoxy- 
1 : 2-methylenedioxybenzene, which has been synthesised by two unambiguous methods 
(Baker and Smith, Joc. cit.; Baker, Jukes, and Subrahmanyam, Joc. cit.), but is identical 
with parsley apione, a compound of known constitution. 


CO,H 
OH H OH OMe 
0 — O ue O —> Meok Jo 
én, —Cu, —CH, CH, 
(V.) tin (VI.) (VII.) (VIII.) 
~~ 

CO,H CO,H 

OH OMe 

HO\ 0 —* ~— MeOl_ JO 

H, CH, 

(IX.) (X.) 


A synthesis of apiolic acid (X) was readily effected by alkaline persulphate oxidation 
of 2-hydroxy-3 : 4-methylenedioxybenzoic acid (V) to 2 : 5-dihydroxy-3 : 4-methylenedioxy- 
benzoic acid (IX); methylation of this afforded (X), identified with natural parsley apiolic 
acid (mixed m. p.). Further, both the synthetical and the natural acid were converted 
into the same dibromoapione, 1 : 2-dibromo-3 : 6-dimethoxy-4 : 5-methylenedioxybenzene. 

The final synthesis of parsley apiole (XIII) followed naturally from the preceding 
experiments. Pyrogallol methylene ether (VI) was converted into 2 : 3-methylenedioxy- 
phenyl allyl ether by the action of allyl bromide and potassium carbonate in acetone, and 
this substance underwent molecular rearrangement on heating with production of 
2-hydroxy-3 : 4-methylenedioxy-1-allylbenzene (XI). The position of the allyl group in (XI) 
is established by its conversion into parsley apiole, as well as by other considerations. 
Oxidation of (XI) with potassium persulphate gave 2 : 5-dihydroxy-3 : 4-methylenedioxy- 
l-allylbenzene (XII) (uncharacterised), and when this compound was methylated it gave 
directly almost pure parsley apiole. The purified apiole, m. p. 28-5—29°, was shown to be 
identical with the natural product by means of a mixed melting-point determination, and 
also by a direct comparison of specimens of bromoapiole dibromide prepared from the 
synthetical and the natural apiole. 


CH,-CH:CH, CH,-CH:CH, CH,-CH:CH, 
OH H OMe 
0 sy H O —> ~~ MeO 0 
H, H, H, 
(XI.) (XII) (XIII.) 


This synthesis of parsley apiole and derivatives fully confirms the work of Ciamician 


and Silber (Ber., 1888, 21, 913, 1621, 2129; 1889, 22, 119, 2481; 1890, 23, 2283; 1891, 


24, 2608) and of Thoms (Ber., 1903, 36, 1714) on the structure of the natural product. 

A few other compounds prepared during the course of this work are described in the 
experimental section. The monobenzoylpyrogallol of Einhorn and Hollandt (Amnalen, 
1898, 301, 105) is proved to be the 1-O-benzoyl derivative because, when treated with 
methyl iodide and alkali or with diazomethane, it yields 2 : 3-dimethoxyphenyl benzoate. 
A considerably improved method for the preparation of pyrogallol 1-monomethyl ether 
by the oxidation of o-vanillin with hydrogen peroxide is described, and conflicting state- 
ments in the literature with regard to the related 2 : 3-dihydroxy-4-methoxybenzaldehyde 
are corrected. The following compounds have been prepared: 2-hydroxy-3 : 4-dimeth- 
oxybenzoic acid (improved preparation); 2-acetoxy-3 : 4-methylenedioxybenzoic acid; 
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5-bromo-2-hydroxy-3 : 4-methylenedioxybenzoic acid; 5-nitro-2-hydroxy-3 : 4-methylenedi- 
oxybenzoic acid; 4-methyldaphnetin methylene ether; 5(or 6)-nitro-4-methyldaphnetin di- 
methyl ether. 

EXPERIMENTAL, 


2-Hydroxy-3 : 4-dimethoxybenzoic Acid (IV).—The following ‘preparation is an improvement 
upon other methods. To a stirred mixture of pyrogallolcarboxylic acid (50 g.), methyl alcohol 
(50 c.c.), 10% sodium hydroxide (150 c.c.), and methyl sulphate (80 c.c.), 10% sodium hydroxide 
(450 c.c.) was added in a thin stream, and the solution was then heated on the water-bath 
for 1 hour, cooled, and acidified; after 1 hour, the product was collected, washed, and dried 
(yield 44 g.) (cf. Mauthner,; J. pr. Chem., 1914, 89, 304). Decarboxylation yielded pyrogallol 
1 ; 2-dimethyl ether (I) (Baker and Smith, Joc. cit.). 

Oxidation of Pyrogallol 1:2-Dimethyl Ether with Potassium Persulphate.—The ether (I) 
(5 g.), dissolved in a solution of sodium hydroxide (1-5 g.) in water (25 c.c.), was stirred during 
the addition (4 hour) from separate dropping funnels of (a) potassium persulphate (10 g.) in 
water (120 c.c.) and (b) sodium hydroxide (5 g.) in water (25 c.c.), added so that the solution 
remained alkaline. Considerable rise of temperature occurred, and after standing for 36 hours, 
the solution was made just acid to Congo-red, and unchanged pyrogallol 1 : 2-dimethyl ether 
removed by extracting it twice with ether. The solution was now acidified with concentrated 
hydrochloric acid (20 c.c.), heated to boiling, cooled, filtered, and extracted thrice with ether. 
After being dried and distilled, the extracts yielded crude 2 : 3-dimethoxyquinol (II) (ca. 1 g.) 
as a dark oil, which when methylated with methyl sulphate and alkali gave 1 : 2: 3 : 4-tetra- 
methoxybenzene, which separated from light petroleum (b. p. 60—80°) in slightly coloured 
prisms, m. p. 84—89° (0-8 g.). Recrystallisation gave the pure compound, m. p. 88—89°, 
not depressed on admixture with an authentic specimen of 1 : 2: 3: 4-tetramethoxybenzene of 
the same m. p. In another similar experiment the crude 2 : 3-dimethoxyquinol was refluxed 
for 4 hours with acetic anhydride (5 c.c.) and anhydrous sodium acetate, and poured into water. 
2 : 3-Dimethoxyquinol diacetate was obtained from light petroleum (b. p. 40—60°) as prisms, 
m. p. 54°, unaltered on admixture with an authentic specimen prepared by the method of Baker 
and Smith (loc. cit.). 

2 : 5-Dihydroxy-3 : 4-dimethoxybenzoic Acid (III).—2-Hydroxy-3 : 4-dimethoxybenzoic acid 
(IV) (24 g.) in a solution of sodium hydroxide (12 g.) in water (100 c.c.) was oxidised as in the 
preceding case by the addition of solutions of (a) potassium persulphate (40 g.) in water (480 
c.c.) and (6) sodium hydroxide (20 g.) in water (60 c.c.). The subsequent steps were carried 
out as before, the oxidised product being isolated by four extractions with ether and crystallised 
from hot water (charcoal). It was obtained as colourless needles (6-5 g.), m. p. 171° (Found : 
C, 50-5; H, 4:7. C,H,,O, requires C, 50-5; H, 4:7%). 2: 5-Dihydroxy-3 : 4-dimethoxy- 
benzoic acid gives a blue coloration with alcoholic ferric chloride. 

2 : 3-Dimethoxyquinol (I1).—2 : 5-Dihydroxy-3 : 4-dimethoxybenzoic acid (2 g.) was heated 
(oil-bath at 200°) until evolution of carbon dioxide ceased. The residue was distilled under 
diminished pressure, and solidified in the receiver as a very pale yellow mass, which separated 
from light petroleum (b. p. 40—60°) in colourless plates (1 g.), m. p. 84—85° (Found: C, 56-4; 
H, 6-0. Calc. forCgH,,0,: C, 56-4; H,5-9%). This product was identified as 2 : 3-dimethoxy- 
quinol by conversion into the diacetate, m. p. and mixed m. p. 54° (see above). 2: 3-Di- 
methoxyquinol was previously described by Baker and Smith (loc. cit.) as an oil. In aqueous 
solution it gives a reddish-brown coloration with ferric chloride and is oxidised to 2: 3- 
dimethoxy-p-benzoquinone. 

2:3:4:5-Tetramethoxybenzoic Acid.—Some difficulty was experienced in the complete 
methylation of 2: 5-dihydroxy-3 : 4-dimethoxybenzoic acid (III). The acid (III) (2 g.) ina 
little acetone was methylated in the usual manner by the alternate addition with shaking of 
potassium hydroxide (10 g.) in water (30 c.c.) and methyl sulphate (8 c.c.). The solution was 
heated on the water-bath for 4 hour, then cooled, diluted, acidified, and extracted with ether. 
The extracts yielded crude tetramethoxybenzoic acid, which solidified on scratching and after 
several crystallisations from light petroleum (b. p. 60—80°) had m. p. 81—82° and gave a weak 
blue ferric chloride reaction. It was accordingly remethylated under the same conditions as 
before, and then separated from light petroleum in long, colourless prisms, m. p. 87—88° 
(1 g.), which gave no ferric chloride reaction (Found: C, 54-9; H, 5-8; OMe, 49-0. Calc. for 
C,,H,,0O,: C, 54:5; H, 5-8; OMe, 51-2%). 2:3:4:5-Tetramethoxybenzoic acid, m. p. 
87-5°, has been previously obtained by oxidation of the naturally occurring 2: 3: 4: 5-tetra- 
methoxyallylbenzene (Thoms, Ber., 1908, 41,.2753; Bignami and Testoni, Gazzetia, 1900, 
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30, 245; see also Baker, Jukes, and Subrahmanyam, loc. cit.), and prepared from parsley apiole 
and fraxetin dimethyl ether (Wessely and Demmer, Ber., 1928, 61, 1279). 

2-Hydroxy-3 : 4-methylenedioxybenzoic Acid (V).—Many experiments were carried out in 
order to determine the best conditions for the preparation and isolation of this acid. 2:3: 4- 
Trihydroxybenzoic acid (pyrogallolcarboxylic acid) (80 g.) was dissolved in a solution of sodium 
hydroxide (80 g.) in water (700 c.c.) in an atmosphere of coal-gas, and, after cooling, acetone 
(100 c.c.) and methylene sulphate (80 g.) were added and the whole stirred at room temperature 
for 3 hours in coal-gas. The temperature was now raised slowly during 2 hours on a water- 
bath, which was finally allowed to boil. The resulting solution was cooled, acidified with excess 
of hydrochloric acid, and, after 12 hours, the solid product, which was partly crystalline and partly 
a hard tar, was collected, washed thoroughly with water, dried on the steam-bath, and powdered. 
The product, a brown powder (ca. 80 g.), was extracted twice with boiling ethyl acetate, the 
filtrates on distillation leaving a dark, crystalline residue. The solid was dissolved in boiling water 
with the addition of a 50% alcohol-acetic acid mixture and charcoal, the solution filtered, and 
evaporated under diminished pressure to remove the alcohol and some of the acetic acid and 
water. After standing for 12 bours, the 2-hydvoxy-3 : 4-methylenedioxybenzoic acid was collected, 
washed, and dried (yield 9—10g.). An alternative but tedious method of isolation is to extract 
the powdered reaction product mixed with sand in a Soxhlet apparatus with benzene; the 
acid thus obtained is slightly purer, but the yield is in general only 5—6 g. The substance 
crystallised from acetic acid and then from dilute alcohol in prismatic needles, m. p. 235° (with 
evolution of carbon dioxide) (Found, in material dried at 120°: C, 52-7; H, 3-4; equiv., 179. 
C,H,O, requires C, 52-8; H, 33%; equiv., 182). Its solution in dilute alcohol develops 
an intense violet coloration with ferric chloride. The acetyl derivative was prepared by 
boiling the acid (2 g.) with acetic anhydride (10 c.c.) and anhydrous sodium acetate (1 g.) 
for 6 hours. The solid obtained on addition of water was crystallised from benzene, and 
formed prismatic needles, m. p. 165° (Found: C, 53-6; H, 3-5. Cj H,O, requires C, 53-6; 
H, 3-6%). 

Pyrogallol Methylene Ether (V1).—2-Hydroxy-3 : 4-methylenedioxybenzoic acid (10 g.) 
in quinoline (40 c.c.) and a “‘ copper chromite ’”’ catalyst (2 g.; Adkins and Connor, J. Amer. 
Chem. Soc., 1931, 58, 1092) were heated in an oil-bath at 180° for 2 hours, steady evolution of 
carbon dioxide occurring. To the product were added water (100 c.c.), concentrated hydro- 
chloric acid (50 c.c.), sodium chloride (45 g.), and ether (100 c.c.), and, after being shaken, 
the whole was filtered, and the residue washed with a little ether. The ethereal layer was separ- 
ated, and the aqueous layer extracted twice with ether. The combined extracts were shaken 
with dilute hydrochloric acid, then with sodium bicarbonate solution, dried with sodium sul- 
phate, and distilled, leaving pyrogallol methylene ether as a pale brown oil (6 g.) which solidified 
completely on seeding. The bicarbonate solution yielded the unchanged acid (1 g.). The 
pyrogallol methylene ether was crystallised from light petroleum (b. p. 40—60°) and obtained 
in long prismatic needles, m. p. 65° (Found: C, 60-8; H, 4:4. Calc. for C,H,O,: C, 60-9; 
H, 4.4%); a mixed m. p. established its identity with the compound prepared by direct 
methylenation of pyrogallol (Baker, Jukes, and Subrahmanyam,, loc. cit.). 

Methylenedioxyquinol (VII).—Pyrogallol methylene ether (4 g.), in a solution of sodium 
hydroxide (1-5 g.) in water (20 c.c.), was stirred during the simultaneous addition (20 minutes) 
of (a) potassium persulphate (10 g.) in water (120 c.c.), and (b) sodium hydroxide (6 g.) in 
water (15 c.c.). After 36 hours the methylenedioxyquinol (0-9 g.) was isolated by the usual 
procedure as a brown, crystalline crust, and unchanged pyrogallol methylene ether (1-5 g.) 
was also obtained. Methylenedioxyquinol is difficult to crystallise, and the solutions darken 
owing to oxidation. It separates from xylene in minute needles, m. p. ca. 180° (some decomp.) 
(Found: C, 54-6; H, 3-9. C,H,O, requires C, 54:5; H, 3-9%). The diacetate, prepared by 
refluxing it for 6 hours with acetic anhydride and sodium acetate, and pouring the mixture 
into water, separated from light petroleum (b. p. 100—120°) in clusters of flat prisms, m. p. 
104° (Found: C, 55-4; H, 4-4. C,,H,.O, requires C, 55-4; H, 42%). 

Methylenedioxyquinol Dimethyl Ether (Parsley Apione) (VIII).—(A) Synthetical. Methylene- 
dioxyquinol, dissolved in a little methyl alcohol, was methylated in the usual way with methyl 
sulphate and aqueous potassium hydroxide, and the apione isolated from the alkaline liquid by 
steam-distillation. It solidified in the receiver, and was crystallised from light petroleum (b. p. 
40—60°), and then from very dilute alcohol, being obtained in thin prisms, m. p. 77—77-5° 
(Found: C, 59-2; H, 5-5. Calc. for C,H,,0,: C, 59-3; H, 5-5%). 

(B) From natural apiole. Apiole is most conveniently prepared by bromination of either 
apiolic acid or apiolic aldehyde (Fabinyi and Széki, Ber., 1917, 50, 1338) to dibromoapione 
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(below), and removal of the bromine atoms with sodium amalgam. To dibromoapione (0-8 g.) 
in alcohol (20 c.c.) were added excess 3% sodium amalgam and insufficient water to produce 
turbidity. The mixture was warmed gently, left overnight, and the apione which separated 
on dilution was crystallised from light petroleum (b. p. 40—60°) (cf. Ciamician and Silber, 
Ber., 1891, 24, 2608). It formed thin prisms, m. p. 77°, either alone or when mixed with the 
synthetical specimen. 

2 : 5-Dihydroxy-3 : 4-methylenedioxybenzoic Acid (IX).—2-Hydroxy-3 : 4-methylenedioxy- 
benzoic acid (6 g.) in a solution of sodium hydroxide (3 g.) in water (25 c.c.) was stirred during 
the addition (20 minutes) of (a) potassium persulphate (10 g.) in water (120 c.c.), and (b) sodium 
hydroxide (5 g.) in water (20 c.c.), the solutions being added so that the liquid remained alkaline. 
After 36 hours, the solution was made just acid to Congo-red, unchanged 2-hydroxy-3 : 4-methyl- 
enedioxybenzoic acid (3-1 g.) removed by filtration, and the filtrate shaken once with ether. 
The aqueous solution was now acidified with concentrated hydrochloric acid (20 c.c.), heated 
to boiling, cooled, extracted thrice with ether, and the extracts dried and distilled. The residue 
was triturated with a small quantity of water, collected, and crystallised from hot water. 2: 5- 
Dihydroxy-3 : 4-methylenedioxybenzoic acid (0-3 g.) was obtained in very pale yellow, microcrystal- 
line needles, m. p. 250° (decomp.) (Found: C, 48-2; H, 3-3. C,H,O, requires C, 48-5; H, 
31%). The acid gives a deep blue ferric chloride reaction. 

2 : 5-Dimethoxy-3 : 4-methylenedioxybenzoic Acid (Parsley Apiolic Acid) (X).—The preceding 
acid, dissolved in a little acetone, was shaken with a very large excess of methyl sulphate and 
aqueous potassium hydroxide, first at about 50° then at the b. p. The cooled, acidified solution 
deposited crude apiolic acid (m. p. 171°; no ferric chloride reaction), which was crystallised first 
from alcohol and then from water and obtained in colourless needles, m. p. 173° (Found: C, 
52-9; H, 4-4. Calc. for Cjg)H,,O,: C, 53-1; H, 4-4). A specimen of apiolic acid, obtained by 
degradation of parsley apiole (Ciamician and Silber, Ber., 1888, 21, 1624), was identical in 
appearance and m. p. with the synthetical acid; the mixed m. p. of the two specimens was 
also 173°, and both dissolved in warm concentrated sulphuric acid to yellow solutions, changing 
through green to blue. 

1 : 2-Dibromo-3 : 6-dimethoxy-4 : 5-methylenedioxybenzene (Dibromo Parsley Apione).—Syn- 
thetical parsley apiolic acid was warmed in acetic acid solution with excess of bromine, water 
added, and the solid dibromo-compound collected, washed, and recrystallised from alcohol. 
It formed needles, m. p. 97—98° (Found: C, 31:7; H, 2-5; Br, 44-0. Calc. for C,H,O,Br,: C, 
31-8; H, 2-4; Br, 47-1%). The same compound was similarly prepared from apiolic acid 
derived from natural apiole (Ciamician and Silber, Ber., 1888, 21, 2131); it melted at 97—98° 
either alone or when mixed with the synthetical specimen. 

2: 3-Methylenedioxyphenyl Allyl Ether—Pyrogallol methylene ether (9 g.), pure acetone 
(200 c.c.), allyl bromide (24 g.), and anhydrous potassium carbonate (40 g.) were refluxed for 
8 hours with constant stirring, and then allowed to distil almost to dryness. Water and a 
little sodium hydroxide were now added, and the allyl ether extracted with ether. It was 
obtained as a faintly yellow oil with a geranium-like odour, b. p. 139—140°/24 mm. (Found: 
C, 67-2; H, 5-7. Cy9H 4,0, requires C, 67-4; H, 56%). Yield 10 g. 

2-Hydroxy-3 : 4-methylenedioxy-1-allylbenzene (XI).—2 : 3-Methylenedioxypheny] allyl ether 
(8 g.) was heated in an oil-bath. At about 220° an exothermic reaction set in, as indicated by 
a rapid rise of temperature inside the flask (to 240°), and when no further feaction was apparent 
the bath was allowed to cool. The product was shaken with dilute sodium hydroxide and 


ether, the aqueous layer acidified, extracted with ether, and the extracts dried with sodium 


sulphate and distilled. 2-Hydroxy-3 : 4-methylenedioxy-1-allylbenzene (6-3 g.) distilled as a 
colourless oil, b. p. 155—156°/20 mm. (Found: C, 67-2; H, 5-6. C,9H,,O, requires C, 67-4; 
H, 5-6%). 

2 : 5-Dihydroxy-3 : 4-methylenedioxy-1-allylbenzene (XII).—2-Hydroxy-3 : 4-methylenedioxy- 
l-allylbenzene (XI) (3-5 g.) in a solution of sodium hydroxide (1-6 g.) in water (20 c.c.) was 
stirred during the addition (15 minutes) of solutions of (a) potassium persulphate (6 g.) in water 
(70 c.c.) and (b) sodium hydroxide (2-7 g.) in water (10 c.c.). The reaction mixture was worked 
up in the usual manner, and yielded unchanged starting material (1-3 g.; distilled) and 2: 5- 
dihydroxy-3 : 4-methylenedioxy-l-allylbenzene (XII) (0-14 g.) as a reddish oil which became 
crystalline on the addition of alittle water. The substance was extremely difficult to crystallise. 

Parsley Apiole (2: 5-Dimethoxy-3 : 4-methylenedioxy-1-allylbenzene) (XIII).—The foregoing 
crude substance (XII), dissolved in a little methyl alcohol, was treated with methyl sulphate 
(2 c.c.) and a solution of potassium hydroxide (2-5 g.) in water (5 c.c.) added in portions with 
shaking. The mixture was warmed, and finally heated under reflux on the water-bath for $ 
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hour; it was then diluted and steam-distilled till a clear distillate was obtained. The oily 
drops in the distillate solidified when seeded with natural apiole, and, after cooling in ice, the 
solid was collected, washed, and dried (yield 0-08 g.; m. p. 26—27°). The apiole was dissolved in 
alittle light petroleum (b. p. 40—60°) at about 25°, the solution decanted from a little flocculent 
material, cooled to 0°, and seeded. After some time the mother-liquor was decanted from the 
crystals, which were then washed twice with ice-cold light petroleum. The synthetical apiole 
was thus obtained as long, blunt-ended, prismatic needles, m. p. 28-5—29° (Found: C, 65-0; 
H, 6-6. Calc. for C,,H,,0,: C, 64-8; H, 6.4%). A specimen of natural apiole was crystallised 
as above, and was identical in appearance with the synthetical product; its m. p., either alone 
or when mixed with the synthetical specimen, was 28-5—29°. 

Bromeapiole Dibromide.—Both synthetical and natural apiole were converted into bromo- 
apiole dibromide by the action of excess bromine in carbon disulphide (Ginsberg, Ber., 1888, 
21, 2514). The synthetical material had m. p. 79°, undepressed when mixed with the specimen, 
m. p. 79—80°, prepared from natural apiole. Ginsberg records m. p. 88—89°, but after many 
recrystallisations from alcohol and light petroleum we have been unable to raise the m. p. 
above 80—80-5° (Found, in-the substance from natural apiole : Br, 52-4. Calc. for C,,H,,0,Br; : 
Br, 52-1%). 

1-O-Benzoylpyrogallol.—Following the directions of Einhorn and Hollandt (loc. cit.) for 
the benzoylation of pyrogallol with benzoyl chloride in pyridine, and also by varying the 
conditions, we have been able to obtain from 40 g. of pyrogallol only 14 g. of the pure recrystal- 
lised compound, m. p. 140°. These authors claim a very much higher yield of slightly crude 
material, but do not give the yield of the pure compound; they make no suggestion about the 
position of the benzoyl group. Monobenzoylpyrogallol is described by Zetzsche and Loosli 
(Annalen, 1925, 445, 296) as a “‘ white, insoluble powder without melting-point ’’; no reference 
is made to earlier work. The pure substance gives a green ferric chloride reaction in alcoholic 
solution, and the solution in aqueous sodium hydroxide rapidly darkens on exposure to the air. 

2: 3-Dimethoxyphenyl Benzoate-—(A) A mixture of 1-O-benzoylpyrogaliol (3 g.), acetone 
(30 c.c.), methyl iodide (20 c.c.), and anhydrous potassium carbonate (15 g.) was refluxed for 
40 minutes, diluted with water, and extracted with ether. The extracts were shaken with dilute 
sodium hydroxide, then with water, dried, and distilled, and the oily residue triturated with 
ether—light petroleum (b. p. 40—60°). After 12 hours, the sticky material was pressed on 
porous earthenware and recrystallised from light petroleum (b. p. 40—60°) by cooling the solution 
saturated at room temperature to 0°. 2: 3-Dimethoxyphenyl benzoate (0-6 g.) separated in 
stout rhombic prisms, m. p. 56° (Found: C, 69-9; H, 5:1. Calc. for C,,H,,0O,: C, 69-8; 
H, 5:-4%). The same substance was also produced in poor yield by the action of excess diazo- 
methane upon a methyl-alcoholic solution of monobenzoylpyrogallol. (B) Pyrogallol 1: 2- 
dimethyl ether was warmed in pyridine with benzoyl chloride (1 mol.), poured into dilute hydro- 
chloric acid, the solid collected and recrystallised as above, yielding prisms, m. p. 56° either 
alone or mixed with the specimen prepared by method (A) (cf. Herzig and Pollak, Monatsh., 
1904, 25, 515). 

Pyrogallol 1-Monomethyl Ether.—To a solution of o-vanillin (60 g.) in 2n-sodium hydroxide 
(200 c.c.) was added, from a tap-funnel in an atmosphere of coal-gas, 6% aqueous hydrogen 
peroxide (284 c.c.; 1-25 mols.) in several portions. After the solution had cooled, it was made 
faintly acid with sulphuric acid, then alkaline with a little sodium bicarbonate, saturated with 
sodium chloride, extracted 4 times with ether, the extracts dried with sodium sulphate, and 
distilled. Pyrogallol 1-monomethyl ether was obtained as a very pale yellow oil, b. p. 151°/24 
mm. (44-7 g:), which solidified on cooling, and then had m. p. 41—42° (cf. Baker, Montgomery, 
and Smith, J., 1932, 1282; Baker, Jukes, and Subrahmanyam, loc. cit., p. 1683). 

2 : 3-Dihydroxy-4-methoxybenzaldehyde.—The production of an aldehyde by application of 
the Gattermann synthesis to pyrogallol 1-monomethyl ether has been described by Mauthner 
(J. pr. Chem., 1936, 145, 316) and by Baker and Evans (this vol., p. 373). The first author 
recorded m. p. 118—119° for the substance and described it as 3: 4-dihydroxy-2-methoxy- 
benzaldehyde, but has now shown (private communication) that it is the 2: 3-dihydroxy- 
compound. The other authors correctly described the substance but recorded the erroneous 
m. p. of 69-5°. Repetition of the experiment has now confirmed the accuracy of the m. p. 
given by Mauthner. 

5-Bromo-2-hydroxy-3 : 4-methylenedioxybenzoic Acid.—A solution of 2-hydroxy-3 : 4-methyl- 
enedioxybenzoic acid (V) in acetic acid was warmed with excess of bromine for 5 minutes. The 
solid which separated on cooling was collected, and crystallised twice from acetic acid, It 
separated in flat, obliquely truncated prisms containing acetic acid of crystallisation which is 





1608 Hilditch and Meara:: The Seed Fat of the 


lost at 100°; m. p. 255° (decomp.) (Found, in material dried at 150°: Br, 30-8. C,H,O,Br 
requires Br, 30-7%). 

5 - Nitro-2-hydroxy -3:4-methylenedioxybenzoic Acid.—2 - Hydroxy - 3 : 4- methylenedioxy- 
benzoic acid (0-2 g.) was dissolved in boiling acetic acid (2-5 c.c.), and the solution evaporated 
to about half its bulk. A solution of concentrated nitric acid (d 1-42; 1-5 mols.) in an equal 
volume of acetic acid was now added drop by drop, and the mixture stirred and warmed to 
40°. The clear solution obtained after several minutes rapidly deposited a yellow solid, and 
after the addition of water (5 c.c.), the solid was collected, washed, and dried (yield 0-07 g.). 
After crystallising twice from glacial acetic acid, it formed very pale yellow crystalline aggre- 
gates, m. p. when rapidly heated 295° (decomp.) (Found: C, 42-3; H, 2-0; N, 5-9. C,H,;O,N 
requires C, 42-3; H, 2:2; N, 6-2%). The acid dissolves in aqueous sodium bicarbonate to a 
yellow solution, which turns to bright orange on the addition of sodium hydroxide. Its alcoholic 
solution gives a red coloration with ferric chloride. 

4-Methyldaphnetin Methylene Ether.—4-Methyldaphnetin (50 g.; von Pechmann and Duis- 
berg, Ber., 1883, 16, 2127) in 10% sodium hydroxide (500 c.c.) and acetone (100 c.c.) was stirred 
with methylene sulphate (35 g.) while the temperature was slowly raised to 70° (4 hours). The 
solution was diluted, cooled, and acidified, and, after standing, the solid was collected, washed 
with dilute sodium carbonate solution to remove unchanged starting material, boiled with water, 
collected, and dried. The methylene ether (4 g.) separates from light petroleum (b. p. 100—120°) 
or from alcohol in minute, pale yellow, almost regular triangular plates, m. p. 226° (Found : 
C, 64-4; H, 3-8. C,,H,O, requires C, 64:7; H, 3-9%). 

5(or 6)-Nitro-4-methyldaphnetin Dimethyl Ether.—4-Methyldaphnetin dimethyl ether (5 g.; 
Shakai and Cota, J. Pharm. Soc. Japan, 1935, 55, 691) was dissolved in acetic acid (5 c.c.), 
and fuming nitric acid (1-5 g.; d 1-5) added. The mixture was cautiously warmed, and, 
when the vigorous reaction had abated, was heated on the water-bath for $ hour, and poured 
into water. The solid ni#ro-compound was collected, and crystallised from light petroleum 
(b. p. 100—120°), in which it was very sparingly soluble, or methyl alcohol. It formed pale 
yellow needles, m. p. 138—139° (Found: C, 546; H, 4:1; N, 5-4.. C,sH,,O,N requires 
C, 54:3; H, 4:2; N, 53%). 


Tue Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 4th, 1938.] 





304. The Seed Fat of the Annual Nasturtium (Tropaeolum var.). 
By T. P. Hitpitcw and M. L. MEaRa. 


The seeds of the annual garden nasturtium resemble those of the perennial 
nasturtium, Tvopaeolum majus, of tropical regions, in containing about 7—8% of a 
fat, the fatty acids of which are mainly erucic acid (82%) with oleic acid (16%) and 
very small quantities of linoleic and saturated (palmitic and behenic) acids. The fat 
probably contains nearly 40% of the simple glyceride trierucin, which separates from 
it as solid crystals on standing at room temperature, and which can be separated from 
it in the pure state by crystallisation from solvents. The large proportions of erucic 
acid in the mixed fatty acids, and the comparatively simple composition of the 
remainder of the acids (almost wholly oleic), cause nasturtium-seed fat to be the most 
convenient source of erucic acid, when this is required for experimental purposes. 


GADAMER (Arch. Pharm., 1899, 237, 471) stated that the seed fat of the giant nasturtium, 
Tropaeolum majus, consists almost wholly of trierucin, and Sudborough, Watson, Ayyar, 
and Damle (J. Indian Inst. Sci., 1926, 9, A, 65) found that, whereas erucic acid formed 
by far the greater part of the mixed fatty acids, there were also present small quantities 
of unsaturated and saturated acids of lower molecular weight. These workers isolated 
35% of trierucin from the seed fat by crystallisation from light petroleum and converted 
it into the isomeric tribrassidin and also, by hydrogenation, into the fully-saturated 
tribehenin. These observations show that the fat from seeds of Tropaeolum majus is far 
richer in erucic acid than rape- or mustard-seed oils and similar seed fats of the 
Cruciferae (which contain 40—50% of erucic acid). It was therefore of interest to make 
a quantitative examination of the component acids of the seed fat of the ordinary garden 
nasturtium. 
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The various forms of the annual garden nasturtium are cultivated varieties derived 
apparently from T. minus or T. Lobbianum, but some authorities refer to the larger forms 
as varieties of T. majus, and it may be that the annual nature of the plant in this 
country is determined merely by its inability to withstand frost. The fat used in the 
present study was obtained from seeds from self-sown plants, originally of the dwarf 
double variety “‘ Golden Gleam,”’ which had mainly reverted to the ordinary single yellow 
and red flowered climbing types. 

The air-dried seeds yielded 7—8% of fat on extraction with light petroleum, This fat 
resembled that described by Gadamer and by Sudborough e¢ al. in its greenish colour, and in 
partly solidifying on keeping; the trierucin present in the liquid fat separated as a mass of 
crystalline needles. The fat had saponification equivalent 350-4, iodine value 75-1, acid value 
4-0, and it contained 1-8% of unsaponifiable matter (from which a sitosterol was isolated, the 
acetate of which melted at 116°). 

The fat (20 g.) was hydrolysed, and the mixed acids (freed from unsaponifiable matter) 
were converted into methyl esters, which were distilled under 0-1 mm. through an electrically- 
heated and packed fractionating column (Longenecker, J. Soc. Chem. Ind., 1937, 56, 199r), 
the following fractions being obtained. 


Fractional distillation of methyl esters of nasturtium seed mixed fatty acids. 


Fraction No. Wt., g. B. p. Sap. equiv. Tod. val. 
2-14 108—125° 300-9 85-7* 
. 334-5 77-9 
344-0 72-7 
. 349-6 72-0 
1-80 140—142 350-2 72-0 
6-07 Residue’ 352-5 71-6 


* Thiocyanogen value of fraction 1, 76-3. 


The acids from fraction 1 were oxidised with ice-cold dilute alkaline permanganate 
(Lapworth and Mottram, J., 1925, 127, 1628). The product was a mixture of a small quantity 
of saturated (mainly palmitic) acid with 9: 10-dihydroxystearic acid (m. p. 130°, mixed m. p. 
129—130°), the latter proving the presence of ordinary A®-oleic acid in the seed fat. 

The combined acids from fractions 4 and 5 readily yielded, on crystallisation from aqueous 
alcohol, pure erucic acid (m. p. 34-0°; mixed with erucic acid from rape-seed oil, m. p. 
33-7—34°). 

The acids from the residual esters (no. 6) were similarly oxidised, and furnished in good 
yield 13: 14-dihydroxybehenic acid (m. p. 129—130°) which, when mixed with the corres- 
ponding acid prepared from erucic acid of rape-seed oil, showed no depression in m. p. 

The components of each ester fraction were calculated from their analytical values, in 
accordance with the foregoing qualitative characterisation, as follows: Fraction 1, as palmitic, 
oleic, linoleic, and erucic esters; fraction 2, as oleic and erucic esters; fractions 3, 4, and 5, as 
erucic, oleic, and saturated (as behenic) esters; fraction 6, as erucic and behenic esters. The 
final composition of the mixed fatty acids was found to be approximately as follows : 


% (wt.). % (mol.). 
0-2 0-3 


Behenic 
Oleic 
Linoleic 


The main components of the fat are clearly erucic and oleic acids, the former constituting 
about 80% of the total fatty acids. If the glycerides are assembled on the lines almost 
invariably observed in seed fats, it is probable that the mixed glycerides present will contain 
for the most part two erucyl groups and one minor component acyl group; the fat will consist 
of over 50% of oleodierucin and nearly 40% of the simple glyceride trierucin. 

It has been mentioned that Sudborough e¢ al. (loc. cit.) recorded the isolation of 35% of 
trierucin by crystallisation from light petroleum. We also isolated the pure triglyceride by 
crystallisation from alcohol, benzene, and finally from alcohol at 0°; the trierucin melted at 
31-5—32°, the transition points of the vitreous and the a-form being 5° and 25° respectively. 
Its X-ray spectrum was also examined; a long spacing of 51-3 a. was obtained for the stable 
crystalline modification, the associated side spacings being 5-28, 4-60, 4-02, 3-84, and 3-70 a. 
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The following data have been obtained for synthetic trierucin (M. G. R. Carter, unpublished 
observation) : transition and melting points, 6°, 25°, 32-5°; X-ray long spacing, 51-1 4.; side 
spacings, 5-24, 4-60, 4-03, 3-84, 3-70a. This group of side spacings is characteristic of 
trierucin and has not been found to occur in any other saturated or unsaturated glyceride. 

The high content of erucic acid in seed fats of Tropaeolum species distinguishes them from 
any other seed fats yet investigated. Ordinary nasturtium seeds are, indeed, the most con- 
venient source of erucic acid, in consequence of the relatively small concurrent proportions of 
oleic or other acids; these are readily removed, either by direct crystallisation of the erucic 
acid, or, better, by distillation of the esters of the mixed acids. The first table shows that 
fractional distillation of about 20% of the esters of the mixed fatty acids leaves a residue 
consisting almost wholly of methyl erucate. The fat-content of the seeds is much less than 
that of rape or mustard seed, but the isolation of the 80% of erucic acid present therein is a 
simple process, compared with the much more difficult separation of the mixture, encountered 
in the Brassica seed fats, of erucic and oleic (or linoleic) acids in approximately equal 
proportions. 


We are indebted to Dr. T. Malkin, of the University of Bristol, who permitted us to use 
his X-ray spectrograph in the above investigation. 


THE UNIVERSITY, LIVERPOOL. [Received, September lst, 1938.} 





305. The Seed and Fruit-coat Fats of Neolitsea involucrata. 
By B. G. GuNDE and T. P. HILpitcu. 


The seed fat of Neolitsea involucrata, like those of several other tropical shrubs 
belonging to the family Lauraceae, is unusually rich in combined lauric acid and, 
consequently, trilaurin. Its component acids were found to be: m-decoic 3, lauric 
86, myristic 4, oleic 4, and linoleic 3% (by weight); it contained 87% of fully- 
saturated glycerides (including about 66% of trilaurin). The glyceride structure of 
the fat follows the usual rule of ‘‘ even distribution,’”’ i.e., maximum formation of 
mixed, in preference to simple, triglycerides. 

The fruit-coat fat, on the other hand, is typical in containing oleic and palmitic 
acids as major components. The component acids were found to be: lauric 10, 
palmitic 28, stearic 3, hexadecenoic 5, oleic 44, and linoleic 10% (by weight). 

Although the kernel fat is an excellent source of either lauric acid or trilaurin, 
the yields of either of these obtainable from the fat in the whole fruit (i.e., without 
‘‘ depericarping ’’—a difficult process in this case) would be reduced by about 20—25%. 


THE seed fats of a number of tropical plants belonging to the family Lauraceae have from 
time to time been reported to contain large amounts of the simple triglyceride trilaurin, 
and their saponfication equivalents indicate very high proportions of lauric acid in their 
total fatty acids. Most reports of this general nature have concerned members allied to 
the cinnamon group and belonging to Cinnamomum, Litsea, and related genera. In one 
instance only has a more detailed account been given of a seed fat of this nature : Puntam- 
bekar and Krishna (J. Indian Chem. Soc., 1933, 10, 395) state that the kernels of the Indian 
shrub Actinodaphne Hookert contain 75% of fat which melts at 43—44° and consists very 
largely of trilaurin, its component acids being 96% lauric and 4% oleic acid. The shell of 
these seeds contained 25%, of a liquid fat, the component acids of which were given as 33% 
lauric, 49% oleie, and 18% of other (including resin) acids. 

By the courtesy of Dr. R. Child (Director, Coconut Research Scheme, Ceylon), we have 
been able to examine the seed and fruit-coat fats of Neolitsea involucrata (Lamk.) Merr., 
a shrub indigenous to Ceylon, with fruits in the form of small kernels surrounded by a 
comparatively thin fleshy covering, the average weight of each berry being about 0-2 g. 
The native name of the plant is Dawul-kurundu, and it appears to be similar to, but not 
identical with, wild cinnamon (Cimnamomum sp.). ‘A preliminary examination of the 
kernels by Dr. Child gave data as to fat yields and characteristics which were confirmed by 
our own study, and indicated that the seed fat contained at least 60% of trilaurin. 
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The fruits supplied to us were composed of, on an average, 64% of kernel and 36% of 
fruit-coat. The kernels were carefully detached from the fleshy pericarp, and each 
part of the fruit was ground and extracted with light petroleum (b. p. 40—60°). The 
kernels contained 66% of a darkish cream-coloured fat, which was solid at room temper- 
ature and had the following characteristics: saponification equivalent 223-3, iodine value 
22-5, acid value 10-4, unsaponifiable matter 2-1% (with an iodine value of 175-6). The 
fruit-coat contained 27% of a fat which remained almost liquid at room temperature, with 
saponification equivalent 277-5, iodine value 69-0, acid value 162-0, unsaponifiable matter 
43% (with an iodine value of 111-4). Each fat was submitted to detailed analysis as 
described below. 

Component Acids and Glycerides of the Seed Fat.—Component acids. A portion (60 g.) 
of the fat was hydrolysed, and the mixed acids converted into methyl esters; the un- 
saponifiable matter present was not removed prior to esterification of the acids, and un- 
fortunately (as will be seen from Table I), part of it was evidently of approximately the 
same boiling point as methyl laurate and was present in the ester fractions rich in that 
ester. Table I shows the fractions obtained on distilling the mixed methyl esters at 
0-1 mm. pressure through an electrically-heated and packed fractionation column 
(Longenecker, J. Soc. Chem. Ind., 1937, 56, 1997). 


TABLE I, 


Fractional distillation of methyl esters of the seed fat mixed acids. 


Fraction No. Wt., g. B. p. Sap. equiv. Tod. val. 
1 2-08 65—67° 193-3 


0-81 
11-22 
9-25 
7-12 
2-58 
14-96 
2-29 


67—74 


85—110 


207°8 
216-6 
214-7 
214-2 
214-2 
215-6 
273-9 
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4-21 Residue 310-6 
54-52 


Certain of the individual ester fractions were examined as follows : . 

Fraction 1. mn-Decoic acid (m. p. 30°) was obtained by recrystallisation from 50% aqueous 
alcohol of the acids obtained by hydrolysis of the esters present. 

Fraction 3. <A portion (3-68 g.) gave on redistillation a distillate (2-41 g., b. p. 71—73°, 
sap. equiv. 217-1, iod. val. 8-4) and a residue (1-27 g., sap. equiv. 214-9, iod. val. 3-4). The 
acids from the hydrolysed distillate, after removal of unsaponifiable matter, had equiv. 201-0, 
iod. val. 0-4, from which it appeared that fraction 3 and the succeeding fractions consisted 
substantially of methyl laurate with small amounts of an unsaponifiable constituent of an 
unsaturated nature. 

Fractions 3—7. The fatty acids obtained during the determination of the equivalents of 
these fractions were combined, and crystallised from 70% alcohol; they then melted at 43-5° 
(unchanged when mixed with pure lauric acid). 

Fraction 8. The-acids present were oxidised with dilute ice-cold alkaline permanganate 
solution (Lapworth and Mottram, J., 1925, 127, 1628). Dihydroxystearic acid was not isolated 
satisfactorily from the products of oxidation, but the portion of the latter soluble in light 
petroleum yielded, on recrystallisation from 90% alcohol, acids which melted at 50-5°. This 
m. p. was not raised by further crystallisation, and it was therefore concluded that palmitic 
acid was not present in detectable amounts. ; 

Fraction 9. This residual fraction contained esters which, when freed from unsaponifiable 
matter, possessed sap. equiv. 285-3, iod. val. 105-7. 

The unsaturated acids present were identified, after as much lauric acid as possible had 
first been separated from the mixed acids of the whole fat by systematic crystallisation from 
70% alcohol. 10-8 G. of the mixed fatty acids yielded (a) 5-2 g., iod. val. 3-5, (b) 1-2 g., iod. 
val. 10-4, and (c) 4-4 g., iod. val. 18-1. The acids (5 g.) from (6) and (c) were oxidised in solution 
in dilute alkali at 0° by potassium permanganate, and the products of oxidation extracted with 
light petroleum to remove saturated acids. The products insoluble in light petroleum were 

5M 
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separated by hot water into an insoluble and a soluble portion. The former fraction yielded, on 
crystallisation from ethyl acetate, an acid which melted at 130-5° (unchanged when mixed with 
9 : 10-dihydroxystearic acid, m. p. 132°), and the latter fraction melted on recrystallisation at 
154—155° (no depression when mixed with 9: 10: 12: 13-tetrahydroxystearic acid, m. p. 
155°). The unsaturated acids present were therefore the usual A®-oleic and A® !*-linoleic acids. 


With the aid of the above qualitative data, and the equivalents and iodine values of 
the ester fractions in Table I, the proportions of the component acids (excluding unsaponi- 
fiable matter) were calculated to be those given in Table IT. 


TABLE II. 
Component acids of Neolitsea involucrata seed fat. 
% (wt.). % (mol.). 
3-0 3-6 


Myristic 
Oleic 
Linoleic 


Component glycerides. On oxidation in acetone solution with finely powdered potassium 
permanganate, the neutralised seed fat (82-7 g.) gave fully-saturated glycerides (70:8 g., 
sap. equiv. 212-2, acid value 0-85, iod. val. 0-3), from which it follows that the seed fat contained 
86-7% (wt.) or 88-7% (mol.) of fully-saturated glycerides. The mixed acids (freed from un- 
saponifiable matter) from the hydrolysis of 51 g. of the latter were converted into methyl esters 
and fractionally distilled (Table ITI). 


TABLE III. 


Fractional distillation of methyl esters of the fully-saturated glyceride mixed acids. 


Fraction No. Wt., g. B. p. _ Sap. equiv. Tod. val. 
1-47 54— 56° 187-5 

1-37 198-1 

3-95 210-8 

11-21 215-1 

8-84 214-0 

12-41 214-9 

3-99 216-4 

2-28 Residue 239-3 


45-52 


bx 
<) 


The acids present in fraction 1, after recrystallisation from 50% alcohol, melted at 30° 
(n-decoic), those from fractions 3—7, crystallised from 70% alcohol, at 44° (lauric), and those 
from the residue 8 (from 90% alcohol) at 50°; the last m. p. could not be raised by further crystal- 
lisation, which again points to the substantial absence of any saturated acid of higher molecular 
weight than myristic acid. 


The percentage proportions (wt.) of the component acids in the fully-saturated glycerides 
of Neolitsea seed-fat are therefore approximately as follows : -decoic 6, lauric 89, myristic 
5%. 

The above results indicate that about 87% (wt.) of the fat consists of fully-saturated 
components, and that 66% (wt.) or more is trilaurin, with up to 21% of dilaurodecoin, 
dilauromyristin, and possibly a little lauromyristodecoin. The remainder of the fat 
{about 13%) consists of mixed saturated—unsaturated glycerides in which the average 
“ association ratio ’’ of saturated to unsaturated acids is 12:1. The seed fat thus con- 
forms to the usual “ rule of even distribution ’’; owing to the very high content of lauric 
acid in the fat, a large proportion of this acid remains as trilaurin after mixed glycerides 
have been produced as far as possible by its association with the relatively small pro- 
portions of the other fatty acids present m the seed fat. 


Component Acids of the Fruit-coat Fat.—The fruit-coat fat (35:8 g.), which already contained 
a large proportion of free fatty acids, was hydrolysed, and as much unsaponifiable matter as 
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possible was removed by extraction with ether from the solution of potassium soaps before the 
latter were converted into fatty acids (32-8 g.). The lead salts of the mixed fatty acids were 
separated by crystallisation from alcohol into “‘ solid ’’ acids (from the alcohol-insoluble lead 
salts, 29-4%) and “‘ liquid ’”’ acids (from the alcohol-soluble lead salts, 70-6%). Each group of 
acids was converted into methy] esters and fractionally distilled at 0-1 mm. pressure as described 
(Table I) for the seed fat esters. The-fractionation data are given in Table IV. 


TABLE IV. 


Fractional distillation of methyl esters of the fruit-coat fat acids. 


Fraction No. Wt., g. B. p. Sap. equiv. Tod. val. 
(a) Methyl esters of ‘‘ solid” acids. 
2-71 106—140° 257-4 


3-67 140—141 271-3 
3-01 Residue 279-6 


9-39 

(b) Methyl esters of ‘‘ liquid ”’ acids. 
2-45 68—70° 213-9 
2-51 70—112 271-6 
3-83 112—116 295-0 
3-37 116—126 296-0 


3°27 126—128 296-2 
3-88 Residue 301-0 


19-31 


Examination of acids from individual ester-fractions. 


Fraction. Acids identified. 


Palmitic, m. p. 62° (crystallisation from 95% alcohol). 

Lauric, m. p. 44° (crystallisation from 70% alcohol). 

The saponification equivalent and iodine value of this fraction indicate the presence of 
methyl hexadecenoate. 

9: 10-Dihydroxystearic acid, m. p. 130°, and 9: 10: 12: 13-tetrahydroxystearic acid, m. p. 
153° (by oxidation with permanganate in alkaline solution; Lapworth and Mottram, 
loc. cit.), indicating the presence of A*-oleic and A®-12-linoleic acids. 

L6 The residual esters, freed from unsaponifiable matter, had sap. equiv. 298-7 and iod. val. 
83-4. 


From the data in Table IV, coupled with the qualitative examination of the various 
fatty acids, it is calculated that the component acids of the fruit-coat fat had the 
quantitative composition shown in Table V. 


TABLE V. 


Component acids of Neolitsea involucrata frutt-coat fat. 
“Solid” “Liquid” Component acids (excluding 
acids acids unsaponifiable), 
(29-4%). (70-68%). Total. % (wt.). °% (mol.). 
1-54 8-63 10-17 10-2 13-4 
4-60 28-14 28- 28-9 
— 3-12 P 2- 
4-59 4-59 , , 
42-24 * 43-44 43- 40- 
10-27 10-27 10- , 
0-27 0-27 


Since the amount of mixed acids studied was small, the final figures for their composition 
are of an approximate order. It is, however, clear that, in contrast to the seed fat, oleic 
and palmitic acids are the most prominent components, linoleic and lauric acids being also 
present, but to a less extent. It has been pointed out elsewhere (Hilditch, J. Soc. Chem. 
Ind., 1933, 52, 1697) that the major component acids of all fruit-coat fats yet studied are 
confined to palmitic, oleic, and linoleic acids, irrespective of whether the corresponding 
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seed fats contain the same mixture of acids or, as very frequently happens, specific fatty 
acids of widely varying character. This feature is equally well marked in the Neolitsea 
seed and fruit-coat fats, although in the latter it is notable that about 10% of lauric acid 
appears in addition to the usual fruit-coat fat major components. 

The seed fat of N. involucrata, like that of Actinodaphne Hooker: (loc. cit.) and some other 
species of Lauraceae, forms an excellent source of either lauric acid or trilaurin. The 
separation of the fruit-coat from the small kernels is, however, a very tedious operation, 
and would hardly be practicable if any quantity of the berries had to be handled. Extrac- 
tion of the fat from the fruit as a whole would lead, in consequence of the different nature of 
the fruit-coat fat, to a material the component acids of which would contain only about 
70% of lauric acid; whilst the fat itself would contain about 50% of trilaurin, a fair 
proportion of which might be obtained in the pure condition by crystallisation from 
acetone. 


THE UNIVERSITY, LIVERPOOL. [Received, September 1st, 1938.] 





306. Boiling Point and Chemical Constitution. Part II. A Method of 
calculating the Degree of Association at the Boiling Point. 


By V. C. E. Burnop. 


In Part I it was shown that the function (b) = M log T + 8-0\/M, where T is 
the absolute boiling point and M is the molecular weight, is additive for unassociated 
compounds, and the contributions to (b) of various atoms and structures were 
evaluated. 

This function is now used to calculate the boiling point, J’, which an associated 
compound should have in the unassociated state; and, following Walker’s generalis- 
ation that the molecular weights of related compounds vary approximately as the 
squares of their absolute boiling points, (7/T’)* is regarded as giving the degree of 
association. These values are recorded for several classes of compound. 


In Part I (this vol., p. 826) the quantity (b) = M log T + 8-0\/M, where M is the 
molecular weight and T the absolute boiling point, was shown to be additive for non- 
associated compounds. Since association results in a high boiling point, the value of (0) 
calculated for an associated liquid from the observed boiling point, 7.¢., (b), obs., is much 
higher than that calculated for a normal constitution, (b), calc. Differences of nearly 10 
units are found, in contrast to 1—2 units for non-associated compounds. 


Methods of calculating the degree of association depend on the use of equations 
connecting molecular weight and physical properties, but different methods give dis- 
cordant results (see Turner, “‘ Molecular Association ’’). Ramsay and Shields (J., 1893, 
63, 1089) introduced a factor x into their equation for molecular surface energy, and 
solution of y(Mxv)* = k(T, — T — 6) for x gave the degree of association. Since surface 
tension is a surface property only, x does not represent the condition of the bulk of the 
liquid. The method about to be described, however, ove results in fair agreement with 
those of Ramsay and Shields. 

The absolute boiling point, 7’, which an unassociated compound of known con- 
stitution should have may be calculated by means of the formula M log T’ + 8-0*\/M = 
(b), calc., and if the compound is associated, T > 7’. Walker (J., 1894, 65, 193) has 
shown that the molecular weights of related compounds vary approximately as the 
squares of their absolute boiling points, so (T/T’)* should give an estimate of the degree 
of association. The table on p. 1615 compares values of (JT/T’)? with the values of x given 
by Ramsay and Shields for temperatures at or near the boiling points. 

Hydrogen fluoride is of special interest. The values of (b) for methyl, ethyl, and 
propyl fluorides are 124-6, 169-8, 214-4, giving for F the values 68-7, 68-9, 68-5; mean 
68-7. Assuming that (6), calc., for hydrogen fluoride is 79-6, we obtain T’ = 157°. The 
observed boiling point is 292° K., hence the degree of association is 3-46. The vapour 
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density indicates degrees of association of 2-56 and 1-99, respectively, 7° and 12-6° above 
the boiling point, and on extrapolation these give 3-3 at the boiling point. 


Compound. (T/T’)?. #. Compound. (T/T’)*. *. 
Methyl alcohol 3°34 , Allyl alcohol 1-85 ‘l- 
Ethyl os 2-40 ; Formic acid 2-62 3- 
Propyl i 1-91 . Acetic 2-07 2- 
isoPropyl ,, 1-75 , Propionic ,, 1-81 1- 
Butyl 2 1-68 ° Butyric 1-64 1- 
isoButyl ,, 1-59 : Valeric 1-53 1- 
Amyl : 1-49 ° Propionitrile 1-45 1- 


For water, T’ is 144° k. (— 129°), leading to a value of 6-7 for the degree of 
association at 100°. Other methods give a lower figure; e¢.g., Ramsay and Shields give 
2-66, and Longinescu 4-7. Water is undoubtedly more associated than the alcohols, 
since it has a higher dipole moment ‘(1-85; cf. 1-64 for MeOH, 1-58 for EtOH), and the 
poles are not sheltered: the alkyl groups of the alcohols reduce intermolecular forces by 
screening the hydroxyl group, but in water the two hydrogen atoms afford no shelter. 
All methods of determination being considered, the degrees of association at the boiling 
point of methyl and ethyl alcohols are about 3 and 2 respectively, which indicate that 
for water a value of at least 4 is to be expected. 

The degrees of association at the boiling point of some alcohols, phenols, acids, 
amides, nitriles, and amines are given below: T is the observed absolute boiling point, 
and T’ that calculated for the simple molecule. 


n-Primary alcohols, C,Ho,4 ,OH. 
(b), obs. (b), calc. T. 7. Wer. nm. (b),obs. (b),cale. T. ‘T’. (T/T’)*. 
126-2 117-8 338° 185° 3°34 6 349-2 342-8 430° 370° 1-35 


171-5 162°8 352 227 2-40 394-1 387°8 449 395 1-29 
216-4 207-8 370 268 1-91 438-4 432-8 467 423 1-22 


7 
8 

261-0 252-8 391 302 1-68 9 483-2 477-8 485 446 1-18 
0 


305-2 297°8 337 1-49 1 528-0 522-8 467 


Secondary alcohols. 

(1) CyHon +1°CHMe-OH. 
268 1-75 5 392-5 
302 1-53 6 436-5 
337 1-35 7 481-3 
370 1-25 


(2) CyHon 41°CHEt-OH. 
337. s«1-33 4 391-9 
1-22 


Tertiary alcohols. 


Alcohol. (b), obs. (0), calc. T. T’. (T/T. 
258-0 252-8 356° = 302° 1:39 
390-0 387-8 414 395 1-10 
522-5 522-8 464 467 0-99 


Among isomeric alcohols, the primary has the highest and the tertiary the lowest 
degree of association. Alcohols containing one double bond are slightly less associated 
than the corresponding saturated compounds, and cyclic alcohols have approximately 
the same degree of association as the straight-chain secondary alcohols with the same 


number of carbon atoms. 


Butyl alcohols: T’ = 302°. n-Hexanols ;: T’ = 370°. n-Heptanols : T’ = 395°. 
Alcohol. tT. (T/T). Alcohol. T. (T/T). Alcohol. ZT. (T/T?. 
CH,Me-CH,°CH,°OH 391° = 1-68 1-Hexanol 1-35 1-29 
CHMe,’°CH,°OH ... 381 1-59 1-25 - 1-21 
CH,Me-CHMeOH 373 1-53 1-22 1-18 
CMe,-OH 356 1-39 eeosee 429 1-18 
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Unsaturated alcohols. 

Alcohol. (b), obs. (bd), calc. + a z. (T /T’)8. 
CH,-CH-CH,°OH 209-8 202-1 370° 272° 1-85 
CHMe:CH:’CH,°OH 247-1 391 306 1-64 
CH,:CH-CH,-CH,-OH ; a 386 1-60 
CH,:CH-CHMe-OH va 369s. 1-46 
CH,:CH-CH,CH,CH,-OH ; 292: 414 1-48 
CH,.-CH-CHEt-OH 387 1-30 
CHMe:CH*CHMe-OH . 385 1-29 
CH,:CH’CH,°CHMe-OH : 1-31 


Miscellaneous compounds. 


327-6 321-5 

Benzyl alcohol 372-5 366-5 
o-Cresol 371-4 i 
m- ;, ‘ ” 

293-8 

cycloHexanol ° 338-6 

cycloHeptanol , 384-4 

Glycol , 213-8 

Glycerol } 309-8 


n-Fatty acids, C,H,, ,,°CO,H. 


(b), obs. (b), calc. T. T’. (T/T’)* . (0), obs. (0), cal. T. TT’. (T/T’)* 
1727 1631 231° 2-62 397-4 388: 478° 397° 1-45 
2176 2081 391 272 207 442-1 4331 497 425 1:37 
262-7 2531 414 308 ~»# 1-81 486-7 4781 513 448 1-31 
3076 2981 437 341 1-64 531-1 523-1 527 469 1-26 
3525 3431 460 372 1:53 5756 5681 542 491 1-22 


For the isomeric acids C,H,*CO,H, (0), calc. is 343-1, T’ is 372°, and the other data 
are : 


WISOWwWNw WwW ds wy wow 
Hm GO = © OO 00 Go © GO 


Acid. (b), obs. T. (T/T’)?. Acid. (b),obs. T. (T/T’)?. 
CH,Et-CH,°CO,H ... 3525 460° 1:53 CHMeEt-CO,H 351-2 447° 1-43 
CH,Pr8-CO,H 3521 456 1:50 CMe,°CO,H 437 «1-38 


For benzoic acid, (b), obs. = 420-0, (6), calc. = 411-8, T = 522°, T’ = 444°, giving 
(7 /T’)? = 1-38. 

The Amides.—These compounds decompose to some extent when boiled under 
ordinary pressure, and the boiling points of the first four members of the aliphatic series 
are approximately the same, instead of rising regularly as with other homologous com- 
pounds. The degrees of association are high; (0), calc. is for R-CO*-NH,. 


Amide. (b), obs. (0), cale. T. 7. (T/T’)?. 
174-6 162-7 484° 262° 3-40 
220-6 207-7 495 300 2-73 
264-8 252-7 486 333 2-34 
297-7 489 366 1-79 


The Nitriles, C,Hy, .°CiN. 

(b), obs. (6), calc. T. 7. (tii. n. (b), obs. (6), calc. T. Zs. 6 Gir P. 
155-8 151-3 355° 275° . 7 424-7 421-3 478° 449° 1-12 
200-7 196-3 370 308 . 8 469-5 466-3 498 472 1-11 
245-4 241-3 391 339 9 514-5 511-3 517 493 1-09 
290-1 286-3 414 372 . HCN 108°5 106-3 299 248 1-46 
335-0 331-3 436 399 . PhCN 355-8 355-0 468 457 1-05 
379-8 376-3 457 427 . 


The Primary Amines.—These are more associated than the secondary and tertiary 
compounds (see Part I), again owing to the sheltering of the polar parts in the latter. 


Amine. T. rm. (rity. Amine. T. z’.. A(7rjTy. 
Methylamine 267° 224° 1-42 i 240° 206° 1-36 
Ethylamine 290 258 1-26 ili 457 417 1-20 
Propylamine 322 294 1-20 
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Some compounds containing the carbonyl group show peculiar abnormalities. The 
esters (see Part I) and the acid chlorides are normal, showing that (b) for the carbonyl 
group is the sum for carbon, oxygen, and the double bond. It was found (did.) that for 
aliphatic ketones (b) is 2-9 units lower than calculated, but for aromatic ketones it is too, 
high; and the aldehydes are similar. Since compounds containing oxygen tend to 
become associated, the low values are the more remarkable. 
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Acid chloride. (6), obs. = (b) cale. Acid chloride. (b), obs. —(b), calc. 


Acetyl 268-1 267-2 356-6 357-2 
Propionyl 312-7 312-2 401-5 402-2 


The Aldehydes, C,Hy,.,°CHO. 

(5), obs. (b), calc. Diff. n. (6), obs. (db), calc. 
106-1 112-1 6-0 4 289-9 292-1 
152-5 157-1 A: 5 334-8 337-1 
198-5 202-1 3- 6 380-3 382-1 
244-5 247-1 2- Ph:CHO 363-9 360-8 


The importance of the dipole moment in problems of intermolecular forces and the 
association of liquids has been stressed by Keesom, Debye, London, and others (e.g., 
London, Trans. Faraday Soc., 1937, 33, 8). Wolf explains association as entirely due to 
dipoles (Z. physikal. Chem., 1929, B, 2, 39), the molecules being held together by 
electrostatic forces, but there is spectroscopic evidence for the presence of hydrogen bonds 
in associated liquids. The molecules may be brought together by electrostatic attraction, 
and the formation of the hydrogen bond then follows. Association is favoured by a 
large dipole together with small dimensions (water and hydrogen fluoride) and by the 
presence of unsheltered poles. Dipole moment alone has little effect on boiling point and 
association; the cis-form of a disubstituted ethylene, for instance, does not always boil 
at a higher temperature than the trans-form. The small variations in boiling point of 
isomeric ethers, esters, etc., correspond to variations in intermolecular forces and hence in 
the dipole moment, but the four alcohols derived from u-heptane have identical dipole 
moments, whereas their boiling points vary over 20°. Of the three disubstituted benzene 
derivatives, however, that with the highest dipole moment has the highest boiling point, 
and is presumably the most associated. Some of the points mentioned are illustrated 
by the following tables. 


B.p.,°xK. Dipole moment, pD. 


B. p., °K. Dipole moment, p. 
ari. qrecianinaaaiom, 





Compound. cis-. trams-. cis-. _trans-. 


CHCICHBr... 358 348 1-55 — 
CHCIL-CHI 386 390 1-27 0-57 


Compound. cis-. trams-. cis-. —_‘trans-. 
CHCI:CHC! ... 333 321 1-85 0 
CHBr:CHBr ... 385 381 1-35 0 
CHI:CHI 461 464 0-75 0 


Dipole moment, p. 


Tolyl methyl ether 
Dichlorobenzene 


Nitrotoluene 


Dinitrobenzene 


Toluidine 


B. p., ° K. 





m-. 
412 
450 
445 
504 
576 
476 


p-- 
41l 
450 
446 
61l 
572 
473 


A. 





7 


m-,. 


ous bee @ GOOD =O @ 
WASDHSS! 


Chlorophenol 487 490 


The boiling points and degrees of association of the disubstituted benzene compounds 
C,H,RX, where R is a non-associating group and X an associating group (OH, NHg, or 
CO,H), are readily explained. The degree of association is nearly the same for m- and 
p-compounds, but less for o-compounds, where R has more effect; R exerts its greatest 
effect when X is a carboxyl group. The influence of the size of R is seen in the small 
degrees of association of the o-chloro-, o-bromo-, and o-phenyl-phenols, and the more 
effective sheltering afforded by the tsopropyl than by the n-propyl group is also apparent. 
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Substituted phenols, C,H,(OH)R. 


R= (b),obs. (b),cal TT. T%. (T/T%* R= (b),obs. (b),cal T. T%. (T/T? 
o-Cl 431-4 431-6 449° 451° 1-00 o-Pr8 «457-9 = «456-5 = 477° «465° — 1-05 
m-Cl 435-8 ns 487, 1-18 m-Pre ‘ ee 1 en 
p-Cl 436-2 - 490, 1-19 -Pr8 460-9 re 502—Ci, 1-16 
o-Br 666-9 5656 467 459 1-03 o-Bu 5041 5015 508 487 41-08 
m-Br 573-8 ss 510i, 1-22 m-Bu 505-8 fs ieee 1-14 
p-Br 574-0 to 511, 1-22 ~-Bu 5505-8 i 521i, 1-14 
o-Me 3714 3665 465 420 1-23 o-Ph 570-1 570-2 548 6548 1-00 
m-Me 372-2 “ 476i, 1-28 m-Ph 574-0 . 575, 1-10 
~-Me 372-0 7 475i, 1-28 ~-Ph ‘574-9 z aia 1-12 
o-Et 4157 4115 480 443 1-18 o-OMe 422-7 4175 478 434 1-21 
m-Et 416-5 " 487, 1-21 m-OMe 427°1 ja 516, 1-41 
p-Et 417-1 fe 492, 1-34 p-OMe 427-2 Z 517, 1-42 
o-Pr® 459-6 «= «456-5 «= «493 465 ~—Ssd:- 12 

m-Pr® 460-8 A le 1-16 

p-Pre 461-3 vi 505i, 1-18 


Substituted antlines, CSH,R-NHg. 
o-Me 369-1 366-1 473 443 1-09 o-Cl 432°3 431-2 482 473 1-04 
m-Me 370-3 ss 476 Pa 1-11 m-Cl 434-7 a 503 os 1-13 
p-Me 369-1 0 473 * 1-09 p-Cl 434-8 » 504 » 1-13 
Substituted benzoic acids, CgH,R°CO,H. 
o-Me 464-2 456-8 532 469 1-29 o-Et 507-1 501-8 532 491 1-18 


m-Me 464-7 os 536 oe 1-31 o-Pr 551-4 546-8 6546 5il 1-14 
p-Me 466-0 - 548 “a 1-37 o-Ph 665-2 660-6 616 583 1-12 
IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, August 6th, 1938.) 





307. The Mobility of Groups in 4-Chloro-2-nitrodiphenylsulphones. 
By James D. Loupon and NATHAN SHULMAN. 


Further instances are recorded of the different preferential replacements effected 
by various reagents in reaction with compounds of type (I), and it is found that 
such replacements are largely independent of the nature of the group R. A note 
is appended on the preparation of sulphonyl chlorides by the action of chlorine on 
disulphides and on compounds having the character of acylated thiols. 


It has previously been recorded (Loudon and Robson, J., 1937, 242) that each of the 
three substituent groups in the benzene nucleus of (I, R = p-tolyl) is mobile and may 
be replaced in preference to the other two by the action of specific reagents. Apparently 
the relative reaction speeds at the three reactive centres are subject. to wide variation 
consequent upon a change of reagent and, in a favourable case, the simultaneous forma- 
tion of all three possible products may be anticipated. This has in fact been demonstrated 
for the reaction between (I) and piperidine: the production of (II) and (III) has already 
been noted (loc. cit.) and we have now isolated small quantities of (IV). A similar case is 
probably provided by the interaction of (I) with sodium methoxide (and ethoxide): (V) 
and (VI) were isolated and the presence of chloride ions indicated the formation also 
of (VII). 


SO,R SO,R - §0,R 
(V.) 6 mel Ce — Cine (III.) 
f Fp C1 C1 
(I, 
SO,R OMe aR NC,H,y 
Or" 3 Ce NO, 
Me f NC,His Baise: 
(VIL) (VI) (II.) (IV.) 
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With most of the reagents examined, however, the attack was largely confined to a 
single centre, as is illustrated by replacement of the sulphonyl group with reagents of sul- 
phide character. For instance, good yields of the corresponding 4-chloro-2-nitrophenyl 
thioethers were obtained by the action of the sodium salts of thiophenol, p-thiocresol and 
2 : 5-dichlorothiophenol upon (I), and with sodium mono- and di-sulphides, bis-4-chloro- 
2-nitrophenyl monosulphide and disulphide were respectively produced. The replacement 
of sulphonyl by a thio-group is also favoured in the reaction between (VIII) and alkaline 
p-thiocresol (1 mol.) (VIII —> IX) despite the fact that in (VIII) a chlorine atom is 
jointly activated by two powerful cationoid groups (NO, and SO,) and is, moreover, ex- 
clusively replaced (VIII —-> X) by the action of piperidine “ — 


ih GOL 


(IX.) (VIITI.) (X.) 

It appears, therefore, that between such reagents as piperidine and alkaline -thio- 
cresol there exists a markedly different selective capacity for the reactions in question and 
it became of interest to inquire how, with these reagents, the loci and degree of reactivity 
are affected by modifying the sulphonyl component of (I). The compounds examined 
included the piperidide and amide (I; R = NC,H,,9 and NH,) and a series of four sulphones 
(I; R= Me, Ph, #-C,H,Me, and 2: 5-C,H,Cl,) representing a range of anionic stability 
in the sulphonyl groups (cf. Loudon, J., 1935, 537; Gibson and Loudon, J., 1937, 487). 
A qualitative comparison was made of the times required for reaction and of the relative 
quantities of pure products isolated. The reactions with the mercaptide were indistinguish- 
ably rapid under the conditions used and uniformly resulted in replacement of the sul- 
phonyl substituent (I——» IX). With piperidine the three possible products (I ——> II, 
III and IV) were isolable in each case, but whereas the four sulphones reacted with similar 
rapidity (5 mins.) and yielded approximately corresponding quantities of the products 
in the order (II1)>(III)>(IV), the piperidide and amide réquired longer treatment (30— 
45 mins.) and the quantities of products became, (II) approximately equal to (III)>(IV). 

In considering these results it is to be recognised that alteration of the radical R in 
(I) may affect two factors probably concerned in the reactivity of the system, for whilst 
it modifies the potential anionic stability and hence the mobility of the sulphonyl group, 
it also influences the contribution of that group to the cationoid character of the nucleus, 
thereby affecting indirectly the mobility of the nitro- and chloro-substituents. The gross 
effect may therefore be a general increase or decrease in the mobility of each of the three 
groups, accompanied by comparatively slight readjustments in their relative mobilities. 
The decreased general reactivity of the sulphon-amide and -piperidide compared with the 
sulphones is consistent with the weaker “‘ acidifying effects’ of these amido-groups (cf. 
Arndt and Martius, Aunalen, 1932, 499, 228), and the fact, incidentally observed, that 
they are themselves capable of replacement was confirmed by the behaviour of the 2 : 4- 
dinitrophenyl compounds (XI —-> XII and XIII). As a whole, however, the results 
indicate that the reactivity of a system such as (I) is much more sensitive to changes in the 
attacking reagent than it is to alteration of its sulphonyl component. 


S-C,H, SO,NH,(NC;Hy)  NCsHip O-C,H, S0,C,H, 
Cus me Cy vee Cy 2 8 ay 
Xo, Xo; No 

(XTII.) (XI) (x1) (XIV.) (XV.) 


Two further replacements are referred to here because of the contrast they provide to 
the facile intramolecular replacement of sulphonyl in 2-hydroxy- and 2-amino-2’-nitro- 
diphenylsulphone structures (Smiles and colleagues, J., 1932, 2774; 1934, 422; 1935, 131), 
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The intermolecular analogies selected were the reactions of (I, R = p-tolyl) with sodium 
p-tolyloxide and with aniline. The conditions necessary for these reactions were, however, 
much more intense than those sufficing for the intramolecular type and particularly with 
the latter reagent difficulty was experienced in isolating the product. Moreover, although 
with cresol the product (XIV) did indeed correspond to sulphonyl replacement, the di- 
phenylamine isolated contained the sulphonyl group intact (XV). 


Note on the Preparation of Sulphonyl Chlorides. 


In the course of this research, having need of certain nitrobenzenesulphonyl chlorides, 
we applied the methods of Zincke (Amnalen, 1918, 416, 93) and Riesz (Monatsh., 1928, 
50, 263) based on the chlorination of disulphides dissolved or suspended in dilute acetic 
acid. The method, however, failed with bis-2:4-dinitrophenyl disulphide, but, since 
the first stage in the reaction would appear to be formation of the sulphenyl chloride and 
since Fries (Annalen, 1927, 454, 258) obtained 2 : 4-dinitrobenzenesulphenyl chloride by 
chlorinating 2: 4-dinitrophenyl thiolbenzoate, we combined the two procedures in a 
successful preparation of the required sulphonyl chloride from the thioester. We had 
applied our procedure to a number of benzoylated thiols, to thiolsulphonic esters and to 
ethyl ethylxanthate when a publication by Douglass and Johnson (J. Amer. Chem. Soc., 
1938, 60, 1486), developing their work on isothioureates, anticipated in principle our 
results. From both,sources, however, agreement may be expressed with the conclusion 
that sulphonyl chlorides are readily prepared by chlorinating in an aqueous medium 
compounds having the character of acylated thiols. 


EXPERIMENTAL. 


To avoid unnecessary repetition the experimental procedure is largely referred to two 
processes A and B, and the formation by process A of 4-chloro-2-nitrophenyl p-tolyl sulphide 
(IX), found with all sulphones and sulphonamides of type (I) in reaction with p-thiocresol, 
is not further mentioned. Formation of the piperidino-compound (IV), found in quantities 
indicating about 2% conversion, is implied in referring to process B. 

Process A.—A solution of the sulphone or chloronitro-compound (1 mol.) and the thiol 
(1 mol.) in alcohol or alcoholic dioxan was treated with sodium hydroxide (1 mol., 10% aqueous 
solution) and thereafter warmed for 5 minutes. The product which separated on cooling was 
crystallised from acetic acid. 

Process B.—The compound was heated in excess of piperidine as solvent for 5 minutes 
(exceptions noted). After steam-distillation to remove 4-chloro-2-nitro-1-piperidinobenzene 
(IV) (extracted from the distillate with benzene), the residue, which solidified on cooling or 
on stirring with dilute acid, was fractionally crystallised from alcohol. 

4-Chloro-2-nitrophenylmethylsulphone (Zincke, Annalen, 1918, 416, 99) (he gives m. p. 
143°; now found 155—156°) reacted with piperidine (process B) to give 2-nitro-4-piperidi- 
nophenylmethylsulphone, m. p. 126° (Found: N, 10-2. C,,H,,0O,N,S requires N, 9-9%), and 
4-chloro-2-piperidinophenylmethylsulphone, m. p. 134° (Found: N, 5-2. C,,H,,O,NCIS re- 
quires N, 5-1%). 

4-Chloro-2-nitrodiphenylsulphone.—The corresponding sulphide, obtained from 2: 5-di- 
chloronitrobenzene and thiophenol (process A), had m. p. 86° (Found: N, 5-35. C,,H,O,NCIS 
requires N, 5-3%) and was oxidised with hydrogen peroxide in acetic acid to the required 
sulphone, m. p. 121° (Found: N, 4:7. C,,H,O,NCIS requires N, 4:7%). The latter com- 
pound with piperidine (process B) gave 2-nitro-4-piperidinodiphenylsulphone, orange plates, 
m. p. 172° (Found: N, 8-3. C,,H,,0,N,S requires N, 8-1%), and 4-chloro-2-piperidinodiphenyl- 
sulphone, colourless needles, m. p. 121° (Found: N, 4:2. C,,H,,0,NCIS requires N, 4:2%). 

4: 2’ : 5'-Trichloro-2-nitrodiphenylsulphone.—The corresponding sulphide, obtained from 
2: 5-dichloronitrobenzene and 2: 5-dichlorothiophenol (process A), had m. p. 106—107° 
(Found: N, 4-4. (C,,H,O,NCI,S requires N, 4-2%) and was oxidised to the sulphone, m. p. 
131° (Found : N, 3-8. C,,H,O,NCI,S requires N, 3-8%). With piperidine (process B) the sul- 
phone yielded 2’ : 5’-dichloro-2-nitro-4-piperidinodiphenylsulphone, m. p. 172° (Found: N, 
6-9. C,,H,,0,N,CI,S requires N, 6-75%), and 4: 2’ : 5'-trichloro-2-piperidinodiphenylsulphone, 
m. p. 153° (Found: N, 3-5. C,,H,,0,NCI,S requires N, 3-5%). 

4-Chloro-2-nitrobenzenesulphonamide (Riesz, loc. cit.), treated with piperidine (45 mins., 
process B), yielded 4-chlovo-2-piperidinobenzenesulphonamide, m. p. 152° (Found: N, 10-2. 
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C,,H,,0,N,CIS requires N, 10-2%), and 2-nitro-4-piperidinobenzenesulphonamide, m. p. 137° 
(Found: N, 14-9. C,,H,,0,N,;S requires N, 14-7%). 
4-Chloro-2-nitrobenzenesulphonylpiperidide, obtained by slow addition of piperidine (2 mols.) 
to a well-cooled solution of the sulphonyl chloride fcf. below) in alcohol, formed colourless 
crystals, m. p. 138° (Found: N, 9-3. C,,H,,;0,N,CIS requires N, 9-2%). From it, 4-chloro- 
2-piperidinobenzenesulphonylpiperidide, m. p. 105° (Found: N, 7-9. C,gH,30,N,CIS requires 
N, 82%), and 2-nitro-4-piperidinobenzenesulphonylpiperidide, m. p. 121° (Found: N, 12-1. 
C,sH,30,N,S requires N, 11-9%), were obtained by the action of piperidine (45 mins., process B). 

2 : 4-Dinitrobenzenesulphonylpiperidide, m. p. 130° (Found: N, 13-5. C,,H,3;0,N,S re- 
quires N, 13-3%), prepared from the sulphonyl chloride and piperidine (2 mols.) in cold alcohol, 
and 2: 4-dinitrobenzenesulphonamide (Willgerodt and Mohr, J. pr. Chem., 1886, 34, 124) 
each yielded (a) 2: 4-dinitro-l-piperidinobenzene (m. p. and mixed m. p. 92°) when heated 
for 30 minutes with excess of piperidine, and (b) 2: 4-dinitrophenyl p-tolyl sulphide (m. p. 
and mixed m. p. 103°) when heated with alkaline p-thiocresol (process A). 

4: 4'-Dichloro-2 : 3'-dinitrodiphenylsulphone.—4 : 4'-Dichloro-2-nitrodiphenyl sulphide, m. p. 
158°, obtained from 2: 5-dichloronitrobenzene and p-chlorothiophenol (process A) (Found : 
N, 4:8. C,,H,O,NCI,S requires N, 4.7%), was oxidised to 4 : 4'-dichloro-2-nitrodiphenylsulphone, 
m. p. 133° (Found : N, 4:3. C,,H,O,NCI,S requires N, 4:2%). The latter compound, nitrated 
in cold concentrated sulphuric acid solution by addition of potassium nitrate (1 mol.), yielded 
the required sulphone, m. p. 162° (Found: N, 7:6. C,,H,O,N,CI,S requires N, 7:-4%). A 
solution of this sulphone in dioxan, when treated at room temperature with piperidine (2 mols.) 
and kept for a few hours, yielded, in addition to piperidine hydrochloride, only 4-chloro-2 : 3’- 
dinitro-4'-piperidinodiphenylsulphone, m. p. 140° (Found: N, 9-9. C,,H,,O,N;CIS requires 
N, 9:9%). The constitution of this piperidino-derivative was proved by the formation of 
the sulphide (IX) from it (process A). 

Reactions of 4-Chlovro-2-nitrophenyl-p-tolylsulphone.—(a) The reaction with sodium meth- 
oxide (Loudon and Robson, Joc. cit.) was re-examined. Steam-distillation of the products 
effected a separation of 4-chloro-2-nitroanisole (representing about 5% conversion), which was 
extracted from the distillate with benzene and was identified by comparison with an authentic 
specimen (m. p. and mixed m. p. 96—97°). 

(b) A similar reaction with sodium ethoxide gave 4-chloro-2-nitrophenetole, separated by 
steam-distillation, and 4-chloro-2-ethoxyphenyl-p-tolylsulphone, m. p. 105°, isolated by crystallisa- 
tion of the residue from alcohol (Found: C, 57:5; H, 4:9. C,;H,,0,CIS requires C, 57-9; 
H, 4:8%). 

(c) 4-Chloro-2-nitrophenyl -tolyl ether (m. p. and mixed m. p. 100°; cf. Fox and Turner, 
J., 1930, 1115) was obtained when the sulphone was heated with sodium p-tolyloxide dissolved 
in p-cresol. 

(d) 5-Chloro-2-p-toluenesulphonyldiphenylamine (XV) was obtained by refluxing a solution 
of the sulphone in aniline for 5 hours. The dark oil obtained by treatment with dilute acid 
solidified slowly and was repeatedly crystallised from acetic acid (charcoal). It formed colour- 
less crystals, m. p. 121° (Found: N, 4:2. Cy, gH,,O,NCIS requires N, 3-9%). 

Preparation of Sulphonyl Chlorides.—The procedure (Riesz, loc. cit.) consisted in saturating 
with chlorine a solution or suspension of the compound in acetic acid containing 10% of water 
(about 10 c.c. of liquid to 2 g. of solid). The product either separated on standing or was 
precipitated by cautious addition of water. 

2: 4-Dinitrobenzenesulphonyl chloride, m. p. 102°, was obtained in 50—60% yield from 
2: 4-dinitrophenyl thiolbenzoate (Ber., 1899, 82, 3532) or from the disulphide by chlorinating 
a suspension in concentrated sulphuric acid, followed by dilution with acetic acid and water. 

4-Chloro-2-nitrobenzenesulphonyl chloride (most conveniently prepared from the di- 
sulphide; Riesz, loc. cit.) was formed in 80—90% yield from 4-chloro-2-nitrophenyl thiolbenzoate. 
The latter, prepared by the Schotten—Baumann method from the thiol, had m. p. 124° (Found : 
N, 4:8. C,;H,O,NCIS requires N, 4-8%). 

High yields of the corresponding sulphonyl chlorides were obtained from p-tolyl, o-nitro- 
phenyl, and benzyl disulphoxides. Ethyl ethylxanthate gave a good yield of ethanesulphonyl 
chloride (fraction, b. p. 174—177°), which was extracted with benzene after dilution of the 
reaction solution with water. 


The authors acknowledge their indebtedness to Mr. J. M. L. Cameron, who analysed several 
of the compounds, and to the Chemical Society for a grant. 
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308. The Catalytic Reduction of Organic Halogen Compounds : 
5-Chloro-5-alkylbarbituric Acids. 


By G. K. HuGcues and A. KILLEN MACBETH. 


5-Chloro-5-alkylbarbituric acids are rapidly reduced in aqueous-alcoholic solution 
in the presence of colloidal platinum, and the rate of the unimolecular reaction can be 
determined conductometrically. In general, the velocity constant varies but little 
with the alkyl group, the isopropyl acid being exceptional. The reduction of the 
chloro-acids proceeds more quickly than that of the corresponding bromo-derivatives, 
the ratio in the cases examined being about 4. The halogen atom in the chloro-acids 
is also removed by the action of hydrazine hydrate. 


It was shown (J., 1926, 1248) that 5 : 5-dichloro- and 5: 5-dibromo-barbituric acids are 
reduced by hydrazine hydrate with the removal of one of the halogen atoms, and also 
(J., 1931, 1870) that the bromine atom is similarly removed from 5-bromo-5-alkylbarbituric 
acids. The labile nature of the halogen atom in the latter compounds was further demon- 
strated (J., 1934, 769) by the fact that they undergo reduction in aqueous-alcoholic solution 
in the presence of catalysts, notably colloidal platinum, the alcohol acting as the hydrogen 
donor and being oxidised to acetaldehyde. As the conductivities of the barbituric acids 
present in the system are negligible compared with that of the halogen acid formed during 
reduction, the reaction was followed conductometrically, and the results were found to be 
reproducible when the catalyst was dispersed throughout the system as colloidal platinum. 
When the concentration of alcohol was sufficiently high to be assumed constant throughout, 
the reductions were found to be unimolecular; moreover, the velocity constants were nearly 
equal for all the alkyl acids examined except the isopropyl acid, which was markedly 
higher. 

The previous observations have now been supplemented by examination of a corre- 
sponding series of chloroalkylbarbituric acids, the technique previously described (ibid.) 
being followed. The unimolecular relationship is expressed in terms of observed resistances 
at known times, v7z., 

k = [1/(t, — 4)}log, (Ri, — Reo )R,/(R, — Roo )R, 

and the constancy of & is tested by the slope of the curves obtained when log R,/(R; — Ro) 
is plotted against time. The graphs show more divergence from the straight line than in 
the case of the bromo-acids, but the velocity constants determined from the slope of the 
straight portions do not show much variation for the various acids except the isopropyl 
compound, which again has a higher value of &. In this connexion it is of interest that, 
when the bromomalonic esters of isopropyl and other secondary alcohols were treated with 
hydrazine hydrate (Gallus and Macbeth, J., 1937, 1810), there was a deficiency in the 
nitrogen liberated. 

As previously observed, the velocity constant varies with the sample of colloidal 
platinum used, and the complete series of observations was therefore carried out with the 
same preparation of the catalyst (viz., Pt VII). A control on this was maintained by 
repeating the measurements with the initial substance after the examination of the full 
series was completed, and in general it was found that the agreement between the constants 
thus obtained was within the margin of experimental error when the age of the colloidal 
preparation did not exceed 8 days. 

Typical results are recorded in the experimental part and are shown graphically. The 
following values of k (log,,; min.~!) are derived from the slopes of the graphs over the 
region from 2 to 10 mins. 

Substituted barbituric acid. . Substituted barbituric acid. 
5-Chloro-5-methyl , 5-Chloro- s-butyl 
5-Chloro-5-ethyl , 5-Chloro-5-isoamyl 
5-Chloro-5-propyl ; *5-Bromo-5-isoamyl 
5-Chloro-5-tsopropyl P *5-Bromo-5-isopropyl 

* The differences between the present values and those previously recorded (J., 1934, 772) are 
solely due to the different platinum sols used. 
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It is seen that the velocity constant for the chloro- is 3-48 times that for the bromo- 
isopropyl acid, the ratio in the corresponding isoamyl acids being 4:23. The reactivity 
here is in the opposite sense to that generally observed in the alkaline reduction of halogen 
compounds by hydrazine hydrate (Macbeth ef al., J., 1922, 121, 904, 1117, 2169; 1925, 
127, 892) in which the bromine atom was more labile in the cases examined. 


3 § I 9 #1 73 Is 
Time, mins. ‘ 


I, 5-Chloro-5-isopropylbarbituric acid, 
II, 5-Chloro-5-butylbarbituric acid. 
III, 5-Chloro-5-isoamylbarbituric acid. 
IV, 5-Chloro-5-propylbarbituric acid. 
V, 5-Chloro-5-methylbarbituric acid. 
VI, 5-Chloro-5-ethylbarbituric acid. 


5-Chloro-5-alkylbarbituric acids are reduced by hydrazine hydrate, the reaction pro- 
ceeding more slowly in the case of the higher derivatives. Approximately 1 g.-atom of 
nitrogen is liberated per g.-mol. of the chloro-acid, except with the isopropyl derivative. 
The reduction may therefore be expressed by the equation 


2RCl + NH, ‘NH, = 2RH + N,+ 2HCI. 


EXPERIMENTAL. 


In the hydrazine estimations, alcoholic solutions of the chloro-acids were prepared containing 
0-001 g.-mol. per 10 c.c. This volume was washed into a van Slyke nitrometer with 5 c.c. of 
absolute alcohol, and 2 c.c. of hydrazine hydrate (50%) were subsequently added. The volumes 
recorded after the analytical data are those of nitrogen corrected to N.T.P. 

5-Chloro-5-methylbarbituric acid was prepared by passing a brisk stream of chlorine into a 
finely powdered suspension of 5-methylbarbituric acid in warm water; it crystallised from the 
hot solution on cooling, and after two recrystallisations from water had m. p. 201—202° (Found : 
Cl, 20-1. C;H,O,N,Cl requires Cl, 20-1%) (0-1765 G. gave 11-8 c.c., i.¢., 14-6 g./g.-mol.). 

5-Chloro-5-ethylbarbituric acid was prepared by direct chlorination as above; after recrystal- 
lisation from water, it had m. p. 191—192° (Found : Cl, 18-3. C,H,O,N,Cl requires Cl, 18-6%) 
(0-1905 G. gave 11-6 c.c., 7.e., 14-5 g./g.-mol.). 

5-Chloro-5-n-propylbarbituric acid was prepared by adding an excess of sulphuryl chloride 
to a solution of 5-propylbarbituric acid in chloroform; the chloro-acid dissolved when the 
mixture was warmed, and crystallised on cooling. Recrystallised from water or chloroform, 
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it had m. p. 190—191° (Found: Cl, 17-1. C,H,O,N,Cl requires Cl, 17-4%) (0-2045 G. gave 
11-3 c.c., i.e., 14-1 g./g.-mol.). 

5-Chioro-5-isopropylbarbituric acid, prepared as for the isomer and recrystallised from 
chloroform, had m. p. 188—189° (Found: Cl, 17:3%). Its reaction with hydrazine hydrate 
was very slow and a satisfactory end-point was not obtained. 

5-Chloro-5-n-butylbarbituric acid, similarly prepared, was obtained as silky needles on 
recrystallisation from chloroform, m. p. 138—139° (Found: C, 16-2. C,H,,0,N,Cl requires C1, 
16-3%) (0-2185 G. gave 11-6 c.c., i.e., 14-5 g./g.-mol.). 

5-Chloro-5-isoamylbarbituric acid, prepared by the same method, separated on cooling as 
long silky needles; recrystallised from water, it had m. p. 164—165° (Found: Cl, 15:1. 
CyH,,;0,N,Cl requires Cl, 15-3%) (0-2325 G. gave 11-7 c.c., i.e., 14-6 g./g.-mol.). 

Conductometric Measurements.—In the following table the numbers in parentheses after the 
name of the chloro-acid indicate the cell used in that experiment, the constant of cell I being 
0-149 and that of cell II 0-298. The experimental solutions were prepared by running equal 
volumes of the colloidal platinum sol (J., 1927, 2600) and an m/200-solution of the chloro-acid in 
20% aqueous alcohol into the conductivity cell, all the solutions and vessels having previously 
been brought to constant temperature in a thermostat at 30°. The electrodes were unplatinised, 
and resistances were measured on a Pye dial-type bridge, an oscillator combination being used 
in the determination of the null point. The results obtained with a particular sample (Pt VII) 
of colloidal platinum are recorded below and in the figure. 

t, R, t, R, é, be R 

mins. Ry. (R, — Re) mins. R;. (R, — Re) mins. Ry. °8 (R, — Re)’ 
Chloromethylbarbituric acid (I). Chloroethylbarbituric acid (I). _Chloro-n-propylbarbituric acid (I), 
1100 0-0623 1250 0-0575 1040 0-0699 
800 0-0882 920 0-0801 785 0-0942 
650 0-1113 742 0-1018 645 0-1176 
550 0-1351 634 0-1218 552 0-1409 
480 0-1588 554 0-1425 486 0-1642 
428 0-1827 446 0-1620 398 0-2107 
388 0-2065 407 0-1854 367 0-2343 
357 0-2305 373 0-2082 339 0-2607 
330 0-2560 316 0-2332 297 0-3144 
287 0-3118 269 0-2929 247 0-4196 
254 0-3754 232 0-3729 153 
147 155 


emcee ema Chloroisoamylbarbituric 
acid (I). Chlorobutylbarbituric acid (II). acid (II). 

1100 0-0697 1910 0-0784 1900 0-0763 
710 0-1133 1470 0-1036 1490 0-0998 
545 0-1543 1200 0-1308 1220 0-1255 
458 0-1911 1030 0-1567 1050 0-1496 
406 0-2229 910 0-1823 920 0-1756 
336 0-2883 820 0-2079 828 0-2003 
312 0-3210 747 0-2348 750 0-2277 
293 0-3530 685 0-2640 692 0-2535 
263 0-4200 10 637 0-2822 640 0-2825 
234 0-5179 12 550 0-3638 546 0-3570 
163 15 449 0-5155 430 0-5401 

ce) 312 306 


log log 
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309. The Reaction between Potassium Permanganate and Oxalic Acid, 
and the Decomposition of Potassium Manganiozxalate. 


By JoHN BRADLEY and GORDON VAN PRAAGH. 


When potassium permanganate and oxalic acid solutions are mixed, a yellow 
solution containing a manganioxalate is formed. This salt slowly decomposes into 
manganous oxalate and carbon dioxide. The object of this work was to examine 
the nature of this complex ion and its mode of decomposition. The reaction was studied 
in three parts: (1) the precipitation of manganese dioxide from potassium per- 
manganate and manganous sulphate, (2) the conversion of manganese dioxide into 
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the manganioxalate by oxalic acid, (3) the self-reduction of this complex. The 
reduction of the manganese dioxide by oxalic acid was found to be a surface reaction, 
accompanied by a homogeneous reaction between Mn" and Mn**” ions to form Mn’** 
ions. The yellow solution of the complex probably contains the ion 
ry {Mnl1(C,0,).,2H,O}’. 

Its behaviour was compared with that of the solution obtained from potassium 
manganioxalate. An equation was obtained for the initial rates of its decomposition 
in media containing various concentrations of hydrogen ions and oxalic acid, and a 
mechanism is suggested for its mode of decomposition. 


WHEN dilute solutions of potassium permanganate, sulphuric acid, and oxalic acid are 
mixed, the rate of oxidation of the oxalic acid is slow at first, increases to a maximum, 
and then decreases again. This behaviour is due to the slow production of manganous 
sulphate, followed by a rapid reduction of the permanganate, for if manganous sulphate 
is put into the system at first, the initial slow part of the reaction is eliminated. The 
colour of the mixed solutions changes through sherry-red, brownish, and yellow to colour- 
less. If acidified potassium iodide solution is added to the reacting mixture, iodine is 
liberated. In this paper the term “‘ oxidising power of the solution ’’ is used to indicate 
the quantity of iodine thus set free. Hence, when the solutions are first mixed, the oxidis- 
ing power is a maximum, and when the mixture has become colourless, it is zero. 
This reaction was first studied by Harcourt and Esson (Phil. Trans., 1866, 156, 193). 
Skrabal investigated the kinetics (Ber., 1903, 36, 2735) and concluded that manganic 
sulphate was formed intermediately by reduction of the permanganate by manganous 
sulphate, and that the manganic ions formed a complex ion with the oxalate ions, giving the 
yellow solution, which then slowly decomposed unimolecularly with formation of mangan- 
ous salts and carbon dioxide. Launer (J. Amer. Chem. Soc., 1932, 54, 2597; Launer and 
Jost, ibid., 1934, 56, 2571) showed that Skrabal’s mechanism was inadequate; he followed 
the course of the reaction by measuring the partial pressure of carbon dioxide evolved, 
and found that, when the acidity is kept constant by ammonium acetate buffers, the 
rate of loss of “‘ oxidising power ”’ is inversely proportional to the oxalate-ion concentra- 
tion, but that when potassium fluoride is added to prevent formation of the manganioxalate 
complex by forming the more stable manganifluoride, the rate becomes directly pro- 
portional to the oxalate-ion concentration. This is in agreement with his mechanism, 
which is as follows : 
Mn” -+- 2C,0,” == Mn(C,0,)” ...-.-.. O@ 
Mn“ + C,0,’"—» Mn” + CO,’ + CO, (measurable) . . . (2) 
followed by Mn*” + CO,’—> Mn" + CO, (rapid) . . . . . (3) 


The rate, determined by (2) if no complex oxalate is formed, is k[Mn**][C,0,”]; but if 
equilibrium (1) exists, K = [Mn(C,O,),’]/[Mn*“][C,0,”]?, and the rate becomes 
k'[Mn(C,0,).']/[C,0,”]. In his first paper, Launer assumes that the manganic ions are 
formed by Skrabal’s mechanism, #.e., MnO,’ + 4Mn™ + 8H*° —> 5Mn”” + 4H,O, but 
in his second paper he proves that this does not occur, and concludes that quadrivalent 
manganese ions are first formed : 

2Mn0O,’ + 3Mn™ + 16H° —> 5Mn*”* + 8H,O, Mn + Mn —>» 2Mn"™ 


The quadri- and ter-valent manganese ions are assumed to react with the oxalate ions to 
form ter- and bi-valent manganese ions respectively. These reactions were not isolated, 
nor was any direct analytical evidence obtained for the existence of the ions Mn™*’, Mn”, 
or CO,’. 

Lidwell and Bell (J., 1935, 1303) used a simple method for finding the composition of 
the’complexion. Adding oxalic acid solutions of various concentrations to permanganate— 
manganous sulphate mixtures after a short interval, they followed the course of the 
reduction by stopping the reaction by addition of potassium iodide solution. They found 
an initial fast reaction, followed by a slow unimolecular decomposition, and concluded 
that the former reduces the composition of the solution to that of the complex; by find- 
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ing the compositions of the solutions at which the reaction becomes unimolecular, they 
deduced that the complex ion is Mn(C,O,),’". We have been unable to confirm this 
conclusion. 

We studied the reaction, at room temperature, by Lidwell and Bell’s experimental 
method. Desiring to segregate the several reactions occurring, we began by noting the effect 
of varying the interval before adding the oxalic acid solution to the permanganate—mangan- 
ous sulphate mixture. The rate of oxidation of oxalic acid increases to a maximum as this 
interval is increased (I).* The increase coincides with the appearance of the red colour 
in the permanganate-manganous sulphate mixture, and reaches a steady maximum 
when a brown solid is precipitated. Hence, the latter reacts faster with oxalic acid than does 
the permanganate—manganous sulphate mixture. The composition of this precipitate is 
an important clue to the mechanism of the reaction, and it is shown to be a quadrivalent 
manganese oxide ; as its degree of hydration is indefinite, it will be referred to as manganese 

dioxide. The red colour appearing before the 

Fie. 1. precipitation is probably due to colloidal 

manganese dioxide. Addition of gum arabic 

prevents the precipitation by keeping the 
manganese dioxide in colloidal solution. 

The manganese dioxide precipitate is 
rapidly dissolved by oxalic acid to a yellow 
solution—both Mn,O, and MnO, behave in 
this manner (III)—and the dissolution is 
accompanied by a rapid fall in the oxidising 
power to about half its original value, owing 
to reduction of the manganese to the tervalent 
state, which has only half the oxidising power 
of the quadrivalent state (IV). This reduction 
corresponds to the steep parts of Lidwell and 

30 40 Bell’s curves. The yellow solution thus formed 
Time, minutes. then decomposes comparatively slowly (see 
Fig. 1). . 

The problem will now be considered in three stages: (1) the production of manganese 
dioxide from potassium permanganate and manganous sulphate, (2) the reduction of 
quadri- to ter-valent manganese, and (3) the formation and decomposition of the mangani- 
oxalate complex. 

(1) The Reduction of Potassium Permanganate by Manganous Sulphate-—When potas- 
sium permanganate and manganous sulphate solutions are mixed in the proportion re- 
quired by the equation 2MnO,’ + 3Mn” + 2H,O —> 5MnO, + 4H’, the light brown 
precipitate appears after a few seconds, and becomes granular and darker on standing. 
Addition of dilute sulphuric acid retards the reaction and extends the interval before the 
precipitate first appears (V). 

The reaction has been stated to be autocatalytic (Polissar, J. Chem. Educ., 1936, 
13,40). Our experiments do not show an increase in rate at the beginning of the reaction, 
but indicate that, before the precipitate appears, there is an induction period which can 
be eliminated by addition of a finely divided solid. The precipitate granulated sooner if 
the solution was shaken, and when granular, it reacted more slowly with the oxalic acid 
than did the fresh precipitate. This suggests that the reaction with the oxalic acid occurs 
on the surface, and this is supported by. other evidence (see Fig. 2). 

(2) The Conversion of Manganese Dioxide into the Manganioxalate Ion.—The study of 
this part of the reaction leads to two main conclusions : (a) that the reaction between oxalic 
acid and manganese dioxide takes place on the surface of the latter, and (b) that the quadri- 
valent manganese can be reduced to tervalent by bivalent manganese, a reaction which is 
probably homogeneous and ionic. 

The result of adding oxalic acid solution to a suspension of manganese dioxide has 
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been described on p. 1626, and it is shown that the reduction is a surface reaction (VII). 
If manganous sulphate solution is added with the oxalic acid to the manganese dioxide, 
the latter is again rapidly dissolved to a clear yellow solution, but the oxidising power is 
not halved, being only slightly reduced. (It subsequently diminishes owing to the slow 
decomposition of the complex.) Hence, more tervalent manganese is being formed than 
corresponds to the reduction of all the manganese dioxide by oxalic acid. This must be 
due to the occurrence of the reaction (cf. Launer) 


— oe “pee se ST Se ee 


in addition to the reduction by the oxalic acid : 


Mn™ + C0,” —> Mn™+2CO, . ... ... . (6)* 

Thus the manganese dioxide is reacting in two ways: (i) according to equation (4), 
producing no change in the oxidising power, and (ii), according to (5), causing a reduction 
in oxidising power. Reaction (4) does 
not take place unless the manganic Fic. 2. 
ions are removed as complex ions by 
the oxalic acid. By varying the 
concentration of the manganous 
sulphate solution added, the rate of 
reaction (4) could be modified (VIII, 
X) 





H 


s 


The simultaneous occurrence of 
these two reactions provides another 
means of showing that reaction (5) is 
a surface reaction. Various amounts 
of manganese dioxide were con- 
verted into tervalent manganese in 
solutions containing different con- 60 30 120—=«S—~*«iSD 
centrations of oxalic acid and the Time, seconds. 

same concentration of manganous 

ions. The oxidising power was reduced to the same fraction of its original value by oxalic 
acid present in concentrations varying over an eight-fold range. A similar test applied 
to the reaction of the manganese dioxide with manganous ions did not show that the 
reaction was a surface one (IX). On the assumption that the reaction (4) is homogeneous 
and that (5) is a surface change, a relation can be deduced between the change in the 
oxidising power of the mixture and the concentration of the manganous sulphate, inde- 
pendent of the dxalic acid concentration. This relation was in reasonable agreement 
with the experimental results (X). 

Further evidence for the reaction (4). When potassium fluoride is added to a mixture 
of oxalic acid and manganese dioxide, preventing the formation of the manganioxalate 
complex (see p. 1625), the oxidising power of the mixture falls to exactly half that of the 
original manganese dioxide. If the oxalic acid is omitted, and manganous sulphate added 
instead, the manganese dioxide is again dissolved, but the oxidising. power remains un- 
changed. The fact that this reaction does not occur except in acid solution suggests 
that it involves quadrivalent manganese ions. 

There is thus no doubt that the reaction (4) does in fact occur, and that the equilibrium 
Mn" + Mn” == 2Mn™* can be moved to the right by either oxalate or fluoride ions, 
both of which reduce the Mn™ concentration through the formation of a complex ion. 

(3) The Decomposition of the Manganioxalate Complex.—It has now been shown that 
the yellow solution formed from potassium permanganate, manganous sulphate, and oxalic 
acid solutions contains tervalent manganese in the form of a complex oxalate. This 
slowly decomposes, becoming colourless, as the manganic part oxidises the oxalate part. 

Lidwell and Bell (loc. cit.) ascribed the formula Mn(C,0,),’" to the complex ion. 
They found that the salt K,Mn™(C,0,), (Kehrmann, Ber., 1887, 20, 1594) decomposed 
* In this equation the reagents are represented as ions without prejudice as to the precise ionic or 


a form in which they react. 
N 


Oxidising power, c.c. of 0-0IN-Naz503. 
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in acid solutions at a rate similar to that of the yellow complex. We prepared the.tri- 
hydrate according to Cartledge and Ericks (J. Amer. Chem. Soc., 1936, 58, 2061). 

Fessenden and Redman (tbid., 1935, 57, 2246) assume the existence of the ion 
Mn(C,0,),’, also postulated by Launer (see p. 1625), and regard it as very unstable. 
Cartledge and Ericks (loc, cit.) prepared the salt K [Mn™(C,0,).(H,O),], and found the value 
3°38 x 10% at 0° for.the constant of the equilibrium [Mn(C,O,),]’” + 2H,O == 
[Mn(C,0,).(H,O).]’ + C,0,”, attributing a red colour to the tervalent and a yellow colour 
to the univalent ion, and thus accounting for the colour change from cherry-red to golden- 
yellow undergone by concentrated solutions of K,;Mn(C,0,), on dilution. This also 
explains why a dilute solution of the salt becomes pink when added to a solution in which 
the oxalate-ion concentration is greater than about 0-003M. 

In agreement with this, we found that in a solution in which [H*] = 0-01m, [H,C,0,] = 
0-008m, and therefore [C,0,’"] = 0-0001m, the solution was yellow; but that when these 
concentrations were respectively 0-0003, 0-01, and 0-003M, the solution was just pink. 
These colour changes occur both with solutions of the salt K;Mn(C,0,), and with those 
obtained from manganese dioxide and oxalic acid. This strongly suggests that the latter 
solution, when yellow, contains the ion [Mn(C,0,).(H,O).]’, and not the ion [Mn(C,0,),]’”, 
as suggested by Lidwell and Bell. They ascribed the colour change from purple to yellow 
occurring on acidification of a solution of the salt K,Mn(C,0,), to the formation of a neutral 
molecule Mn(HC,0,),, but it is clear from the work of Cartledge and Ericks that the effect 
of hydrogen ions is to shift the above equilibrium to the right by reducing the oxalate-ion 
concentration. 

The study of the decomposition of the yellow solution obtained from the manganese 
dioxide and oxalic acid is complicated by the presence in unknown amount of ions other 
than the manganioxalate ion. We found it more convenient to use the yellow solutions 
obtained from potassium manganioxalate for the quantitative study of the decom- 
position of the complex ion. The behaviour of the yellow solutions obtained in the two 
different ways was shown to be the same (XII). 

The decomposition of solutions of potassium manganioxalate. Solutions of potassium 
manganioxalate decompose spontaneously, becoming colourless owing to the reduction 
of the tervalent manganese by the oxalate part of the salt. The rates of loss of oxidising 
power of solutions of this salt have been measured (XI). The decomposition products, 
particularly oxalic acid, materially affect the rates, so measurements were made in media 
containing sufficient oxalic acid and hydrogen ion to reduce variations in these products 
to negligible proportions. Further, only the initial rates were measured. Since the 
reaction is unimolecular with respect to oxidising power provided other concentrations 
remain constant, the initial rates were best obtained from the initial slopes of the log (oxidis- 
ing power)-time graphs, and are represented below by & (min.~) (see Figs. 3, 3a, and 4). 

Results.—The effect of concentration of the complex. The following table shows the effect 
of concentration of the salt on its rate of decomposition in various media. 


Initial concn. (g.-equivs. Rate, 
Expt. Medium. Colour. of Mn!V in 105 c.c.). k (min). 
Experiments with solutions made from potassium manganioxalate. 
268 } n/50-Sulphuric acid Pale yellow 0-035 0-090 
266 ua a Brownish-red 0-70 0-017 
272 \ m/50-Oxalic acid + m/100- Brownish-yellow 0-20 0-022 
273 manganese sulphate Cherry- 1-40 0-016 
279 } Nn/1000-Sulphuric acid Pale yellow 0-01 0-046 
278 me Ps Brownish-yellow 0-084 0-013 
280 - Fag Cherry-red 0-84 0-008 
rm n/100-Sulphuric acid + Yellow Sans coe 
300 M/1000-oxalic acid ad 0-021 0-07 
Experiments with solutions made from manganese dioxide and oxalic acid. 
98 } ca. M/25-Oxalic acid Yellow * ro 4 re : 


105 ”” 

133 os 0-009 0-004 
128 ca. M/50-Oxalic acid >. 0-016 0-006 
134 ; 0-031 0-005 
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It is clear that the more concentrated solutions, which were pink, decompose more 
slowly than the more dilute, yellow solutions, which contained the ion [Mn(C,0,).(H,O),]’ 
(see p. 1628). As we were interested in the decomposition of the yellow solutions produced 
from manganese dioxide and oxalic acid, we confined the last three sets of experiments to 
solutions of low manganioxalate concentration in media of such oxalate-ion concentration 
that they were yellow. 


Fic. 3. , Fic. 3a. 
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In solutions in which the salt is wholly in the yellow form, the decomposition is uni- 
molecular with respect to oxidising power: R = A[C], where C represents the complex 
manganioxalateion. (It is assumed that the tervalent manganese is present almost entirely 
as the complex ion.) ; 

The effect of concentration of hydrogen ion and of oxalic acid. The rate of decomposition 
of the complex salt is raised by an increase in the hydrogen-ion concentration, and lowered 
by an increase in the oxalic-acid concentration. The effect of oxalic acid is complex, 
and is best understood by reference to Figs. 5—7. The decomposition is greatly retarded 
by traces of oxalic acid (Fig. 5). At constant hydrogen-ion concentration, the graphs of 
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k against 1 /[H,C,0,] are linear (Fig.6). Thusk = a/[H,C,0,] + 6, but a and bare functions 
of [H’]. In solutions of the same oxalic acid molecule concentration, the rate is directly 
proportional to the hydrogen-ion concentration (Fig. 7). These facts are expressed by the 
equation k = [H"](A/{H,C,0,] + B). From the graphs it is found that A = 1-13 x 10% 
and B = 1-67. ’ 

The equation was tested by plotting k against [H*]/[H,C,0,] + [H‘]B/A (Fig. 8). 
It seems therefore that the reaction rate is satisfactorily expressed by the equation 

R = [C][H’](1-13 x 10°/[H,C,0,] + 1-67) 

The graphs show that the rate ceases to be proportional to the hydrogen-ion con- 
centration at high values of the latter, the rates then being too high. This may be due 
to the assumptions made in calculating the ionic concentrations, viz., that Ostwald’s dilu- 
tion law holds, that the second ionisation of the oxalic acid can be neglected, and that the 


sulphuric acid was completely dissociated. 
Fic. 6. 








Effect of oxalic acid concentration on 
the rate of decomposition. 
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The effect of manganous-ion concentration on the rate of decomposition is complex; 
the manganioxalate solutions formed by the two methods are similarly affected. The 
rates of decomposition are unaffected by small concentrations of manganous ion in dilute 
or concentrated acid solutions containing no oxalic acid, but in media containing only a 
little oxalic acid (M/2000) the rate is greatly reduced by small concentrations of manganous 
ion (M/1000). This will be the subject of further investigation. 

Suggested Mechanism for the Decomposition of the Manganioxalate Ion.—It is assumed 
that the complex ion [(Mn™(C,0,).(H,O),]’ is dissociated by hydrogen ions giving rise 
to free Mn“ ions (6), and that the decomposing solution contains small and constant 
concentrations of the ions Mn" and Mn™*. The rate-determining steps are the reductions 
of these two ions by oxalic acid. 


. , fy eee 
H’ + {Mn™(C,0,)9(H,0),.}’ —-> Mn" + HC,0,’ + C,0,” + 2H,0 
2Mn*—-> Mn" +Mn™ . . . 
Mn‘" + H,C,0, "> Mn™ + 2H" + CO,’ + CO 
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(followed by eee eee et ee 


Mn" + H,C,0,—--> 2Mn" + 2H'+2CO,. . . . . (9) 
Then we have 
d{Mn*"}/dé = k,{H*][C] + &,[Mn***][H,C,0,] — &.[Mn**}® — &,[Mn**}?[H,C,0,) 
d[Mn*"""]/dé = k,[Mn*"*}? — &,[Mn**""][H,C,0,] 
Since [Mn**’] and [Mn**"’] are assumed to be constant, 
[Mn***] = &,[Mn**"}?/k,[H,C,0,] and [Mn**}? = &,[H*][C]/A,[H,C,0,] 
The rate of loss of oxidising power is given by 
R = k,[Mn**""}[H,C,0,] + 24[Mn*"?[H,C,0,] 
whence R = k,k[H'J[C]/A,[H.C.0,] + 2,[H°V(C] 
or — R= [CHH](hyee/hylHyC,Ou] + *y) 
Fie. 7. 
0:40 T +r T 








~ 


ste (H2020,]=0-25% 107% . 
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and 8 =]-67 0-05 
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Reaction (7) has been shown to be reversible [cf. (4)], but in media containing initially 
no manganous ions, the reverse change can be ignored in calculations of the initial rates. 
However, the mechanism could be modified at this point in order to include the effect 
of manganous-ion concentration, which has been referred to above, 

By comparison with the empirical equation for the rates of reaction, it is found that the 
rate constant for the decomposition of the complex ion, &,, is 1-671. g.-mol.+ min.. Values 
for Rg, kg, and k, cannot be obtained, but k,/k, = 0-68 x 10°. Thus the rates of reactions 
(7) and (9) are equal in a solution of oxalic acid molecule concentration of 0-68 x 107m. 
(This was approximately the case in Experiment 307.) 








EXPERIMENTAL. 


The experiments were all performed at 16° + 1°. . 
(I) Expt. 4—10 C.c. each of 0-0018m-potassium permanganate, 0-009m-manganous 
sulphate, and 0-0178m-sulphuric acid were mixed, and after time #, 10 c.c. of m/50-oxalic acid 
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were added. After 2 minutes the reaction was stopped by adding potassium iodide solution, 
and the liberated iodine titrated with n/100-thiosulphate : 

?, mins. 0 2 4 6 8 

N/100-Na,S,Ov, €.c. ......... 614 484 410 384 3-86 | 

(II) Expts. 45—53.—We wished to know whether the precipitate produced from potassium 
permanganate and manganous sulphate contained ter- or quadri-valent manganese oxide. 
Meyer and Nerlich observed that the acid hydrolysis of manganic salts leads to the formation 
of manganese dioxide and manganous salt, and that alkalis precipitate manganic hydroxide 
from a manganic salt solution. These observations were verified as follows: Green manganic 
sulphate crystals were prepared from potassium permanganate and sulphuric acid (Franke, 
J. pr. Chem., 1887, 36, 3), and a portion added to dilute sulphuric acid; a light brown precipi- 
tate was formed, and after addition of excess of aqueous ammonia, this was filtered off, and 
hydrogen sulphide passed into the filtrate, a pink precipitate of manganous sulphide being 
formed. Hence, some manganous sulphate had been produced by the acid hydrolysis of the 
manganic sulphate: Mn,(SO,), + 2H,O —- MnO, + MnSO, + 2H,SOQ,. 

Another portion of the manganic sulphate was added directly to dilute aqueous ammonia, 
and after removal of the light brown precipitate, the filtrate gave no precipitate with hydrogen 
sulphide, so the precipitate must have been manganic hydroxide. Hence, in acid solution, 
manganic sulphate hydrolyses according to the above equation, but this does not occur in 
alkaline solution. ' 

If manganous sulphate and excess potassium permanganate are mixed in acid solution, the 
brown precipitate filtered off, and the filtrate made alkaline with ammonia, the solution contains 
no manganous ions, for it gives no precipitate with hydrogen sulphide. If the brown pre- 
cipitate had been manganic hydroxide, it would have undergone acid hydrolysis to manganese 
dioxide and manganous sulphate, but since manganous ions were absent, it follows that the 
precipitate is manganese dioxide. 

(III) Expts. 36, 37, 47.—Mn,O, and MnO,, prepared by methods recorded by Mellor 
(‘‘ A Comprehensive Treatise, etc.,’’ Vol. 12, pp. 228, 240), reacted rapidly with oxalic acid to 
form yellow solutions. The two oxides obtained from manganic sulphate (II) behaved in the 
same manner. 

(IV) Expt. 60.—Several mixtures containing 10 c.c. each of 0-00182m-potassium per- 
manganate and 0-00546M-manganous sulphate solutions were left to precipitate completely 
(about 10 mins.); 10 c.c. of M/50-oxalic acid were then added, and after various time intervals, 
t, the reactions were stopped by adding acidified potassium iodide solution. The residual 
oxidising power was then found by titration with n/100-thiosulphate : 

8, BOCB. ccccceccccoscvccecses 0 10 30 50 70 90 110 
N/100-Na,S,0;, c.c. ... 10-0 6-96 5-65 5-25 4-95 4-95 5-00 
Similar experiments were performed with different quantities of manganese dioxide, and in 
all cases the initial rapid reduction ceased when the oxidising power of the solution had fallen 
to half its original value. 

(V) The reaction between potassium permanganate and manganous sulphate was followed 
by utilising the fact that oxalic acid is oxidised much faster by manganese dioxide than by 
potassium permanganate. A standard quantity of oxalic acid was added to the reacting 
mixture after time ¢, and left for a suitable period (about 10 secs.) to remove the manganese 
dioxide formed by the reaction. During this time the amount of permanganate reduced was 
very small. Potassium iodide solution was then added, and the free iodine titrated with 
thiosulphate. A titre is thus obtained which is an index of the amount of permanganate 
undecomposed. - 

Expt. 233.—Effect of acid concentration on the rate of reaction between potassium per- 
manganate and manganous sulphate. 
KMnQ, = 0-004m; MnSO, = 0-006m. 
0-001 0-005 0-010 0-015 no reaction 
KMnO, undecomposed after 60 secs., 
c.c. of N/100 5- 6-3 7-2 8-4 9-3 10-6 
(VI) Expt. 239.—The course of the above reaction with time was then followed in 
the presence of 0-005Nn-sulphuric acid (see Fig. 2) : 

t, secs. 10 20 40 60 80 100 120 140 160 

KMnO, _undecomposed 


after 60 secs., c.c. of 
10-68 10-61 960 8-14 7-34 6-87 6-69 7-06 7-22 7-14 
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The granulation of the precipitate, which occurs after about 100 secs., has the effect of in- 
creasing the titre, for the granular manganese dioxide reacts more slowly with the oxalic acid 
than does the fresh precipitate. 

Expt. 221.—The induction period could be eliminated as follows. Two reaction mixtures, 
A and B, were left to produce manganese dioxide for 10 mins. Two portions of permanganate, 
X and Y, were then treated as follows: 

Time, secs. Iodine 
a — liberated, 

0. 5. 15. c.c. of N/100. 

X. Equiv. vol. of MnSO, added Oxalic acid and reaction Excess KI 18-17 

mixture A added added 
Y. MnSO,asaboveandreaction Oxalic acid added Ditto 16-74 
mixture B added 

The results show that more manganese dioxide was produced in Y, in which manganese dioxide 
was already present, than in X. A small effect was also obtained by the addition of finely 


powdered glass wool: 





Cc 


Titre, c.c. 
Expt. 223.—X. Glass wool added with the oxalic acid 10-58 
Y. > i re MnSO, 10-06 

(VII) Expts. 81, 86.—The initial rates of reaction between manganese dioxide and various 
concentrations of oxalic acid in very dilute acid solutions were found as in the above. experi- 
ments. The rate at first increased with the oxalic acid concentration, but became independent 
of it in less dilute solutions (see Figs. 9 and 10). 

Expts. 61, 62, 87.—Solutions containing severally half and twice the concentrations of those 
used in Expt. 60 were then used to precipitate manganese dioxide. The same concentration 
of oxalic acid was added. The amount of de- 
composition in the first 10 secs. was found to Fic. 9. 
be proportional to the quantity of manganese 
dioxide present. Since the acid produced in the 
reaction by which the manganese dioxide is 
formed is also proportional to the amount of the 
latter, it was possible that this was responsible 
for the changes in rate. Other mixtures were 
therefore made, and the resulting manganese 
dioxide filtered off and washed. The initial rates 
of reaction with oxalic acid were, however, 
still proportional to the amount of manganese 
dioxide. 

(VIII) Expt. 211.—Reaction mixtures were a 
prepared from equivalent solutions of potassium 4 
permanganate (2m/500) and manganous sulphate a 008006 70 
(3m/500). The oxidising power of the man- xalic acid concentration,M. 
ganese dioxide in one reaction mixture was Fic. 10. 

10-6 c.c. as measured by the volume of n/100- 

thiosulphate required for the iodine liberated. The reaction was started by addition of 40 c.c. 
of a solution of oxalic acid and manganous sulphate of such concentrations that the resulting 
medium was M/10 in oxalic acid and m/100—m/1000 in manganese sulphate. It was stopped 
after 10 secs. by addition of potassium iodide solution. 

MnSQ,, M 0 1/1000 1/500 1/250 1/200 1/150 1/100 
Oxidising power after 10 secs., in : 

c.c. of N/100-Na,S,0, 4-38 6-03 6-80 7:68 7-76 7-98 8-66 
Thus in the more concentrated manganous sulphate solutions the reaction (4) predominates 
over the reduction (5) (see p. 1627). (The reduction of the oxidising power below } x 10-6, 
viz., to 4-38 in the first experiment, is due to decomposition of the manganioxalate.) 


(IX) Expts. 225—228 (see p. 1627). 


Mn0O,, Vol. of [Oxalic Oxidising pies after 10 secs., 
mols. x 10-4. solution, c.c. acid.] c.c. of N/100-Na,S,O, 
0-25 25 m/5 4-10 
0-5 50 m/10 
1-0 100 m/20 
2-0 200 m [40 
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The figures in the last column have been corrected for the decomposition of the complex; this 
was also done in the following experiment. 


Expt. 224. 
Mn0O,, Vol. of Oxidising power after 10 secs., 
mols. x 10-4. solution, c.c. {[Mn*’}. c.c. of N/100-Na,S,03. 
0-5 50 _ m/200 8-44 
1-0 100 m/400 15-20 = 2 x 7-60 
The concentration of oxalic acid was M/10 in both these experiments. In the solution of smaller 
manganous-ion concentration, reaction (4) is diminished. 

(X) Expts. 207—210, 241—242, 245—247.—Further measurements on the dissolution of 
manganese dioxide by mixed solutions of oxalic acid and manganous sulphate, and the deduction 
of an expression for the change in oxidising power so produced. The only reaction in which re- 
duction occurs is the surface reaction between the manganese dioxide and the oxalic acid 
(5). Provided there is something to remove the Mn**” ions, the following change (probably also 
a surface reaction) can also occur: 2MnO, + 8H°—-> 2Mn”* + 4H,O. The reaction of 
the oxalic acid with Mn*” ions is assumed to be negligible compared with its reaction with 
solid manganese dioxide. In the presence of Mn™ ions, the reaction (4) occurs, producing 
tervalent manganese (which forms the oxalate complex) without loss of oxidising power. 
Suppose we start with a mass M of surface of manganese dioxide, which changes during the 
experiment through values of m to 0, taking a time ¢ to do so. When an experiment begins, 
the two reactions (4) and (5) setin. Let the constant of reaction (5) be P, i.e., the loss of oxidis- 
ing power per unit mass of surface per second. The rate of reaction (4) is assumed to be deter- 
mined by the manganous-ion concentration (the concentration of Mn**** being assumed to be 
small and constant), and is equal therefore to k[Mn*’], where k is a constant. If x, represents 
the oxidising power of the original manganese dioxide, and x the value to which it is reduced 
when all the dioxide has been consumed by the mixed oxalic acid-manganous sulphate solution, 
the oxidising power conserved by reaction (4) is measured by (* — $%,). Hence 


Miin"}6m @—Om. 65. sw ow et lw ol (DD 
The rate of the reduction by oxalic acid (5) is affected by the hydrogen-ion concentration, 
but Expt. 87 showed that the effect was not appreciable over the range used, so the loss of 


M rt 
oxidising power occurring in time ¢ is i P.di.dm = PMi, and this is measured by (% — *). 
0 “0 


Hence 
PMiwz%#e—-% . . . (11) 


From (10) and (11) it follows that [Mn*]/(¥ — $%,) = 2[Mn‘’]/*, + ¢ where c is a constant. 
These equations have been tested and the results are shown in Fig. 11. 
The experiments were performed as described under (VIII), three different initial quantities 
of manganese dioxide being used. The oxalic acid concentration was M/25, and that of the 
manganous sulphate, [Mn"’], was varied; *, and # are given in terms of c.c. of N/ 100-thiosulphate. 
10°[Mn™*}, 10°[Mn**)} 
10°[Mn")]. %. x #£—$%, 10°[Mn"]. 4%. % #—}%, 10°[Mn"). 4%. #. 
216 14-35 0-56 2 7-48 1-06 1 5-4 6 
15-64 0-82 8-21 1-50 2 ‘9 
16-22 0-92 8-28 1-83 + 3 
17-10 1-06 ‘ 8-74 2-10 Be 3 
6-7 5 


10°[Mn"}. Xo. x. *% — ha. t, secs. t x [Mn*’] x 10°. 
3 10-7 18°14 2-79 13- 
1 ~ 6-58 1-23 4 ° 
3°. 21-4 14-91 4-21 16- 
1 - 12-23 1-53 6 7 
3 5-35 4-00 1-30 3} 
1 oo 3-60 0-90 34 
The slopes of the graphs should be numerically equal to 2/x : 


0-25 0-43 
0-19 0:37 


The agreement could not be expected to be good, as the theory neglects a number of factors, 
e.g., the decomposition of the complex during the time ¢. Further, it is not possible to measure 
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the time to an accuracy of more than about 10%, as it is difficult to decide exactly when all the 
manganese dioxide has reacted. 1 

(XI) The Decomposition of Potassium Manganioxalate—The salt was prepared by 
Cartledge and Ericks’s method (loc. cit.) [Found: Mn, 11-0. Calc. for KsMn(C,0,)3,3H,O : 
Mn, 11-2%]. A weighed quantity of the salt was dissolved in a large volume of the solvent, 
dissolution being complete in a few seconds ; a measured volume was removed at known intervals, 
the reaction stopped by addition of a large excess of acidified potassium iodide solution, and 
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10°[Mn"}. 
the iodine liberated titrated with n/100-thiosulphate. (If only a small excess of iodide is used, 
iodine is liberated so slowly as to vitiate the titrations. Also, in certain experiments, after all 
the iodine had been removed by the thiosulphate, more iodine appeared, in some cases, after 
only a few seconds; the rate of re-formation of iodine was greater in media of high oxalic acid, 
manganous sulphate, and potassium iodide concentration, and in solutions in which the de- 
composition of the manganioxalate had proceeded for some time. Further experiments showed 
that this was due to oxidation of hydriodic acid by oxalic acid, catalysed by manganese. The 
phenomena are being further investigated.) 

In most experiments, 0-1 g. of the salt was dissolved in 21. of solvent, and 250 c.c, removed 
each time for titration. The following details for Expt. 246 are typical of the method used for 
preparing the medium. A solution was required of hydrogen-ion concentration = 0-01m 
and oxalic acid molecule concentration = 0-0005m. Let x be the over-all concentration of 
the oxalic acid; then [HC,O,’] + 0-0005 = x, and 0-01 x [HC,O,']/0-0005 = 0-038, since 
0-038 is the constant for the first dissociation of oxalic acid. Whence [HC,O,’] = 0-0019, 
and * = 0-0024m. The hydrogen-ion concentration in 0-0024m-oxalic acid is therefore 0-0019M, 
and the additional [H"*] required is 0-0081m, so the solution was prepared by mixing 16-2 c.c. 
of n-sulphuric acid and 24 c.c. of m/5-oxalic acid and diluting them to 2 1. with distilled water. 

About 80 experiments of this type were performed, and some of the results are shown 
in the following table. In all these experiments the initial concentration of the salt was 
1 g.-equivalent per 10,000 1. 

103 
Expt. No. {H’). fH,C,0,) k, min, 


eroy + 1-48 x 10°[H’. 


311 0-002 1-03 0-009 5-1 
312 » 2-08 0-011 


- 
vo 


0-015 
0-07 

0-035 
0-025 
0-061 
0-040 
0-064 
0-046 
0-096 
0-160 
0-145 
0-225 
0-375 


313 mm 
289 0-01 
291 
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(XII) Correlation between the Yellow Solutions from Potassium Manganioxalate and from 
Manganese Dioxide and Oxalic Acid.—The following table gives the decomposition rates (h) 
in similar media: they are sufficiently alike to show that the two solutions contain the same 
decomposing substance. 

m/500-H* ™/50-H" + m/500- /100-H* + m/125- 
oxalic acid oxalic acid 
Values of k. 


Solution from K,;Mn(C,0,); : 0-064 0-025 
Solution from MnO, and oxalic acid : 0-050 0-030 


We are grateful to Mr. Henry Terrey, Mr. W. B. Newling, and Dr. E. A. Moelwyn-Hughes 
for advice, and to Mr. D. H. Burleigh for facilitating the performance of the work at Christ’s 
Hospital. 

CurRist’s HospiTaL, HORSHAM. [Received, August 13th, 1938.] 





310. Studies in Polymorphism. Part IV. The Linear Velocity of 
Polymorphic Transformation of Mercuric Iodide. 


By Dovuctas G. EADE and NoRMAN H. HARTSHORNE. 


The paper describes the results of direct measurements of the linear rate of move- 
ment of the interface between red and yellow mercuric iodide in thin polycrystalline 
films. From 0° to 40° (yellow ——> red), where the transformation is directed towards 
the denser form, the interface starts preferentially at the edges of the film and the rate 
shows a decline with time at constant temperature, given very nearly by the equation 
t = k,s* + k,s, where s is the linear distance moved by the interface in time ¢, and 
k, and k, are constants. The apparent energy of activation between 0° and 30° is of 
the order of 10,000—11,000 cals., which is very much less than the internal latent heats 
of sublimation of the two forms, which are of the orders 22,000 (red) and 19,000 
(yellow) cals. The rate when s = 0 is about 1000 times greater than that calculated 
on the assumption that it is governed by the difference between the rates of evaporation 
of the two forms into a vacuum. 

At 130° (red > yellow) the reaction occurs mainly by the growth of nuclei of the 
yellow form in the interior of the film. In unannealed films, the linear rate shows a 
strong decline, owing presumably to the presence of cracks and possibly also to the loss 
of material from these cracks by evaporation. In annealed films, sealed to prevent 
evaporation, the rate is roughly constant in the early stages, but when the process is 
followed for a sufficient distance, the s-¢ curve is sigmoid in shape. The rate varies 
considerably from film to film. 


DAMIENS (Compt. rend., 1923, 177, 816) studied qualitatively the dependence of the mass 
rate of transformation of yellow into red mercuric iodide on the previous thermal history 
of the specimen, and also (ibid., 1924, 178, 326) the rate of nucleation of large pseudomorphs 
of the yellow form. Kohlschiitter (Kolloid-Beth., 1927, 24, 319) made qualitative observ- 
ations on the rate of transformation of single crystals of the red, yellow, and orange forms, 
and Benton and Cool (J. Physical Chem., 1931, 35, 1762) measured the mass rates of 
interconversion of the red and the yellow form dilatometrically. Coppock (Nature, 1934, 
133, 570) measured the mean linear rate of advance of the interface between the red and 
the yellow form in single crystals at 20°. 

The present paper describes direct measurements of the linear rate of advance of the 
interface between the red and the yellow form in thin polycrystalline films. The measure- 
ments were made over the range 0—40° (yellow——> red) and at 130° (red——> yellow). The 
method of measurement was similar in principle to that used in the case of o-nitroaniline 
(Part III, J., 1935, 1860) but certain improvements in technique were made. 


EXPERIMENTAL. 
Purification of Materials.—Finely divided mercuric iodide, precipitated by adding potassium 
iodide solution to mercuric chloride solution, and dried over calcium chloride for several days, 
was fractionally sublimed 6—9 times in a vacuum as follows. 
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The pump and dry gas train were the same as those used in Part III (loc. cit., Fig. 3), and the 
sublimation tube was of the same type, but was longer and narrower (5—6 ft. x }in., narrowing 
to } in. for 1 ft. at the end attached to the pump) and was made of soda glass, since mercuric 
iodide attacks Pyrex glass at higher temperatures (Miller, ]. Physical Chem., 1931, 35, 2955). 
A water-cooled trap was interposed between the sublimation tube and the pump. The tube 
was cleaned and baked, and the substance introduced through the side tube, all as described 
in Part III. After the side tube had been sealed off and the apparatus evacuated, about nine- 
tenths of the substance was sublimed a short distance up the tube by means of a small electric 
oven working at about 170°. The place at which it was desired to form the sublimate was kept 
cool by a cloth continuously moistened by water dripping from a funnel. After the apparatus 
had cooled, dry air was admitted and the tube sealed off between the sublimate and “‘ tail”’ 
fraction. The sublimate was then fractionated into main and “ tail’”’ portions as before, and 
so on; after about the third sublimation, the “ tail ’’ fraction left no residue when completely 
sublimed. ' 

After the last fraction had been deposited (in the last few inches of the wider part of the 
sublimation tube) and sealed off from its “ tail,” the tube was evacuated and sealed off at a 
point on the narrow part, several inches from where this joined the wider part. It was then 
placed in a vertical electric furnace, and the specimen melted so as to run down and occupy 
the narrow part of the tube. After cooling, the tube was opened in dry air by breaking it off 
at a file mark inside a rubber tube attached toa drying train. The part containing the specimen 
was crushed by means of pliers tipped with platinum foil, and the compact lumps of solid picked 
out with forceps. These lumps were used for preparing the films (see below). The m. p. of 
all specimens obtained as above was 255-5°: it is not easy to determine, since the substance 
appears to soften and becomes orange before yielding the dark red liquid. The point taken in 
this case was that at which all the iodide appeared to have become dark red, this change occurring 
fairly suddenly. The m. p.’s given in the literature vary from 250° to 259°, but most of the 
later values are near to 255°. 

Preparation of the Films.—The films were prepared by melting the substance between 
3” x 1” slides and 5/8” or 7/8’ cover-slips, previously cleaned as described in earlier parts 
of this series. Powdered material gave films full of bubbles, but this was avoided by using 
lumps of material prepared by melting in a vacuum as described above. 

The yellow form crystallised from the melt on the slides largely as plates parallel to (001), 
and the transformation of these below the transition point (127°) took the form of a sudden 
appearance of red bands parallel to {110}, as described by Kohlschiitter (loc. cit.). These 
bands form a trellis-like structure over the film, and the growth of such a complicated interface 
could not readily be followed. It was found, however, that if, after transformation into the 
red form was complete, the slide was reheated to about 200°, a granular film of the yellow form 
was obtained, and on cooling this by placing the slide on a water-cooled iron plate, and turning 
it over and over until quite cold to the touch, the transformation began at the edges and 
proceeded inwards with a comparatively regular interface. The work below the transition 
point was mainly concerned with interfaces established in this way. In addition to this ‘‘ edge 
growth,”’ some isolated nuclei of the red form appear in the interior of the film, but not in 
sufficient numbers to hamper the study of edge growth, provided the film is not thicker than 
0-01 mm. 

In work above the transition point, which, as will appear later, involved prolonged annealing 
of the films, evaporation of the substance was prevented by placing a 1’’ square cover-slip over 
the smaller one confining the film, and sealing it round the edges to the slide with a phenol— 
formaldehyde cement kindly supplied by the British Scientific Instruments Research Association. 
This cement sets on baking for 3 hours at 140°. 

The thickness of the films was measured in arbitrary units by comparing the average depth 
of colour in transmitted light, when entirely in the red form, with a standard solution of methyl- 
orange in a colorimeter. Extremely thin films showed an abnormally low rate, and thus 
behaved oppositely to similar films of o-nitroaniline (Part III, loc. cit.). Care was taken to 
select films that were outside this range of abnormal behaviour. The order of thickness of 
those used was 0-01 mm. 

The rate was much faster than in the case of o-nitroaniline at the same temperature (about 
400 times at 20°), and this necessitated recording the positions of the interface photographically, 
and arranging that the slides acquired the temperature of the thermostat rapidly, so that the 
first photograph could be taken with as little delay as possible. 

Apparatus.—Apparatus I (Part III, loc. cit.), modified as follows, was used.’ 
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The projection lens and screen were replaced by a bellows camera fitted with a wooden 
extension, which enabled photographs of the films magnified by about 3 diameters to be taken 
on quarter plates. A new slide holder was made, which did not have to be removed from the 
cell in the thermostat for the purpose of inserting a slide. It consisted essentially of a flat metal 
tube fixed vertically to the under side of the cover of the cell, and having openings in the broader 
walls, which were at right angles to the optical axis of the apparatus, to permit the passage of 
the light beam. The slide, with the cover-slip towards the camera, was dropped down this 
tube through a slot in the cover, and came to rest in the path of the light. The slot was then 
closed with a screw-down lid. The slide was next pressed lightly against the wall facing the 
camera by two horizontal leaf springs operated by turning a vertical rod to which they were 
attached. The camera had previously been focused on the plane now occupied by the film. 
The rod was clamped in position by means of a locking collar. This modification of the 
apparatus reduced the time needed for the slide to acquire the temperature of the thermostat 
to a minimum, since it was brought at once into contact with the somewhat massive metal 
holder which was already at the thermostat temperature. This time was determined by separate 
experiments at each temperature in which one junction of a thermocouple was pressed against 
the centre of a slide by the rod and spring device mentioned above, and the other hung free 
in the cell. Equilibrium was shown by the thermal E.M.F. becoming zero. The period was 
found to be about 2 mins., depending on the temperature of the thermostat, and in practice a 
slightly longer time than this was given. In order to keep the front window of the thermostat 
dry in work at 0°, the stream of dry nitrogen passing through the cell was first passed through a 
glass-fronted box affixed to this window, before entering the coil in the thermostat. 

For work above the transition point, the thermostat cell and slide holder were replaced by a 
small electrically heated and controlled air-thermostat consisting of a brass box 5’’ x 4”’ x 1-4”, 
made of thick brass plates bolted to a brass casting forming the top, bottom, and sides. The 
front and back walls (formed by the plates) were each heated by an element of nichrome ribbon 
wound on and insulated by mica, and contained a zig-zag channel through which a preheated 
stream of dry gas could be led through the interior if necessary. The box was lagged with 
uralite, and there were circular double glass windows for the passage of the light in the back and 
front. The slide was introduced through a slot in the top, covered by a brass lid, and slid down 
guides to its proper position. It was then brought to the position of focus by means of a rod 
and spring device similar to that described above. An Anschiitz thermometer and a small 
mercury thermoregulator were placed one on each side on the slide. The temperature at the 
place occupied by the film was compared with that recorded by the thermometer by means of a 
thermocouple in a separate experiment, and the necessary correction applied to the reading of 
the thermometer. At 130° this correction amounted to — 4°. 

The growth studied above the transition point was that of nuclei of the yellow form, which 
appeared in the interior of the film. In order to detect the formation of these nuclei at the 
earliest possible moment, the film was kept under observation by a low-power microscope, 
placed at right angles to the optical axis of the main projection apparatus, light being reflected 
into the microscope by a mirror placed between the camera and the thermostat. This mirror 
could be quickly swung out of the way when it was required to photograph the film. (To avoid 
raising the temperature of the film, the projection lamp was only switched on at full power for 
the short time needed to take a photograph. For the same reason, when the formation of 
nuclei was being watched for with the microscope as just described, only sufficient current was 
passed through the lamp to make the film clearly visible, and even in this case, it was not kept 
on for more than a few seconds at a time.) 

Method of Measurement.—(i) Below the transition point. The sharp difference in colour 
between the two forms made it possible to record the successive positions of the interface on the 
same plate, by giving an exposure of about ¢/n sec., where ¢ is the “‘ correct ’’ exposure in the 
photographer’s sense, and » is the number of positions recorded (4—7). The positions appeared 
on the negative as boundaries between bands of different shades of grey. A positive 
transparency was then made, as this was found to increase the contrast, and this was magnified 
by being projected on to a paper screen by an optical lantern. The positions of the interface 
and the edge of the film were then traced on the screen with a pen, the different positions being 
distinguished by different coloured inks. The total magnification thus obtained was 23-5 
diameters. 

Those sections of the tracing which did not show marked irregularities or prominences on 
the interface, indicating possible interference by nuclei, were marked off by lines at right angles 
to the film edge, and the average linear distances between the successive positions of the interface 
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determined by finding the areas enclosed between these and the film edge by means of a 
planimeter, and dividing these areas by the length of the interface found by means of a rotameter. 
This method is much more satisfactory than that of making direct linear measurements, used 
in the case of o-nitroaniline, since it makes use of the whole length of the interface covered by 
the measurements, but it cannot be applied where the interface shows marked small-scale 
convolutions since the planimeter is not then trustworthy. 

The average linear distance between the edge of the film and the first recorded position of the 
interface was different for different sections of the same film, and for different films studied at 
the same temperature, because the time elapsing between the starting of growth from the edge 
and the taking of the first photograph was not the same from case to case, owing to growth not 
starting at the same instant at all parts of the edge, and to differences in the thermal history 
of the films prior to their being placed in the thermostat. The results had therefore to be 
averaged in the following way. The distance (s)—time (¢) curves for the different sections were 
plotted on the same axes, s being reckoned from the film edge. Equally spaced parallel lines 
were drawn at right angles to the s axis, thus dividing the diagram into a series of equal s 
intervals. The time taken for the interface to travel over a given s interval was then read off 
for each curve, and the average time calculated, each figure being ‘‘ weighted’ according to 
the length of interface to which it referred. From these results the average s-¢ curve was 
constructed, and this was extrapolated back to s = 0, thus enabling the times from the true 
zero of the reaction to be calculated. 

(ii) Above the transition point, As stated above, the growth of yellow nuclei appearing in 
the interior of the film was measured, edge growth being practically absent. These nuclei 
did not appear until the film had been at the thermostat temperature for some time, so that 
the necessity for extrapolation to zero time did not arise. The interface was too irregular for 
the planimeter to be used with accuracy, and the method of direct linear measurement at 
points spaced 0-5 cm. apart was used. 


RESULTS AND DISCUSSION. 


Experiments below the Transition Point.—The results are given in Table I and are plotted 
in Fig. 1. It will be seen that smooth curves may be drawn through the points with only 
occasional minor deviations. The interface lengths on which the values of ¢ are based 
were greatest in the middle part of each curve, because more measurements were available 
at medium values of s than at low and high values. In extrapolating the curves to s = 0, 
the data marked with an asterisk were ignored or duly weighted, wherever their inclusion 
in the curve would have invelved an abrupt change of curvature. These low values being 
excluded, the lengths of interface covered the following ranges (all in cm. x 23-5): 0°, 
65—233; 10°, 25—52; 17-5°, 22—49; 25°, 37—49; 30°, 23—50; 35°, 30—57; 40°, 
27—-68. 


TABLE I. 


s = linear distance from true zero (film edge) x 23-5, in cm.; ¢ = time from true zero, in mins. ° 
Values based on an interface length of less than 20/23-5 cm. are marked with an asterisk, and are 
considered to be less trustworthy. 


t, at t, at 


0°. 10°. 17-5°. 25°. 30°. 365°. ; 0°. 10°. 17-5°. 26°. 30°. 35°. 
0 0 0 ¥ 15:33 8-09 7:00 3-77 2-86 1-20 
5 — 065% — . 18-78 9-65 849 4-54 3-65 1-49 
7 — 1:45 0-74* 0- , 22-78 11-38 10-08 5:39 4-38 1-83 
6 2-60 2-50 1-21 , 27-06 13-36 11-66* 6-36 5-12 2- 
6 3-76 3-42 1-73 1: 5 — 16°55 13-47* 7-25* 5-90 
3 5-12 : 2 5 
3 6-69 








4-47 2-33 1760 — _- — 
5-68 3-00 — — ej ine 


0 

1:3 
2°8 
4-6 
6-7 
9-4 
2-2 


1 


s’ = linear distance x 23-5, in cm.; # = time, in mins., reckoned from an arbitrary zero 1-77/23-5 
cm. from the film edge. 


0-59 0-79 0-90 1-10 1-39 
0-68 1-10 1-55 2-03 2-56 





1640 Eade and Hartshorne: Studies in Polymorphism. Part IV. 


It will be noted that a much greater length of interface was studied at 0° than at other 
temperatures. One reason for this was that the work was begun at this temperature and 
considerable experience was necessary before the technique became familiar. Another 
was that two specimens of material were studied in order to see whether there was any 
difference in their behaviour. The ranges of interface lengths were : Specimen 1, 43—161 ; 
Specimen 2, 38—75; and the two s-¢ curves agreed throughout their whole length to 
within a few units %. This result showed that the method used to purify the material was 
satisfactory, and the different specimens obtained by this method were hereafter used 
indiscriminately. It also indicated that the length of interface studied in each case was 
sufficient to ensure a reasonably good value for the average linear velocity. The average 
interface lengths studied at other temperatures were somewhat lower than that of 
Specimen 2, but they were of the same order, and it may be assumed that in these instances 
also the average velocity was given approximately. In any case, in view of the 
comparatively large number of temperatures at which the reaction was studied, and the 
fact that at any temperature the observed velocity was just as likely to be too high as too 
low, it may be concluded that ‘the results suffice for the approximate evaluation of the 
temperature coefficient. Further, since failure to study a sufficient length of interface 
merely means that the result is not truly representative of all possible crystallographic 
orientations, it should not interfere with the search for the form of the equation followed 
by the s-¢ curve, since only the values of the constants in this equation would presumably 
be affected. 

At 35° and 40°, the linear rate was too great for data to be obtained at low values of 
s, for the interface had advanced a considerable distance before the slide had acquired the 
thermostat temperature. At 35° the first reliable value was at s = 1-18 (see Table I). 
Consequently, the extrapolation to s = 0, which was in no case entirely free from doubt, was 
here very uncertain, and the values of ¢ for this temperature cannot be regarded as 
absolute values. It is also possible that the film edge in this case was not the zero position, 
for the first interface position recorded may have been partly derived from nuclei forming 
some distance from the film edge and then joining up. Any such nuclei would not have 
been noticed. At 40°, the first reliable value was at s = 1-77 and extrapolation was out of 
the question. Accordingly, the data for this temperature are given in the table as from 
s = 1-77 as the arbitrary zero. There is little doubt, however, that the linear velocity 
at 40° was higher than that at 35°. 

The direction of transformation below the transition point is towards the denser red 
form, and all the curves show a fall of velocity with time, as was observed with o-nitro- 
aniline (Part III, Joc. cit.). In that work it was suggested that the fall is due to the develop- 
ment of a gap at the interface, and we have since found that a similar suggestion was made 
by Lehmann (“ Molekularphysik,’’ 1888, Vol. I, 168) in connexion with his study of the 
transformations of mercuric iodide and other polymorphic substances. 

The curves were tested for conformity to the equation ¢ = k,s* -+ k,s by the method 
of calculating k, and k, from two points on the curve (see Part III), but the rate falls 
less rapidly than this equation demands. On the trial assumption that the correct relation 
is nevertheless of the form 


See OP Oe: 6 eo ce SA wh wes | 


the curves were then tested graphically as follows.* Equation (1) may be rewritten as 
t/s — ke = k,s"-1, whence 


log(t/s — k,) = logky+(m—I1)logs . . . . . . (2) 


Hence, if log(t/s — k,) is plotted against log s, a straight line is obtained, with a slope of 
n — 1, and an intercept on the log(t/s — k,) axis of log k,;. Now, k, is the reciprocal of 
the velocity at s = 0, for differentiation of (1) gives dé/ds = nk,s"-1 + k,, and when s = 
0, dt/ds = k,. The result of applying this test to the curves for 0—30° in Fig. 1 is shown 


* We are indebted to Mr. F. James, Research Department, Woolwich Arsenal, for suggesting this 
test. 





8, incm(* 23-5). 
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in Fig. 2; k, was determined by means of a mirror tangent drawer, and the values are 
given in the col. 3 of Table II. 
TABLE II, 
True zero. Experimental zero. 
Ry. n. k’ 
6-3 2 
. 9 
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All the plots approximate closely to straight lines with a slope of nearly 1, 7.e., the value 
of m to the nearest whole number is 2 (col. 4, Table II). The data for 35° were also plotted, 
but did not give a straight line. The reason for this may be that the extrapolation of the 
curve and therefore the value of k, were incorrect. The uncertainties attached to this 
extrapolation have already been pointed out. 
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This result is of interest because the corresponding equation, viz., ¢ = k,s* + k,s may 
be deduced theoretically on the assumption that molecules, or presumably ion-associations 
in the present case, are transferred from one lattice to the other, either (i) as vapour 
diffusing across the gap according to Fick’s law or (ii) as a mobile layer diffusing along the 
glass surfaces confining the film. These deductions are somewhat lengthy and it would 
be premature to publish them without further experimental support. 

If » = 2, then it may be shown as follows that the equation is valid no matter what 
point on the curve is taken as the zero. Let #’ and s’ represent the time and distance, 
respectively, measured from the point ¢ = ¢) and s = sg, where s and # are the time and 
distance measured from the true zero. Then 


| t= +t = hls +5)? +hls't+5) » - . - » 0) 
and el. sk. Ra ee a 
Subtracting (4) from (3), we see 
= h,s’* + (kg + 2h5,)8°. . - . © . . (5) 
But for any particular case, sp is a constant, and the equation may therefore re written as 
Pe Bye? 4 eg ok we 8 ey 
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where k’, = (k, + 2,59), and is the reciprocal of the linear velocity at the arbitrary zero 
So, f9, as may be readily shown by differentiating (6) and equating s’ to zero. Thus, the 
relation between s’ and ?’ is of the same form as that between s and ¢. The curves can 
therefore be tested for conformity to the equation ¢ = k,s? +- k,s by taking the first reliable 
point on the experimental curve as the zero, and the test is uninfluenced by the uncertainties 
attaching to the extrapolated portion. Fig. 3 shows the result of applying this test to 
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the data at all temperatures. Good straight lines are obtained in practically every case, 
and the slopes are all near to unity. The corresponding values of » are tabulated in the 
last column of Table IT. 

Table II also gives the values of k, obtained by the two methods of testing. For a 
perfect curve with m = 2, equation (6) shows that these should be the same : rough agree- 
ment is obtained. 

The above method appears to be superior to, and is certainly less tedious than, that 
used in Part III, for it depends almost entirely on the accuracy of kg, 4.¢., the accuracy of 
the curve near the origin, small errors in other parts of the curve merely causing small 
deviations from the main straight-line plot. The latter method depends, not only on the 
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extrapolation, which determines the ¢ values, but also on the individual accuracies of the 
two points from which the constants are calculated. 

The graphical method has been applied to the curves for o-nitroaniline, ¢ and s being 
reckoned both from the true zero and from the experimental zero, and the results cast 
considerable doubt on our previous conclusion that the equation ¢ = k,s* + k,s is in 
general accord with the curves, though they do correspond on the whole to a decidedly 
more rapid fall of velocity than in the present case. Comparatively few of the plots are 
really good straight lines, but from the mean slopes, the values of ” are as follows: true 
zero, 2-32—2-85, with one of 1-96; experimental zero, 2-1—3-03, with two of 1-96 and 
1-85. These irregularities are probably to be attributed to errors in the extrapolation, 
which had to be done over greater distances than in the present work, and to the less 
satisfactory method of measurement used. 


TABLE ITI. 


Absolute velocities. 
ds/dt at s = 0. ds/dét at s = 1-4 cm./23-5. 








Temp. Cm. /min. Mm. /hour. Cm. /min. Mm. /hour. 
0° 0-00677 0-00268 16 
10 0-0112 0-00575 34 
17-5 0-0122 0-00604 36 
25 0-0255 0-0110 66 
30 0-0333 0-0123 74 
35 (0-0777) (466) (0-0325) (195) 


Table III gives the absolute values of the linear velocities in cm./min. and, for the 
sake of comparison with the results for o-nitroaniline, in mm./hour, at both s = 0 and 
s= 1-4. The latter value of s was chosen because it is within the experimental part of 
all the s-¢ curves from 0° to 35°. For reasons already given, the values at 35° are not very 
trustworthy and are therefore bracketed. Fig. 4 gives the logarithms of the velocities 
plotted against the reciprocal of the absolute 
temperature, and if the results at 35° (left- Fic. 4. 
hand points) be ignored, the plots both 
correspond to an apparent activation energy 
of 10,000—11,000 cals. 

In the case of o-nitroaniline (Part ITI) 
the apparent activation energy and the 
internal latent heat of sublimation of the 
stable form were nearly the same, and to 
explain this it was suggested that the rate 
of transformation was determined by the 
difference between the rates of escape of 
molecules from the two lattices involving 
activation energies equal to their internal 
latent heats of sublimation, which were 
assumed to be nearly the same. On the 
assumption that the rate of escape was 
equal to that into a free vapour space (rate 
of evaporation into a vacuum, v), it was 
found that the observed linear velocity was 
of the right order, though lack of data regarding the vapour pressures of the solid forms 
prevented a proper test of the theory being made. 

In the present case more vapour-pressure data are available, and it is possible to 
calculate the linear velocity and apparent activation energy on the basis of the theory 
approximately as follows. Vapour pressures of mercuric iodide have been determined 
between 100° and 350° (Johnson, J. Amer. Chem. Soc., 1911, 33, 780; Wiedemann, 
Stelzner, and Niederschulte, Ber., 1905, 38, 161), and the latent heats of vaporisation of 

50 
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the liquid and the yellow form calculated from these are 15,260 and 19,800 cals., 
respectively. [The resulting latent heat of fusion, 4540 cals., agrees well with that 
determined independently by Guichant (Comft. rend., 1907, 145, 68, 320), viz., 4450 cals.] 
The latent heat of transformation between the red and the yellow form is given as 3110 
cals. (Berthelot, Ann. Chim. Phys., 1883, 29, 234; Varet, ibid., 1896, 8, 79; Bokhorst, 
Diss., Amsterdam, 1915), whence the latent heat of sublimation of the red form is 19,800 + 
3,110 = 22,910 cals. The mean internal latent heats between 0° and the transition point 
are, therefore, 19,000 cals. (yellow form) and 22,000 cals. (red form) to the nearest 1000 
calories. 

Two straight lines with slopes corresponding respectively to these values are now 
constructed on. axes representing log v + const. and 1/T, so as to intersect at the value of 
1/T corresponding to the transition point. This makes the constant, which is unknown, 
the same for both lines, since Vyeyow = Yreq at the transition point. The values of Vyeyow X 
const. and v,.q X const. may now be obtained from the graph for any temperature, and hence 
those of log (Vseyow — Yrea) + const. These last values plotted against 1/T give 
the apparent activation energy of the reaction. Between 0° and 30°, the plot is practically 
a straight line with a slope corresponding to 18,000 cals. This is considerably greater than 
the experimental value (Fig. 4), and also than that which would be given if any weight 
were attached to the points for 35°, viz., about 13,000 cals. 

The linear velocity at s = 0 at 25° calculated from Vyejow — Urea (UV = pV M/2zRT, see 
Part III) is also not in agreement with that observed, being very much less. The values 
are: calc., 1-8 x 10° cm./min.; obs. (Table III), 2-55 x 10% cm./min. The calculation 
involves extrapolating the vapour-pressure results over a considerable range of temper- 
ature by means of the Clausius—Clapeyron equation, and the values of # used are therefore 
probably only approximate, but this could hardly account for the large discrepancy. 

The fact that the activation energy is considerably less than that calculated from the 
heats of sublimation indicates that the process of transformation does not involve the 
removal of ‘‘ molecules ’’ of mercuric iodide from the lattice to a distance at which the 
attractive force becomes negligible. Whatever the process is, it would appear to be 
fundamentally the same at all stages of the reaction, because, as Fig. 4 shows, there is no 
evidence of any change in the activation energy as the reaction proceeds. The idea that 
transformation occurs through the medium of a mobile layer is attractive. It may be 
supposed that, at the beginning of the reaction, there is one mobile layer common to both 
lattices, but that, as the reaction proceeds and the gap develops, this layer separates into 
two, one on the surface of each lattice; and the transference from one to the other takes 
place by diffusion along the glass surfaces confining the film, or across bridges remaining 
at places where the gap has failed to form owing to some hindrance to reaction. The 
activation energy of the transformation process would be closely related to, and of the 
same order as, the energy needed to “‘ mobilise ’’ a molecule, which would be less than the 
heat of sublimation, as is actually found. The mobile units might also be single ions 
moving more or less independently. 

Experiments above the Transition Point.—In the first experiments made to measure the 
linear rate of transformation of the red into the less dense yellow form, the rate was found 
to fall with time at least as strongly as below the transition point, and this appeared to cast 
doubt on the gap theory of the fall. It was then realised that the films were probably 
permeated with cracks owing to the volume decrease attending the change yellow —-> red, 
and to the thermal contraction, which necessarily occurred in the preparation of the films. 
Cracks might also have formed as a result of the volume decrease accompanying the 
crystallisation of the liquid, if pools of liquid became surrounded by crystals during the 
process. An interface advancing through such a film would encounter a succession of 
these cracks, and the process might, on the average, be represented by Fig. 5. AB, CD, 
etc., are blocks of the red form separated by the cracks BC, DE, etc. For simplicity it is 
assumed that the cracks are spaced at equal intervals. An interface starting at A proceeds 
with a constant velocity across AB, and on the assumption that the unchanged part of the 
block is free to move, it will be pushed forward owing to the increase in volume 
accompanying the reaction, When the block is completely transformed, it will have 
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expanded to B’, BB’ representing the difference in volume between the material of the 
block in the two forms. The interface will now encounter a gap B’C representing the 
shrinkage, due to thermal contraction and causes other than the change yellow —-> red, 
which occurred when the film was made. The linear rate will now fall, since material 
can only be transferred across the gap. The transformation of the second block will start 
at this reduced rate, but the rate will gradually 

increase, since, owing to volume increase, the Fic. 5. 

gap will diminish in width. When the trans- 
formation of this block is complete, however, 
the interface will encounter the gap D’E, which 
is twice as wide as B’C, and a further and 
‘larger fall of rate will occur, andso on. Ifthe 
cracks occur at very frequent intervals, these 
sudden changes of rate will be smoothed out A B BC D 
into a continuous decline. 

Cracks due to thermal contraction and to contraction attending the change liquid —> 
yellow form must also have been present in the yellow films studied below the transition 
point, but would merely have the effect of accentuating the decline of velocity due to the 
change yellow —-> red; every time a crack was encountered, the gap would acquire an 
addition to its width, but on the average such additions would be smoothed out. 

Above the transition point, the assumption made above that the first block can move 
is probably not justified in general, because it would be anchored to the glass at a number 
of points. The increase in volume would then be accommodated by the filling in of spaces 
between the block and the glass; in any actual film there must be many of these spaces. 
Also the transformation of subsequent blocks proceeds in such a way as to fill up these 
spaces, and the combined effect would be to shorten the linear distance advanced by the 
interface in the transformation of a block, and so to increase the gap width added at the 
end of each such transformation. Further, at the comparatively high temperature (130°) 
at which the reaction was studied, evaporation from an unprotected film is probably not 
negligible, and loss of material from the cracks owing to this cause would further accentuate 
the fall of velocity. 

Accordingly, it was decided to attempt to close the cracks by prolonged annealing, and 
to stop evaporation as already described (p. 1637). The films were annealed for one week 
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Each curve is marked with the average number of measurements per point on which it is based. 


at 100°, then heated to 130°, and the growth of the yellow nuclei at this temperature 
recorded. Microscopic examination of the effect of annealing showed that a network of 
dark lines, presumably cracks, present at first disappeared after a few days, without 
apparently destroying the polycrystalline character of the film. Thus the annealing did 
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not result in the production of a few large crystals. The mechanism of this crack-healing 
process is not obvious. 

The effect of this treatment was to stop completely the fall of velocity, but different 
films showed very different velocities. Curves for four films are shown in Fig. 6. In the 
early stages, up to s = I, the rate is constant, but between s = 1 and s = 2, three of the 
curves show a slight increase, which, in one case where it could be followed up to s = 7, 
continues for some distance and is succeeded by a decline. At present we are unable 
to offer any explanation of this sigmoid shape, or of the differences between the rates of 
the different films. 


The senior author desires to thank the Council of the Chemical Society for a grant. 
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311. Some Quantitative Aspects of Asymmetric Transformation. 
By MARGARET M. JAMISON and E. E. TURNER. 


If d-R,N,d-HA and d-R,N,/-HA are the two possible diastereoisomeric salts 
formed by the combination of an optically stable base, d-R,N, with an optically unstable 
acid, dl-HA, they can undergo interconversion in suitable solvents. Asarule, they will 
do so, because their free energies are different, and the optical rotation observed will be 
that corresponding to the equilibrium d-R,N,d-HA==d-R,N,/-HA. This process has 
been called by Kuhn “ asymmetric transformation of the first order,’”’ a second-order 
transformation being one in which, not only are the salts interconvertible but, since 
one of them is the less soluble, this salt crystallises out, and none of the other form 
appears. 

We find that with certain optically unstable acids first-order transformation does 
not occur to an observable extent with base and acid in equivalent proportions, but does 
so when excess of the acid is added. This has been proved by carrying out experi- 
ments at — 30°, and observing the process of asymmetric transformation in the case of 
two substituted N-benzoyldiphenylaminecarboxylic acids. The optical activity of 
these acids is due to restricted rotation within the molecule, and this restriction is so 
much more marked with a similar, but more highly substituted, third acid that the 
cinchonidine salt of the latter can be resolved at — 15°, and caused to undergo second- 
order asymmetric transformation in warm acetone, in addition to showing first-order 
asymmetric transformation, with mutarotation, in chloroform at the ordinary temper- 
ature. This is the first instance in which one salt has been made to demonstrate all 
three types of differentiation between diastereoisomerides. 

Examination of the kinetics of the first-order asymmetric transformation of salts of 
the third acid leads to the conclusion that, when the amount of acid is more than that 
equivalent to the base, not only do the relative proportions of the two diastereoiso- 
merides change, but in addition one form of the free acid is formed in slightexcess. The 
effect of excess of acid in driving back the dissociation of the salts must not be over- 
looked, but it is probably small, because in non-hydroxylic solvents, in which 
asymmetric transformation occurs most extensively, the salts are of the non-ionic type, 
R,N...H...A, and are only very slightly dissociated into base and acid. 


ASYMMETRIC transformation or optical activation is a subject of the greatest interest and 
importance, not only from the purely stereochemical point of view, but also from that of 
optically selective biosynthesis. Since it also offered a method of approach to the in- 
vestigation of the stereochemistry of tervalent nitrogen, where, at any rate at first, com- 
pounds of low optical stability were likely to come under review, we have made an attempt 
to define the conditions under which it occurs, and to obtain an insight into its mechanism. 

It is necessary in the first place to state the problem. If an optically active, optically 
stable d-base, R,N, and an equivalent of an optically unstable acid, HA, are dissolved in a 
solvent, the two diastereoisomerides, d-R,N,d-HA and d-R,N,/-HA, are formed in equal 
amounts at the moment of mixing. Because of the optical instability of HA, the diastereo- 
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isomerides can readily pass one into the other, either directly or by a mechanism depending 
on the optical instability of the free acids themselves. If the relative solubilities of the two 
salts are such that one salt begins to crystallise, complete conversion into this salt can occur, 
and the many instances of this kind recorded in the literature have been called by Kuhn 
(Ber., 1932, 65, 49) asymmetric transformations of the ‘second order.”” To Kuhn, a 
“ first-order ’’ asymmetric transformation is one in which, although the two diastereoiso- 
merides are interconvertible for the reasons just given, neither of them separates, but 
nevertheless they may be present in different amounts in solution, corresponding to the 
equilibrium d-R,N,d-HA = d-R,N,/-HA. Preliminary experiments showed that this 
equilibrium appeared to be altered by adding excess of HA, and we have made use of this 
fact as a means of investigating the problem of asymmetric transformation. 

If the rotation of a solution of one equivalent of an optically active, optically stable base 
is determined, and successive portions of an acid (e.g., 1, 2, 3, equivs.) are added, and the 
rotation determined after each addition, a curve can be plotted showing rotation as a func- 
tion of the acid : base ratio. Such a curve we term for convenience an “‘ addition curve.” 

The addition curves obtained by using nor-d--ephedrine in chloroform with a series of 
acids are shown in Figs. 1 and 2, and those by using cinchonidine as the base in Fig. 3. The 
addition curves are clearly of two types (Curve F in Fig. 3 is discussed later). 
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Type I. Here, addition of acid in excess of 1 equiv. has no marked effect on the optical 
rotation. The acids concerned can be classified stereochemically in four groups: (a) The 
configurationally symmetrical acids, o-toluic (G), salicylic (J), and 2 : 4-dinitrodiphenyl-6- 
carboxylic acid (K). (b) The non-resolvable 2 : 4-dinitro-3’-methyldiphenyl-6-carboxylic 
acid (H) (Lesslie and Turner, J., 1930, 1758). (c) The resolvable, optically stable 2 : 4- 
dinitro-2’-methyldiphenyl-6-carboxylic acid (idem, ibid.) (L). (d) N-Benzoyldiphenylamine- 
4-carboxylic acid (D) and N-benzoyl-4’-chlorodiphenylamine-4-carboxylic acid (E) (Jamison 
and Turner, J., 1937, 1954). 

Type II. In this type, addition of acid in excess of 1 equiv. is accompanied by 
a comparatively large change in optical rotation. This type includes N-benzoyldiphenyl- 
amine-2-carboxylic acid (A), N-benzoyl-2’ : 4’-dichlorodiphenylamine-2-carboxylic acid 
(B), and N-benzoyl-2’ : 4’-dimethyldiphenylamine-2-carboxylic acid (C) (idem, ibid.), 
which, for reasons given later, should possess molecular dissymmetry of an unstable type, 
A having by far the least optical stability. 


OM! SD: SRD 
(A.) N \ (C.) Me 


(B.) Cl 
COPh COPh COPh 


0,H Cl 0,H 
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COPh COPh 
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NO, Me NO, 
(H.) 0,H (K.) CO,H (L.) CO,H 


As a working hypothesis, we assumed that where excess of acid produced a marked 
change in optical rotation, we were observing the consequences of a first-order asymmetric 
transformation. Acid C was therefore selected as suitable material for examination in 
chloroform with a number of different alkaloids, and the addition curves obtained are 
shown in Figs. 4 and 5. All the curves in Fig. 4, and curves III and IV in Fig. 5 indicate 
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change of rotation with excess of acid, and cnly I and II in Fig. 5 do not. The general 

conclusion, therefore, was that the assumption of asymmetric transformation was worth 

pursuing, curves I and II in Fig. 5 being regarded as exceptional. 
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The next step was to discover whether the properties of the solvent were a determining 
factor in producing optical activation : addition curves for acid C and nor-d-y-ephedrine 
were obtained in a series of solvents. Fig. 6 shows that excess of acid has a very con- 
siderable effect, not only in those non-hydroxylic solvents which, like chloroform, have low 
dielectric constants, but also in nitromethane and acetonitrile, which have high dielectric 
constants. On the other hand, in methyl and ethyl alcohols, addition of acid in excess of 
1 mol. causes no change in the optical rotation. 

Our next objective was to obtain more direct experimental evidence of the inferred 
asymmetric transformation of acids A,B, andC. By greatly lowering the temperature, the 
optical stability of these acids must be increased, and we hoped that at — 30° mutarotation 
of a salt with an optically active base would be observable in the cases of the more stable 
acids B and C. 

A chloroform solution (20 c.c.) containing 1 g. of the dichloro-acid (B), cooled to — 31°, 
was added to a similar solution (5 c.c.) containing 0-5 g. of nor-d-y)-ephedrine at the same 
temperature, a modification of the apparatus described by Mills and Clark (J., 1936, 175) * 
being used. Rapid mutarotation occurred, the first reading being made 9 secs. after mixing 
the solutions. Although in these circumstances precise polarimetric readings are difficult, 
the change of « from + 0-19° to + 1-01° (¢.¢., of «,, — « from 0-82° to zero) was clearly of 
the first order, with a half-life period of 1-7 mins. The results are given in detail, since so 
far as we are aware no mutarotation as rapid as this has hitherto been recorded, nor any 
rotational changes followed quantitatively at so low a temperature (see Fig. 7, curve B) : 
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Left-hand legend: curve C. 
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ee oe Pe Oe 
Time. in minutes(curve C). ’ 
. . 0-5i O91 1:25 155 185 235 2-70 3-03 
% = Oe : 0-67° 0-61° 0-52° 0-43° 0-39° 0-30° 0-28° 024° 
i 0-172 0-141 0-158 0-181 0-174 0-186 0-173 0-176 
Time after 0-15 min. ............ 365 465 491 527 6574 610 645 775 © 
O = de . 0-12° 0-09° 0-09° 0-07°. 0-08° 0:07° 0-05° 0-00° 
i 0-180 0-216 0-201 0-186 0-166 0-166 0-157° — 
whence & = 0-18 (min."}). 
A similar result was obtained with the dimethyl acid C. A solution of 2 g. (29 equivs. ) of 
the acid in 25 c.c. of chloroform was added at — 30° to one of nor-d-s-ephedrine (1 equiv.) 


* Their middle tube (J) was dispensed with, and G was joined directly to P.. With two previously 
filtered solutions, this permits of extremely rapid mixing. 
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in 5 c.c. of chloroform. The first polarimetric reading was taken 20 secs. after mixing ; 
the results for the change from — 4-03° to + 2-15° are given below and in Fig. 7, curve C : 


Time after 0-34 min. ............ 0-00 8 0-31 0-49 0-69 0-90 1-18 1:83 2-09 2-44 
5-69° 5-32° 5-03° 4:76° 4:29° 3-52° 3-27° 2-91° 
0-116 0-133 0-130 0-126 0-134 0-128 0-132 0-134 
2:92 3-11 3:34 366 403 430 460 5-03 
2-56° 2-42° 2-25° 2-01° 1-84° 1-69° 1-58° 1-41° 
0-131 0-131 0-131 0-133 0-131 0-131 0-129 0-128 
5-81 6-15 6-41 6-66 6-91 7:39 7-74 
116° 1-06° _0-99° 0-92° 0-85° 0-77° 0-74° 
0-125 0-125 0-124 0-124 0-125 0-122 0-119 


8-29 8-71 9-06 10-31 11-22 15-86 ro) 
0-64° 0-58° 055° 0-44° 0-38° 0-12° 0-00° 
0-119 0-118 0-116 O111 0-108 0108 — 


whence k = 0-125 (min. ) and the half-life period is 2-4 mins. 

These two sets of observations constitute satisfactory support for our interpretation of 
the addition curves for the two acids concerned. The possibility that the mutarotations 
observed were due to the process of combination between base and acid is clearly excluded, 
because this would have caused a rotational change in the opposite direction. The fact that 
with the dimethyl acid (C) the rotation on mixing was strongly negative, indicates that 
combination of base and acid to give the /-rotatory salt of the dl-acid is extremely 
rapid. The mutarotation observed must therefore have been a realisation of the change 
corresponding to the upper limb of curve C, Fig. 2. 

Although N-benzoyldiphenylamine-2-carboxylic acid (A) appeared from the addition 
curves (e.g., A, Fig. 2) to be capable of undergoing asymmetric transformation, the process 
of activation could not be detected when a chloroform solution of the acid was mixed with 
one of nor-d-y-ephedrine or of cinchonidine at — 30°. We do not regard this as invalidat- 
ing the main argument, but merely as indicating that the periods of half-change of the 
mutarotations involved are considerably less than 0-5 min. at — 30°. Although it is 
admitted that “‘ addition curves ” should not be regarded as affording absolute evidence of 
potential molecular dissymmetry, yet it can hardly be doubted that they would give trust- 
worthy information inside a series of closely related acids such as A, B, and C. 

The optical activity of acids A, B, and C could be due to one or both of two causes, 
“ asymmetric tervalent nitrogen ”’ or restricted rotation within the molecule. From the 
fact that acids D and E gave no indication of being capable of undergoing optical activation, 
it is concluded that restricted rotation is a sufficient explanation of the activation of B and 
C. From the very considerable quantitative information available with regard to factors 
controlling the stability of dissymmetry in the diphenyl series, acid H would not be expected 
to be capable of activation, and it was for this reason that this acid was selected for compari- 
son with acids D and E. Figs. 8 and 9, which are explained below, show the manner in which 
restricted rotation can operate, and it may be noted that the case is in some respects similar 
to, although more complex than, that described, while this investigation was in progress, by 
Mills and Kelham (J., 1937, 274). 

All three diagrams are drawn to scale, the atomic radii used being: C (aliphatic), 0-77 ; 
C (aromatic), 0-70; N, 0-70; O, 0-66; Cl, 0-99; Br, 1-14 a. These are based on X-ray 
measurements and give the correct interatomic distances between combined atoms. The 
effective radius at which any atom or group repels another not combined with it is probably 
of the order of 0-5 A. more than the diagrams suggest, but since diphenic acid cannot be 
caused to exhibit: optical activity, this 0-5 A. is almost certainly an.upper limit external 
radius correction. 

In Figs. 8, 9, and 10, P is the aromatic nucleus carrying the carboxyl group, and @ is the 
nucleus carrying either chlorine or methyl (R) in the 2-position to the nitrogen atom (Fig. 9; 
R and R’ show two possible positions of R). In Fig. 10, nucleus P also carries a bromine 
atom in the 6-position to the nitrogen atom. In all three figures, S is the nucleus attached 
to the carbonyl group and is shown in two positions of rotation (thick circle at top, thin 
circle at bottom). The three aromatic nuclei are represented by circles exactly enclosing 
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the six carbon atoms. As drawn with full lines, they are producing their maximum 
obstructive effect (P, Q, and the two positions for maximum obstruction by S), and as 
drawn in broken lines, they are in the positions of minimum obstructive effect (Q’ and S’). 
The carboxyl group is shown as T (maximum obstructive effect) and as T’ (dotted ; 
minimum obstructive effect). Hydrogen atoms have been omitted : their effect may be 
taken as included in the 0-5 A. rind of the atoms to which they are attached. 


Fic. 8. Fic. 9. 


Fig. 8 shows that with P originally in the plane of the paper, Q’, S’, and T’ can be 
placed in their positions of minimum obstruction without mutual interference, and if P 
alone is rotated, T’ can pass Q’ and S’. With Q, S, and T in their positions of maximum 
obstruction there is clearly considerable interference. Fig. 9 shows the effect of introducing 
chlorine or methyl (R and R’). At position R there is marked interference with P, and at 


Fic. 10. Fic. 11. 
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Equivs. of acid per mol. of base. 




















R’ even greater interference with S. Nuclei Q and S in their positions of maximum obstruc- 
tion could not approach as near together as the diagram suggests. The bromine atom 
shown in Fig. 10 could not, in fact, approach as near to Q’ as the data used indicate, and this 
represents a greatly increased interference as compared with the molecules drawn in Figs. 8 
and 9. Rotation of one group (Fig. 10) involves rotation of the other two. 
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N-Benzoy]-4 : 6 : 4’-tribromodiphenylamine-2-carboxylic acid (F) should therefore 

possess much higher optical stability than the dichloro- and the dimethyl acid (B and C) 

previously considered. It might be expected to have an optical 

Br HO,C Br stability of approximately the same order as that of N-benzene- 

sulphonyl-8-nitro-l-naphthylglycine (Mills and Elliott, J., 1928, 

1291). If this were so, the addition curve should be of type II, but 

COPh only after each new portion of added acid had had time to produce 

(F.) its effect on the equilibrium. Fig. 11 shows the curves obtained 

for the addition of the tribromo-acid to nor-d-y-ephedrine in 

chloroform solution at room temperature. When 1 equiv. of acid is added to 1 equiv. of 

base, the originally dextrorotatory solution becomes levorotatory, and after 2} hours is 

slightly dextrorotatory. With 2 equivs. of acid, the dextro-mutarotation during the above 

time interval is much more marked. In this way the two curves F and F’ were drawn, the 

points for F’ being read 2 mins, after addition, and those for F after the rotation had become 

steady. It may be noted that F’ is not strictly of type I, although it is very different from 
F, , 


r 


With cinchonidine in chloroform the tribromo-acid gave the (equilibrium) addition curve 
F in Fig. 3, this being an extreme example of a type II curve owing to the rotation of the 
cinchonidine salt differing so very slightly from that of the base itself. It shows that, 
whereas nor-d-sb-ephedrine produces excess of a dextro-activation product, cinchonidine 
produces excess of a levo-activation product. Proof of this was also arrived at as follows : 
a chloroform solution of 5 equivs. of the acid and 1 equiv. of cinchonidine was rapidly 
evaporated in a vacuum to a glass, 7.¢., under conditions in which no crystallisation of salt 
occurred intermediately, so that there was excess of acid over base in the one phase up to 
the point of “ solidification.” The glass was dissolved in cooled pyridine, and the solution 
poured into cooled dilute hydrochloric acid. A solution in pyridine of the acid obtained was 
strongly levorotatory, but quickly became inactive (observed change at 18-5°: 0-80° during 
40 mins. after first wetting acid with solvent). 

These results showed that under suitable conditions it might be possible to realise an 
asymmetric transformation of Kuhn’s “‘ second order,”’ t.e., to isolate as a solid one of a pair 
of diastereoisomeric salts. After examination of several bases in different solvents, it was 
found that when the tribromo-acid and 1 equiv. of cinchonidine were warmed with acetone, 
a clear solution was quickly formed, but that after a few minutes’ warming rapid crystal- 
lisation set in, and almost the whole of the material which had been dissolved soon separated 
out as the optically pure cinchonidine d-salt of the tribromo-acid. It must be borne in mind 
that, although first-order asymmetric transformation in presence of cinchonidine in chloro- 
form solution produces /-salt; yet second-order asymmetric transformation depending on 
the solubility relations of the d- and /-cinchonidine salts in acetone produces the d-salt. 
This is in accordance with the van ’t Hoff—Dimroth rule (cf. Dimroth, Annalen, 1910, 377, 
127; 1913, 399, 91). The more soluble salt is the more stable. 

No quantitative study of optical activation has hitherto been made, and because our 
tribromo-acid appeared to provide suitable material for such an investigation, we have 
examined kinetically the attainment of equilibrium between base /-acid and base d-acid in 
chloroform solution and the effect upon this process of an excess of the racemic acid. 

When the cinchonidine salt of the d-acid is dissolved in chloroform, its strong positive 
rotation falls rapidly at room temperature according to the first-order law to an equilibrium 
value. We have made a detailed study of the mutarotation of the salt in chloroform 
solution at four different temperatures (6), with the following results : 


c. 6. k (found) (min.). & (calc.) (min), Half-life period (mins.). 
1-447 1-65° 0-00241 0-00241 125 
0-9500 11-9 0-0099 0-00975 30-4 
0-6000 17-6 0-0201 0-0204 15-0 
0-6360 29-4 0-0855 0-0855 3-5 


From the graph of log & against 1/T, the activation energy of the process was found from 
the Arrhenius equation to be 21,200 cals./g.-mol. The mean of four values of B was 
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1:86 x 104, and with the aid of this the calculated values of k were obtained and the 
experimental accuracy assessed. 

By extrapolation of the straight-line plots of log « against time (#), the initial rotations 
(t = 0) were determined. In this way the value of [a]sin « for the pure d-salt was found to be 
+ 194° (c = 0-6070). Considerable increase in concentration was found to have compar- 
atively little effect either on the initial specific rotation of the pure d-salt or on the velocity of 
mutarotation. Thus, for c = 2-125 in chloroform, [a]i§jY was + 192°.and k was 0-0206 
(min.~). 

From the values of E and B, the calculated velocity constant for the mutarotation of the 
d-salt at — 15° is 0-00020 (min.), whence the period of half-change is about 150 mins. At 
this temperature, therefore, it should be possible to carry out an ordinary resolution. This 
was done as follows: equivalent quantities of cinchonidine and the tribromo-acid were 
dissolved in warm acetone, and, as soon as crystallisation began, the whole was chilled to 
— 15°. Analmost theoretical yield of cinchonidine d-salt separated during the course of an 
hour, and by evaporating the strongly-cooled mother-liquor in a vacuum, a solid levorota- 
tory cinchonidine salt, subsequently shown to consist of 64% of base /-salt and 36% of base 
d-salt, was obtained. For the mutarotation in chloroform (c = 0-6000) of this /-salt, the 
value of k at 17-7° was found to be 0-0200 min.+. The calculated value of k at this temper- 
ature for the d-salt is 0-0206 min.+, and there is therefore no doubt that the observed con- 
stant is the same whether equilibrium is approached from the d- or from the /-salt. This 
should be so, as the measured rate constant is k, + hg, 7.e., the sum of the velocity constants 
for inversion of the d- and the /-salt respectively. It is the difference in these two rates that 
is primarily responsible for activation, and in this case A, is a little greater than k,. The 
specific rotation of the impure /-salt was found by extrapolation to zero time of observ- 
ations of the rotation of a mutarotating solution to be [«]fig; — 105°, and knowing the value 
for the pure d-salt and for the partial racemate (see below), we can calculate the composition 
of the specimen to be as given above. 

When the cinchonidine d-salt was dissolved in cooled pyridine, and the solution poured 
quickly into hydrochloric acid and ice, the d-form of the tribromo-acid separated. The 
velocity constants for the racemisation of this acid in absolute ethyl alcohol at three 
different temperatures.were determined, and the energy of activation of the racemisation 
process found to be 18,200 cals./g.-mol., B being 5-35 x 10%. The following table shows 
that there was satisfactory agreement between the found and calculated values of k : 


WIR, . bdo idea dtecnctaceencenecaviesesctacpexees 0-65° 9-5° 17-7° 
. & pera e 0-0157 0-0480 0-117 
Ps ls GUNES bacopoccancqecucasesnases stapes 0-016 0-047 0-116 


Decomposition of the impure /-salt in a similar way gave a sample of the -acid, which was 
sufficiently pure for the measurement of its velocity constant of racemisation in absolute 
ethyl alcohol : & for 0-85° and c = 1-1970 was 0-0165 (min.). Racemisations of the d-acid 
in ethyl alcohol at 0-65° and for the /-acid under the conditions just mentioned are shown in 
curves in Fig. 12. Racemisation of the d-acid was appreciably faster in chloroform than in 
alcohol (, found, at 17-8°: 0-155 min.+ for c = 0-3925). 

By calculation, the specific rotation of the pure cinchonidine /-salt is [«]}ij7 — 274° 
(c = 0-6070 in chloroform) and [«]}%; — 270° (c = 2-125). The specific rotation of the 
partial racemate (cinchonidine di-salt) in chloroform was determinable directly, since the 
actual rotational change during the first 2 or 3 mins. after making up the solution is very 
small. The value of [a]ii; was — 40-4° for c = 0-6070, and — 39-1° for c = 2-125; since 
each figure is the mean of several determinations, the small difference must be considered 
as outside the experimental error, and account of it is kept in the subsequent calculations. 

A large number of determinations of the equilibrium rotation approached from base + 
d-acid, from base + /-acid, and from base + dl-acid gave the value [a]}ir — 44:5° forc = 
0-6070 and — 43-1° for c = 2-125, in chloroform; here again the effect of concentration is 
seen to be small, but definite. From the difference, — 4-1° (c = 0-6070) in specific rotation 
due to optical activation, between the value for the partial racemate and that for the equili- 
brium mixture, the equilibrium constant, K, is 1-035 : at equilibrium, the composition is 
50-9% /-salt and 49-1% d-salt. A similar calculation for c = 2-125 gives the same figures 








1654 Jamison and Turner : 

for equilibrium composition ; so that since k, + k, as measured for the d-salt is 0-0206, 2, = 
0-0105 and k, = 0-0101 min.-, at either concentration, assuming that we are here dealing 
with the simple equilibrium d-salt == /-salt (see later). Increase in concentration thus has 


very little if any effect on the amount of activation when base and acid are present in 


equivalent proportion. 
That an excess of dl-acid not only increases the extent but also accelerates the process of 
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an activation was first shown by three experiments carried out with the tribromo-acid and 
nor-d-y-ephedrine in chloroform solution. This particular base was chosen to demonstrate 
the point as it gives a larger effect than cinchonidine for small excesses of acid, as can be seen 
by comparing curves F in Fig. 3 and Fig. 11. The approach to equilibrium obeys the first- 
order law. The following results were obtained : 
Equivs. of acid per mol. of base 2-0 3-0 
TURIEDS..cosaecacsivennatqurepnsncnsonsnnechiannsiarssanete 17-7° 17-7° 17-5° 
k (min.~) 0-022 0-044 0-059 
The concentration of nor-d-y-ephedrine was 0-7010 in all three determinations. The 
logarithmic plots of the results (Fig. 13) clearly demonstrate the accelerating effect of excess 
of acid on the speed of asymmetric transformation. 
We next examined the approach to equilibrium in the case of the tribromo-acid and 
cinchonidine in chloroform solution, using the ratio base: acid = 1:2. For d-salt + 1 
mol. excess of acid and for /-salt + 1 mol. excess of acid, at c = 0-6070, the approach to 
equilibrium (Fig. 14) followed the first-order law, the two rates being identical (see table 
below and logarithmic plots, I and II, in Fig. 15). At a higher concentration (c = 2-125), 
activation, #.e., approach to equilibrium from cinchonidine + 2 mols. of acid, could also be 
measured, and the rate constant proved to be identical with that for the d-salt + 1 mol. 
excess of acid at the same concentration. This is seen from the table below and also from 
the logarithmic plots IV and III in Fig. 15: 
c = 0-6070. d-Salt + 1 mol. excess of dl-acid: k (18-0°) -0704 min.-? 
c = 06070. J-Salt + 1 mol. excess of dl-acid : k (18-1°) 0692 ,, 
c¢ = 2-125. d-Salt + 1 mol. excess of dl-acid: k (18-4°) ‘0562s, 

c = 2-125. 1 Mol. cinchonidine + 2 mols. dl-acid : k (18-4°) 056, 
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The value 0-0704 for the d-salt and excess of acid is the most trustworthy as it was 


obtained from a large number of polarimetric readings. That for the /-salt and excess of 
acid was obtained from a more restricted set of rotations, and that for the activation from 
data even more restricted, although sufficient for the purpose. In view of the satisfactory 
agreement of the first two pairs of rate-constants in the above table, it may be assumed that 
k for 18° and c = 0-6070 is 0-0704 min., and that & for 184° and c = 2-125 is 0-0562 
min."}, 
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Before discussing the results it is convenient to summarise some of the figures for the 
kinetic measurements : 
Cinchontdine salt of tribromo-acid. 


c. k (~18-0°). 
1-0 Equiv. of salt + 0-0 equiv. Of acid  ..........sseeeeeeeee 0-6000 0-0201 
1-0 Equiv. of salt + 1-0 equiv. of acid  .............eeeeeeee 0-6070 0-0704 
1-0 Equiv. of salt + 1-0 equiv. Of acid  ..........,eeeeeeeeee 2-125 0-0562 
0-0 Equiv. of salt + 1-0 equiv. of acid ............eeeeeeeee 0-8330 0-155 


(In the last case, c is ‘‘ calculated ”’ as salt.) 


Discussion. 


Read and McMath (J., 1925, 127, 1572), who were the first to observe optical activation 
in solution, found that the equilibrium composition of a solution of /-hydroxyhydrindamine 
l-chlorobromomethanesulphonate and the corresponding /-base d-salt in acetone was: 
l-Base J-acid, 81%; /-base d-acid, 19%. They explained this by saying that ‘the /-base 
transforms the dl-acid largely to /-acid,” the base providing an “‘ asymmetric influence.” 
They found that the effect produced in acetone was not produced in methyl alcohol, water, 
or glacial acetic acid; they were unable to employ other non-hydroxylic solvents owing to 
the insolubility of the salts. 

Kuhn and Albrecht (Annalen, 1927, 455, 272) found that 4 : 4’-dinitrodiphenic acid gave 
a strongly d-rotatory quinine salt, and Kuhn (loc. cit.) described this result and that of Read 
and McMath as due to an “ asymmetric transformation of the first order.’’ Lesslie and 
Turner (J., 1934, 347), using diphenic acid, obtained results similar to those of Kuhn and 
Albrecht : their conclusions and Kuhn’s were criticised by Kharasch, Senior, Stanger, and 
Chenicek (J. Amer. Chem. Soc., 1934, 56, 1646). It is clear from the present work that the 
interpretation of addition curves for dibasic acids in presence of bases is complicated. An 
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explanation of the “‘ mutarotations’’ observed by Lesslie and Turner will shortly be 
published. It will be remembered that the optical rotation of the hydrochlorides of the 
cinchona alkaloids is greatly altered in presence of excess of hydrochloric acid (Emde, 
Helv. Chim. Acta, 1932, 15, 557), and a similar effect must be involved in the results of 
Lesslie and Turner and of Kharasch and his co-workers. 

Mills and Elliott (loc. cit.) referred briefly to the fact that, in the case of the brucine salt 
of N-benzenesulphonyl-8-nitro-1-naphthylglycine in chloroform, optical activation could be 
followed polarimetrically, and added that a compound d-base d-acid might be more stable 
than d-base /-acid “‘ because, for example, of the closer fitting of the two components of the 
salt or because of a difference between the coefficients of partial racemisation of the two 
diastereoisomerides.”” They observed also that the equilibrium between their brucine 
salts in solution was slightly disturbed by the addition of a small excess of acid, and 
attributed this to a dissociation effect. 

Pfeiffer and his co-workers (Ber., 1931, 64, 2667; 1932, 65, 560; 1933, 66, 4157) 
described several examples of optical activation in aqueous solution of metal complexes of 
the type [Metal («a-phenanthroline),]**, and these Kuhn (loc. cit.) regarded as “ first-order ”’ 
transformations. 

As regards the present work, the first point which must be discussed is the significance of 
the addition curves, and it must be emphasised that the complete analysis of all types of 
addition curves is not even attempted at this stage. The results obtained so far indicate 
that the kind of asymmetric transformation indicated by an addition curve occurs more 
extensively in non-hydroxylic than in hydroxylic solvents. This we think can be explained 
as follows : if equivalent proportions of an optically stable, optically active base, R,N, and 
the racemic form of an optically stable active acid, HA, are dissolved together in a 


hydroxylic solvent, R-OH, the solution in general will contain the three ions, R,NH pe ok 


d-A and I-A, and the existence of either of the two diastereoisomeric salts can with cer- 
tainty only be associated with the appearance ofa solid phase. On the other hand, in a non- 
hydroxylic solvent, the two diastereoisomerides are actually present in solution, being now 
non-ionic forms of the type, R,N ...H...A. If the acid HA, although capable of exhibit- 
ing optical activity, were optically unstable, the two diastereoisomerides, which would as a 
rule possess different molar free energies, would pass one into the other until, the energy 
relations being satisfied, equilibrium was established. In the case of an acid of extreme 
optical instability, equilibrium would be established almost instantaneously : this would be 
an example of an asymmetric transformation of the first order. 

The equilibrium which must be set up in.such a solution, in a non-hydroxylic solvent is 


+ 

R,N + d- a R,N,d-HA 

en 
R,N + /-HA = R,N,/-HA 
7 
where K, and Kg are the equilibrium constants for the interconversion of the free active 
acids and the undissociated salts, respectively, and K and K are the equilibrium constants 
for the dissociation of the latter. If § and S are the concentrations of the d- and the 
l-salt, A and A those of the active acids, and B that of the free base, then 
Kz = 5/5 = KBA|KBA = K,K|K 
The observed rotation is the sum of the five partial rotations corresponding with 
5, 5, A, A, and B. 
If we apply the above statement of equilibrium to the case in which HA is configur- 

ationally symmetrical, K, and Kg have no significance, and the addition curve must be of 
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type I (Fig. 16, OD), except in so far as the rotation in concentrated solution is modified by 
the fact that the solvent is changing (t.e., from pure solvent to solvent plus more and more 
acid—‘ strong solution effect 4% 

If HA is the racemic form of an optically stable asymmetric acid, K will in general 


differ slightly from K, whilst K , and Kg are indeterminate, since there is no interconver- 
sion corresponding to them. Addition of excess of acid could therefore change the observed 


rotation owing to the decreases in A and A and the increases in § and S, as required by 
the mass law. But if at the outset the salts are 








dissociated to a very small degree only, thiscould | Fic. 16. 
not cause any great departure of the slope ofthe |% 
curve from strict typeI. All the curves for non- 3 B D IB 
hydroxylic solvents, by turning sharply at the <, 
point corresponding to acid: base = 1, demon-. — 
strate the fact that dissociation must beextremely & | C Cc 
slight. 82 
When HA is the racemic form of a con- ¥ 
figurationally dissymmetric acid of low optical o 
stability, the strong solution effect and the ¢7 0 
dissociation effect are still applicable, but there ‘$ 
is also the possiblity of optical activation giving = 











a change of rotation. The truth of this. is a. 

admirably demonstrated by curves F’ and F 

(Fig. 11), where all extraneous effects must be contained in F’ and the sum of these, plus 
optical activation, in F. 

In the case of the optically unstable acids, K, and Kz first take on a real significance. 
Let us first assume that as excess of acid is added Kg remains constant, The change in 
rotation due to salts on addition of excess of acid would be expected to be very small, and 
any great change must be due to a change in the difference between the amounts of d~HA and 
l-HA present. 

If K, were equal to unity, a type I curve would result (Fig. 16, OD), but if it were 
unequal to unity and constant, a straight line such as OC or OC’ (Fig. 16) would be obtained. 
In practice, the curves (OB or OB’; Fig. 16) begin linearly, but tend to become vertical 
later ; in other words, K, is at first unequal to unity, but approaches this value with larger 
excesses of acid. 

The explanation of the shape of the curves would therefore appear to be that when small 
excesses of acid are added to the solution of the salt the asymmetric environment is strong 
enough to maintain a value of K, not equal to unity and give the acids, d~-HA and /-HA, 
different free energies: but that, as more and more acid is added, the asymmetric 
environment becomes less and less effective, and the difference between the amounts of 
d-HA and /-HA present increases more slowly than corresponds to the initial proportionality 
with the total quantity of free acid present ; 7.¢e., the rotation asymptotically approaches a 
constant value. 

If K, can alter as the concentration of acid relative to base increases, so also can Kg. 
The partial rotation of the salt will then change, at first proportionately to the excess of 
acid, and later at a slower rate, just in the same way as the partial rotation of the free acid. 
The addition curve will record the algebraic sum of these two effects. 

It remains to consider the kinetics of approach to equilibrium. In the case of 1 equiv. 
of salt and 1 equiv. of (optically unstable) acid, it can be shown that the approach must 
follow the first-order law. To the notation already employed, add the rate constants, k{ 
for the reaction d-HA -> /-HA; &j for the reaction /HA -> d-HA; hj for the reaction 
R,N,d-HA > R,N,/-HA; and 4 for the reaction R,N,/-HA > R,N,d-HA. Ina straight- 
forward racemisation, ki = kz, but it must be assumed that the effect of an asymmetric 
environment is to make these values different. 


The equilibria represented by K and K are in all probability very rapidly established, 
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and therefore their rate constants can be ignored, If-it is assumed that there is a negligible 
accumulation of free active acid, the amount of R,N,/-HA disappearing in a particular unit 
of time is equal to the amount of R,N,/-HA which is directly converted into R,N,d-HA, 
plus the amount converted through /-HA into d-HA, minus the amount of R,N,d-HA which 
is converted into R,N,/-HA directly, minus the amount converted via d-HA into /-HA, i.e., 


— dS/dt = kA — kA + hg S — RES 
and since A = S/KB and A = S/KB 


- = + 
-¢-{2 + tals — (7% + aah 
KB KB 


= + - = 
Let Sg be the concentration of R,N,/-HA at zero time, 7.e., S=S,j—S. Then the 
equation is of the form of a reversible unimolecular reaction, the quantities in brackets 
taking the place of k, and k,. The integrated form is 


1 
i= a log, = 
+e the t+ S 
KB KB 
The conversion is therefore exponential, and the measured rate constant, R, is 


~ + 
k = kj /KB + ki/KB + kg + hg 

It can be seen from this equation that the addition of small excesses of acid (insufficient 
to invalidate the simplifying assumption that there is no considerable accumulation of free 
active acid) would increase k by decreasing B. 

The end result of adding a large excess of acid must be to approach asymptotically the 
rate of racemisation of the acid itself. In the case of the tribromo-acid, we have measured 
this rate of racemisation : the rate constant is about twice that for the active salts in 
presence of 1 mol. excess of acid, and this second rate in turn is about 3-5 times that for the 
pure salts themselves. All three processes were of the first order kinetically : the mathe- 
matical analysis shows that this should be true when excess of acid is present in very small 
amounts or in very large amounts, but the general case of intermediate excesses of acid has 
not been investigated theoretically. 

It has hitherto been thought that in a first-order asymmetric transformation the two 
diastereoisomerides alone contribute to the total rotation at equilibrium. This must be 
true if the salts are completely undissociated, but the results now obtained suggest that, 
if there is any dissociation, the free acid will consist of rather more of one enantiomeride 
‘than of the other. When excess of acid is added, this slight disparity will increase. Asa 
result of the interaction of asymmetric environmental factors, the proportions of the two 
diastereoisomerides must also be altered in presence of excess of acid, and the combined 
effect of these two changes is shown in an addition curve, in which a very small effect 
present when base and acid are in equivalent amounts is magnified, and so may first become 


observable. 


o i 





EXPERIMENTAL. 
(All values of & are given in terms of min.-.) 


Addition Curves.—The following notes explain the method used. All readings were made in 
an all-glass Hilger 2-dm. tube at 17—18°. 

Figs. l and 2. Initial solution : 0-1051 g. of nor-d-g-ephedrine in 14-5 c.c. of chloroform. 

Fig. 3. Initial solution : 0-1000 g. of cinchonidine in 14-5 c.c. of chloroform. 

Figs. 4 and 5. Initial solution; 0-1000 g. of cinchonidine or the equivalent amount of 
another alkaloid in 14-5 c.c. of chloroform. 

Fig. 6. Initial solution: 0-0514 g. of nor-d-y-ephedrine in 14-5c.c. of solvent. An acetone 
solution of the base mutarotates rapidly, presumably owing to combination of base and solvent. 
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The neutral salt did not mutarotate, and the addition curve is therefore normal above the 
1: 1 point. ; 

Fig. 11. For each point, the requisite amount of the tribromo-acid was placed in a glass 
tube, 19-3 c.c. of dry chloroform added, and the tube sealed. By placing the tube in boiling 
water, complete dissolution was effected in a few minutes. The cooled tube was opened, 
0-1353 g. of nor-d-J-ephedrine added, and the rotation determined 2 mins. after mixing. Some 
of the more concentrated solutions used were actually supersaturated with acid, but the latter 
did not crystallise out during the period over which observations were made. 

Formation of 1-N-Benzoyl-4: 6: 4'-tribromodiphenylamine-2-carboxylic Acid by Optical 
Activation.—A solution of 2 g. of the dl-acid and 0-2 g. of cinchonidine in 30 c.c. of chloroform 
was evaporated in a vacuum vesselina vacuum. The residue was dissolved in 5 c.c. of pyridine 
at —10°, and the selution poured into dilute hydrochloric acid and ice. The precipitated acid, 
after being dried in a vacuum, was dissolved in 16 c.c. of pyridine. The following observations 
were made at 18-5° (J = 2): 

Time (mins.) ......... 0-0 0-8 1-2 1-5 2-5 3-1 3-6 4:3 
dans —1-33° —1-22° —1-19° —1-17° —1-07° —1-03°  —0-98° —0-93° 
Time (mins.) ......... 4-7 5-6 6-1 6-8 8-1 9-5 10-9 13-0 
anak —0-90° ~—0-87°  —0-84° -—0-78° ~—0-75° —0-70° —0-65° —0-60° 


Time (mins.) ......... 15-0 17-0 20-0 23-0 28-0 40-0 ) 
—0-55° —0-56° —0-53° _ —0-51° —0-51° —0-48° —0-01° 


Preparation of Cinchonidine d-N-Benzoyl-4 : 6 : 4'-iribromodiphenylamine-2-carboxylate.— 
16-59 G. of the dl-acid were dissolved in 250 c.c. of acetone, and 8-82 g. (1 mol.) of cinchonidine 
added in fine suspension in a further 250 c.c. of acetone : on warming, all went into solution. 
The solution was filtered and, on keeping, deposited 23 g. (90-5% of the theoretical quantity) of 
the d-salt in rosettes of colourless needles, which were dried first in air and then in a vacuum. 
It was found subsequently that the deposition was greatly accelerated if the solution was kept 
gently boiling, the salt then being completely precipitated in a few minutes (yield, 94%) (Found : 
C, 55-3; H, 3-9; Br, 27-7. C,,H,,0,N,Br, requires C, 55-2; H, 4-0; Br, 28-3%). 

Mutarotation of Cinchonidine d-N-Benzoyl-4 : 6 : 4'-tribromodiphenylamine-2-carboxylate.— 
This, and all similar measurements described in this paper, were made in a 2-dm. water-jacketed 
observation tube, the temperature of which was constant to + 0-05°. Allreadings in mutarota- 
tions are for A 5461. The solvent, chloroform, was ‘‘ AnalaR”’ quality, dried over sodium 
sulphate. 

(a) Temp., 17-6°; c = 0-6000; a, = the difference between the reading at time ¢ mins. and 
the final reading att =. Readings were begun 1-5 mins. after the salt had been wetted with 
solvent. 

Time after Time after Time after 
1-5 mins. Oye k. 1-5 mins. Oye k. 1-5 mins. a; k. 
0-0 2-65° — 7-5 1-86° 0-0205 13-5 1-407° 0-0204 
, 2-26 0-0206 , 1-84 0-0198 15-5 1:27 0-0206 
: 2-22 0-0192 . 1-75 0-0200 17-5 1-16 0-0205 
2-16 0-0197 ° 1-72 0-0197 19-5 1-05 0-0206 
2-125 0-0192 ; 1-66 0-0203 25°5 0-773 0-0210 
2-02 0-0196 . 1-60 0-0198 27:5 0-707 0-0208 
1-96 0-0201 . 1-55 0-0202 30°5 0-617 0-0208 
1-93 0-0197 12: 1-51 0-0204 37-0 0-457 0-0206 


The values of «, after ¢ = 12 are each the mean of three readings, one taken $ min. before and 
one $ min. after the time stated. The observed rotation changed from + 2-10° to — 0-55". 
Mean k = 0-0201. 

(b) Temp., 1-65°; c = 14470; mean k = 0-00241 (limits, 0-00239 and 0-00246). This is 
the mean of 23 values of k, each corresponding to the mean of three readings taken at (¢ — 0-5) 
mins., at ¢ mins. and at (¢ + 0-5) mins. 

(c) Temp., 11-9°; c = 0-9500; & =: 0-0099, this being the mean of two values obtained from 
two different experiments (k = 0-00105 and k = 0-0093). 

(d) Temp., 29-4°; c = 0-6360; & = 0-0855 (limits, 0-0834 and 0-0871). This i: the mean of 
19 values, each obtained from one reading : it was impossible to group the readings and take 
mean values owing to the speed of rotational change. 

(e) Temp., 18-0°; c = 2-125; k = 0-0206 (limits, 0-0198 and 0-0211), the mean of 52 values. 

Resolution of Cinchonidine N-Benzoyl-4 : 6 : 4'-iribromodiphenylamine-2-carboxylate at — 15°.— 
A mixture of 2-94 g. of cinchonidine and 5-56 g. (1 mol.) of the dl-acid was warmed with 150 c.c. 

5P 
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of pure acetone until dissolution was complete and the d-salt began to separate. The whole was 
at once chilled to — 15° and kept at this temperature with occasional stirring foran hour. The 
d-salt, 3-85 g., i.e., 90% of that theoretically possible, was filtered off, and the filtrate placed in a 
vacuum vessel and evaporated as quickly as possible. The finely ground residue was used as 
crude /-salt. 

Mutarotation of Cinchonidine 1-N-Benzoyl-4 : 6 : 4'-tribromodiphenylamine-2-carboxylate.— 
Temp. = 17-7°; c = 6-0000; solvent, chloroform. Observations were begun 5 mins. after the 
salt had been wetted with solvent. The observed reading changed from — 1-2° to — 0-55°. 
After 4-5 mins., readings given are each the mean of three taken at (¢ — 0-5), ¢, and (¢ + 0-5) mins. 


Time after Time after Time after 
5-0 mins. ay: k. 5-0 — ay. k. 5-0 mins. a. k. 
0- “0 0-58° 0-49° 0-0195 14-0 * 0-303° 0-0212 
0-56 . 0-45 0-0208 16-0 0-287 0-0200 
0-55 . 0-41 0-0207 19-0 0-247 0-0203 
0-54 . 0-377 0-0202 22-0 0-213 0-0204 
0-51 5 0-347 0-0198 26-0 0-173 0-0207 


0-50 
Mean & = 0-0200. 


Preparation of d-N-Benzoyl-4 : 6: 4'-tribromodiphenylamine-2-carboxylic Acid.—The pure 
cinchonidine d-salt was dissolved by grinding with pyridine at — 15°. The solution was 
filtered at the same temperature into ice and dilute hydrochloric acid. The precipitate was 
washed with dilute hydrochloric acid and water, and dried in a vacuum (Found: Br, 42-6. 
Calc.: 43-3%). 

The partly racemic /-acid was similarly obtained from the crude cinchonidine /-salt. 

Racemisation of d-N-Benzoyl-4 : 6 : 4'-tribromodiphenylamine-2-carboxylic Acid.—Solvent : 
absolute ethyl alcohol. 

(a) Temp., 0-65°; c = 1-0110. The first reading was made 3 mins. after wetting the acid 
with solvent: k = 0-0157. The readings are plotted in Fig. 12. 

(b) Temp., 9-5°; c = 1-0650. Readings were begun 3-46 mins. after wetting acid with 
solvent. The mean value of k was 0-048 : the values of «, calculated by using this value of & are 
given below side by side with the observed readings in order to indicate the order of wreneeed 
attained : 

Time after Time after Time after 
3-46 mins. a (found). a (calc.). 3-46 mins. a (found). a (calc.). 3-46 mins. a (found). a (calc.). 

0-00 +1-39° — 5-86 +0-72° 0-72° 10-43 +0-44° 0-44 

1-28 1-20 1-20° 6-29 0-675 0-69 11-37 0-38 0-39 

2-07 1-11 1-105 6-85 0-65 0-65 12-24 0-36 0-36 

2-48 1-04 1-055 7-34 0-60 0-60 13-18 0-32 0-32 

2-93 0-99 1-00 8-49 0-55 0-54 15-12 0-24 0-26 

4°31 0-86 0-86 8-91 0-51 0-515 16-79 0-21 0-215 

4:77 0-81 0-82 9-35 0-49 0-49 17-43 0-20 0-20 

5-34 0-77 0-77 9-79 0-46 0-47 

(c) Temp., 17-7°; ¢ = 1-1060. The first reading was made 2-15 mins. after wetting acid 
with solvent: & = 0-117 (mean of 13 values; limits, 0-126 and 0-101). 


Solvent ; chloroform. 

(a) Temp., 17-5°; c = 0-3925 (equivalent to c = 0-6000 for salt): k = 0-15 (limits, 0-17 and 
0-14). 
(6) Temp., 17-8°; c = 03925: & = 0-16 (limits, 0-18 and 0-13). 

Racemisation of 1-N-Benzoyl-4: 6: 4'-tribromodiphenylamine-2-carboxylic Acid.—Temp., 
0-85°; c¢ = 1-1970. Solvent, absolute ethyl alcohol. Readings were begun 5-0 mins. after 
wetting acid. After 20 minutes, each reading is the mean of three. 


Time after Time after Time after 
5-0 mins, Og Rk. 5-0 mins. Oy. k. 5-0 mins. ‘ k. 
0-0 —1-80° — 11-0 —1-18° 0-0167 25-0 - 0-0162 
4 1-55 . 12-0 1-135 0-0167 30-0 . 0-0166 
6- 1-44 . 14-0 1-05 0-0167 35-0 . 0-0164 
7: 1-38 15-0 1-01 0-0167 40-0 . 0-0167 
8: 1-32 . 16-0 0-98 0-0164 45-0 "34 0-0161 
9 1:27 . 20-0 0-83 0-0168 140-0 - 
10-0 1-23 


whence k = 0-0165. 
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Optical Activation of N-Benzoyl-4 : 6 : 4'-tribromodiphenylamine-2-carboxylic Acid with Nor-d- 
y-ephedrine.—(a) Base: acid = 1: 1-25 mols. The base (0-1353 g.) was dissolved in a 
solution of 0-6207 g. of acid in 19-3 c.c. of chloroform at 17-7°. Readings were begun 3 mins. 
after mixing, and changed from — 0-09° to + 0-36°. 

Time after 3-0 mins. .............0+0++ : 2-0 
0-41° 
0-0202 
Time after 3-0 mins. ...............00 10-0 13-0 
0-27° 0-233° 
0-0222 0-0220 


whence k = 0-0220. 

(b) Base: acid = 1:2 mols. The base (0-1353 g.) was dissolved in a solution of 0-9930 g. 
of acid in 19-3 c.c. of chloroform at 17-7°. Readings were begun 2-8 mins. after mixing, and 
changed from + 0-33° to + 1-05°. 

Time after Time after Time after 

2-8 mins, ay. k. 2-8 mins. . k. 2-8 mins. . k. 
0-72° — 0-0435. 11-7 0-0440 
0-55 0-0425 0-0458 13-2 . 0-0438 
0-51 0-0440 0-0437 13-7 0-0439 
0-48 0-0457 0-0446 14-2 — e 0-0442 
0-47 0-0431 0-0439 16-7 0-0451 
0-45 0-0425 0-0446 19-2 0-0453 
0-40 0-0451 0-0443 23-7 0-0446 
0-36 0-0453 


whence k = 0-044. 

This experiment was repeated under similar conditions and gave k = 0-044 (limits, 0-042 and 
0-048). 

(c) Base: acid = 1:3 mols. Toa solution of 1-4896 g. of acid in 19-3 c.c. of chloroform at 
17-7° was added 0-1353 g. of nor-d-y-ephedrine. Readings were begun 3-25 mins. after mixing, 
and changed from + 0-73° to + 1-54°. Allreadings given after 10 minutes are means of three. 


Time after Time after Time after 
3-25 mins. Ay k. 3-25 mins. Oye k. 3-25 mins. Oy. k. 
0-00 0-81° _ 4-65 0-43° 0-059 8-35 0-26° 0-059 
2-20 0-60 0-059 5-05 0-40 0-061 10-25 0-20 0-059 
2-65 0-56 0-060 5-55 0-38 0-059 12-25 0-153 0-059 
3°85 0-49 0-0565 6-55 0-33 0-0595 14-75 0-107 0-0595 
4:3 0-46 0-057 
whence k = 0-059. The plots of log « against time for the last three experiments are given in 
Fig. 13. 
(ad) Base: acid = 1 = 1-83 mols. Temp., 0-80°. 0-1030 G. of nor-d-~J-ephedrine was added 
to a solution of 0-6950 g. of acid in 15 c.c. of chloroform: k = 0-0073 (limits, 0-0069 and 0-0076). 
Mutarotation of Cinchonidine Salts of N-Benzoyl-4 : 6 : 4'-tribromodiphenylamine-2-carboxylic 
Acid in Presence of One Molecule Excess of the dl-Acid.—(1) At c = 0-6070. 
(a) d-Salt. The pure d-salt (0-1214 g.) was dissolved at 18-0° in 20 c.c. of a chloroform solu- 
tion of 0-0794 g. of the di-acid. 
(i) Polarimetric readings (c = 0-6070) were begun 2-6 mins. after mixing. 
Time after Time after Time after 
Qj k. 2-6 mins. a. k. 2-6 mins. Oy. k. 
1-60° — 3-55 0-91° 0-0690 6-15 0-59° 0-0704 
1:30 0-0693 . 0-865 0-0703 6-55 0°55 0-0708 
1-22 0-0713 0-79 0-0713 » 0-53 0-0695 
“1-17 0-0715 0-76 0-0710 “ 0-48 0-0702 
1-13 0-0702 0°74 0-0698 0-45 0-0697 
1-07 0-0713 0-70 0-0703 . 0-40 0:0717 
1-03 0-0709 0-66 0-0712 “95° 0-38 0-0697 
0-99 0-0719 0-64 0-0698 . 0-29 - 0-0703 
0-96 0-0725 
whence k = 0-0706. 
(ii) and (iii) The above experiment, repeated under the same conditions, gave k = 0-0708 and 
k = 0-0697. Mean of (i). (ii), and (iii): & = 0-0704. 
(6) 1-Salt. The determination of # was carried out exactly as for the d-salt: ky... = 0-0692. 
(2) At c = 2-125. 
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0-425 G. of d-salt was dissolved at 18-4° in a solution of 0-278 g. of di-acid in 20 c.c. of chloro- 
form. Readings were begun 3-7 minutes after mixing. 


Time after Time after Time after 

3-7 mins. %- k. 3-7 mins. ay. k. 3-7 mins. 
5-66° —: ° 2-40° 0-0560 16-7 
5-14 0-0571 ° 2-29 0-0561 17-0 
4-86 0-0552 . 2-18 0-0564 17°45 
4-69 0-0544 . 2-09 0-0562 178 
4-52 0-0543 ° 1-96 0-0558 18-15 
4-03 0-0557 , 1-86 0-0565 18-45 
3-87 0-0566 . 1-59 0-0563 19-0 
3-71 0-0556 , 1-53 0-0562 19-5 
3-56 0-0560 ° 1-47 0-0563 20-0 
3-41 0-0564 . 1-33 0-0564 20-5 
3-23 0-0560 : 1:26  0-0565 20-95 
3-09 0-0559 ‘ 1-ll 0-0561 21-35 
2-97 0-0560 , 0-87 0-0563 22-8 
2-86 0-0565 ° 0-77 0-0563 24-8 
2-71 0-0560 _15- 0-73 0-0556 29-8 
2-56 0-0560 . 0-68 0-0564 
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whence mean k = 0-0562. 

Optical Activation of N-Benzoyl-4 : 6: 4'-tribromodiphenylamine-2-carboxylic Acid (2 Mols.) 
by Cinchonidine in Chloroform atc = 2-125.—0-147 G. of cinchonidine was dissolved in 20 c.c. of 
a chloroform solution containing 0-556 g. (2 mols.) of the di-acid at 18-1°._ Readings were begun 
3-85 minutes after mixing. 

Time after 3-85 mins. 0-0 1-05 1-85 3-0 3-7 4-35 5°15 7-15 10-65 
0-48° 0-43° 0-37° 0-34° 0-31° 0-29° 0:217° = 0-127° 
0-0564 0-0578 0-0574 0-0565 0-0572 0-0540 0-0565 0-0598 


whence k = 0-0574. 
In a second experiment, readings were started 4-1 mins. after mixing : 


Time after Time after Time after 
4-1 mins. a. k. 4-1 mins. a. k. 4-1 mins. %. kA 


0-0 0-54° _— 3-1 0-36° 0-0568 7-9 0-20° 0-0546 
0-45 0-51 0-0551 3°85 0-34 0-0522 10-4 0-15 0-0535 
1-9 0-42 0-0575 4:35 0-32 0-0523 17-4 0-057 0-0560 
2:3 0-41 0-0520 5-9 0-27 0-0510 20-9 0-043 0-0527 


2-75 0-38 0-0555 


whence mean & = 0:0541. 
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312. Researches on the Polypyridyls. 
By Francis H. BuRSTALL. 


It was already known that bromination of pyridine in the vapour phase at 500° 
led to 2-bromo- and 2: 6-dibromo-pyridine, and it is now found that application 
‘of this process to 2: 2’-dipyridyl gives mainly 6-bromo- and 6 : 6’-dibromo-2 : 2’-di- 
pyridyl. Moreover, bromination of 2 : 6-di-2’-pyridylpyridine (2 : 2’ : 2’’-tripyridyl) 
also furnished mono- and di-brominated compounds in which the bromine atoms 
occupy positions adjacent to the two terminal nitrogen atoms of the triamine. These 
brominated bases react either singly or two together with copper powder in a diphenyl 
medium, producing polypyridyls of known constitution and containing two, three, 
four, five or six pyridine rings. For example, a mixture of 2-bromo- and 2: 6-di- 
bromo-pyridine and copper powder in boiling diphenyl furnishes 2 : 2’-dipyridy]l, 
2 : 6-di-2'-pyridylpyridine (2: 2' : 2’-tripyridyl) and 6 : 6'-di-2”-pyridyl-2 : 2'-dipyridyl 
(2: 2’: 2": 2’ -tetvapyridyl). The brominated 2: 2’-dipyridyls and 2: 2’: 2”-tri- 
pyridyls react in a similar way. Moreover, the halogen atoms in these brominated 
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polypyridyls can be readily replaced by amino-, cyano-, or carboxyl groups. Following 
_ on earlier work by Wibaut on the dehydrogenation of benzene and pyridine with 
iodine, it has been found that 2 : 2’-dipyridyl and iodine at 310° furnish a good yield 
of 6 : 6’-di-2’’-pyridyl-2 : 2’-dipyridyl, together with a smaller proportion of an isomeric 
tetrapyridyl of unknown constitution. These two tetramines are also formed when 
2: 2’-dipyridyl is heated with anhydrous ferric chloride or ruthenium trichloride, 
but in these instances the yields are low. Both 4: 4’-dipyridyl and 3: 4’-dipyridyl 
furnish tetrapyridyls with iodine, and there is some evidence that the union of the 
two dipyridyl radicals is adjacent to the nitrogen atoms. 2 : 6-Di-2’-pyridylpyridine 
and iodine above 300° yield 6: 6’-di-6’'-(2” : 2’’-dipyridyl)-2 : 2'-dipyridyl 
(2:2': 2: 2'" : 2’: 2’ -hexapyridyl), the constitution of which has been determined 


by synthesis. 


POLYPYRIDYLS are bases in which two or more pyridine rings are linked (but not fused) 
together. Several derivatives of pyridine which have proved of considerable importance in 
the synthesis of higher members of the polypyridyl series are now mentioned. Bromin- 
ation of pyridine in the vapour phase at 500° leads to good yields of 2-bromopyridine (II) 
and 2 : 6-dibromopyridine (III) (Den Hertog and Wibaut, Rec. Trav. chim., 1932, 51, 381) 
which are free from isomeric mono- and di-bromopyridine. The bromine in 2-bromo- 

pyridine, and to a less extent 2 : 6-dibromopyridine, is readily replaced by other groups 
such as amino, hydroxy, ethoxy, piperidyl, cyano, etc. (idem, ibid., 1935, 55, 122) when these 
brominated pyridines are heated with suitable reagents. 

Dipyridyls—Of the six isomeric dipyridyls, the present communication is concerned 
chiefly with 2 : 2’-dipyridyl (IV), which possesses noteworthy properties as a co-ordinating 
group with metallic salts. The following processes have been devised for its production : 
(1) pyrolysis of cupric picolinate (Blau, Monatsh., 1888, 21, 1077), (2) pyrolysis of pyridine 
at red heat (Meyer and Hofmann-Meyer, J. pr. Chem., 1921, 102, 287), (3) as a by-product 
in the reaction between sodium and pyridine (Smith, J]. Amer. Chem. Soc., 1924, 46, 414), 
(4) dehydrogenation of pyridine by: anhydrous ferric chloride or other metallic chlorides 
(Hein and Retter, Ber., 1928, 61, 1790; Morgan and Burstall, J., 1932, 20; J. Indian 
Chem. Soc., 1933, Ray Commemoration Vol., p. 1; Hein and Schwedler, Ber., 1935, 68, 
681), (5) catalytic dehydrogenation of pyridine at 320° with a nickel catalyst (Wibaut and 
Willink, Rec. Trav. chim., 1931, 50, 287), (6) heating pyridine with iodine at 320° 
(Willink and Wibaut, ibid., 1935, 54, 275), (7) action of copper powder on 2-bromopyridine 
dissolved in cymene (Wibaut and Overhoff, ibid., 1928, 47, 761). 

It has now been found that diphenyl is a particularly efficacious solvent for carrying 
out the debromination of imi ae or polypyridyls (v. infra) substituted 
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in the 2-position to the nitrogen atom. as powder gives with 2-bromopyridine in 
diphenyl a good yield of 2: 2’-dipyridyl, whereas a mixture of 2-bromopyridine and 
2: 6-dibromopyridine with copper powder at the boiling point of diphenyl furnishes 
2: 2’-dipyridyl as the chief product and 2 : 6-di-2’-pyridylpyridine (2 : 2’ : 2’’-tripyridyl) 
(V) and 6: 6'-di-2"-pyridyl-2 : 2’-dipyridyl (2: 2':2": 2’ -tetrapyridyl) (VI) (v. infra) 
in small quantities. The synthesis of (V) and (VI) by this method is important, since 
their constitutions are thus referred directly to substituted pyridine derivatives of known 
orientation. 
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Substituted 2: 2'-dipyridyls. Although 2: 2’-dipyridyl manifests considerable re- 
sistance to substitution, bromination in the vapour phase can be accomplished at 500°, 
leading chiefly to 6-bromo-2 : 2'-dipyridyl (VII) and 6 : 6’-dibromo-2 : 2'-dipyridyl (VIII) 
(X = Br). By suitable reactions the bromine in these compounds has been replaced by 
other groups. With aqueous ammonia at 200—210°, the mono- and the di-substituted 


A —< > 
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bromo-2 : 2’-dipyridyl furnish water-soluble 6-amino-2 : 2’-dipyridyl and 6 : 6’-diamino- 
2 : 2’-dipyridyl (X = NH,) respectively. The latter diamine is identical with the product 
obtained from the amination of 2 : 2’-dipyridyl with sodamide (Willink and Wibaut, Rec. 
Trav. chim., 1935, 54, 281). In diphenyl medium the compounds (VII) and (VIII) 
(X = Br) react with cuprous cyanide above 200°, giving deep red complex cuprous com- 
pounds from which 6-cyano-2.: 2’-dipyridyl (VII, X = CN) and 6: 6’-dicyano-2 : 2’-di- 
pyridyl (VIII, X = CN) are isolated after removal of copper salts with aqueous potassium 
cyanide. These cyano-compounds are readily hydrolysed by heating with concentrated 
hydrochloric acid with the formation of 2 : 2’-dipyridyl-6-carboxylic acid (VII, X = CO,H) 
and 2: 2’-dipyridyl-6 : 6’-dicarboxylic acid (VIII, X = CO,H) respectively. The latter 
acid has also been obtained by oxidation of 6 : 6’-dimethyl-2 : 2’-dipyridyl (VIII, X = 
CH,) with selenium dioxide in pyridine. This dimethyl derivative is produced in small 
yield during the dehydrogenation of 2-methylpyridine with ferric chloride. A more 
convenient process consists in heating 2-methylpyridine with a nickel catalyst at 325°. 
The compound has been synthesised by heating 6-bromo-2-methylpyridine with copper 
powder (Willink and Wibaut, Joc. cit.). The carboxylic acids corresponding to (VII) 
and (VIII) (X = CO,H) yield 2 : 2’-dipyridyl on heating and form characteristic products 
with copper acetate. 

All the foregoing substituted 2: 2’-dipyridyls show a very marked decline in co- 
ordinating power in comparison with the parent diamine, the mono-substituted derivatives 
giving only a feeble colour with ferrous salt solutions, and the disubstituted compounds, 
with the exception of the dicarboxylic acid, no colour at all. This fact is attributed to 
the screening effect of a relatively large group adjacent to the nitrogen atom. 

That these 2 : 2’-dipyridyl derivatives are substituted in 2-positions to the nitrogen 
atoms depends in the main on a knowledge of the orientation of the bromo-2 : 2’-dipyridyls 
(VII) and (VIII) (X = Br) and the clue to the position of these substituents has been 
obtained from a study of their interaction with copper powder in diphenyl medium. The 
compound (VII, X = Br) yields the tetrapyridyl (VI), and a mixture of (VIII, X = Br) 
with 2-bromopyridine also gives the tetramine (VI), the orientation of which is known by 
its synthesis from 2-bromopyridine and 2 : 6-dibromopyridine (v. supra). These reactions 
will be considered in more detail under “‘ Tetrapyridyls”’ (v. infra). 

Den Hertog and Wibaut (/oc. cit.) showed that bromination of pyridine at 300° gave a 
mixture of 3-bromopyridine and 3 : 5-dibromopyridine in contrast to 2-bromo- and 2 : 6- 
dibromo-pyridines obtained at 500°. Bromination of 2: 2’-dipyridyl at lower temper- 
ature gives only traces of brominated products, but passage of bromine vapour over 2 : 2’- 
dipyridyl dihydrobromide at 250° produces two brominated 2 : 2’-dipyridyls, which, by 
analogy with pyridine, are accorded the provisional structures 5-bromo-2 : 2’-dipyridyl 
and 5 : 5’-dibromo-2 : 2'-dipyridyl. The monobromo-derivative gives an intense red colour 
with ferrous salts.and reacts with copper powder in diphenyl medium. The dibromo- 
compound yields no colour with ferrous salts and is unaffected by copper in diphenyl whether 
alone or in a mixture with other brominated compounds. 

Tripyridyls.—2 : 6-Di-2’-pyridylpyridine (2 : 2’ : 2’’-tripyridyl) (V), first obtained as 
a by-product in the dehydrogenation of pyridine with ferric chloride, forms a remarkable 
series of co-ordination compounds with metallic salts in which the base acts as a tridentate 
group (Morgan and Burstall, Joc. cit.; J., 1934, 1498; 1937, 1649). Its synthesis from 
2-bromopyridine and 2 : 6-dibromopyridine is not a satisfactory one for its preparation 
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in quantity. It has also been synthesised by the action of copper powder on a mixture 
of 6-bromo-2 : 2’-dipyridyl (VII) and 2-bromopyridine in diphenyl and in this method, 
too, the triamine is accompanied by 2 : 2’-dipyridyl and 2 : 2’: 2” : 2’”’-tetrapyridyl (VI). 
The reaction serves to confirm the orientation of the bromo-2 : 2’-dipyridyl (VII). It has 
now been found that heating iodine in an equimolecular mixture of 2 : 2’-dipyridyl and 
pyridine at 310° furnishes notable quantities of the base; ferric chloride can replace the 
iodine, but the yield is then poor. Both processes require an adequate supply of 2 : 2‘- 
dipyridyl, much of which is lost owing to carbonisation and tar formation, so the original 
method from pyridine and ferric chloride is still the best process for the production of the 
triamine. 


N7 ANN Bry \w7 Nw 


Substituted tripyridyls. Bromination of 2 : 6-di-2’-pyridylpyridine at 500° under 
conditions similar to those used for pyridine and 2 : 2’-dipyridyl leads chiefly to 6’-bromo- 
2 : 6-di-2'-pyridylpyridine (IX) and 6’ : 6’’-dibromo-2 : 6-di-2’-pyridylpyridine (X), the 
latter being the main product. The bromo-compound (IX) gives only a feeble magenta 
coloration with ferrous salts, but dissolves in dilute acids, whereas (X) yields no colour 
with ferrous salts and is insoluble in dilute halogen acids. The labile character of the 
bromine atoms in these compounds and their orientation in the molecule are shown by 
their reaction with copper powder in diphenyl medium: (IX) gives only the hexapyridyl 
(XVI), and a mixture of (X) and 2-bromopyridine furnishes the pentapyridyl (XV) (v. 
infra). Lack of material prevented any more than a qualitative examination of the 
reaction of these bromo-compounds with ammonia and cuprous cyanide, but both these 
reagents react with the brominated tripyridyls, thus supporting the view that reactivity 
is associated with substituents in positions adjacent to nitrogen atoms. 

Tetrapyridyls.—Willink and Wibaut (loc. cit.) showed that pyridine could be dehydro- 
genated by iodine, 2 : 2’-dipyridyl then being formed. This reaction has been extended 
to produce tetrapyridyls from dipyridyls by heating 2 : 2’-dipyridyl and iodine at 310° 
in an autoclave, a good yield of 6 : 6’-di-2"-pyridyl-2 : 2’-dipyridyl (2: 2’ : 2” : 2’’’-tetra- 
pyridyl) (VI) is obtained, accompanied by a small quantity of an isomeric tetramine of 
lower melting point: 


The tetrapyridyl (VI) is also formed by heating 2 : 2’-dipyridyl with ferric chloride (FeCl,) 
or ruthenium chloride (RuCl,), 8C,g>H,N, + 2FeCl, (RuCl,) = 2[Fe(Ru)3C,)H,N,JCl, + 
Cy9H,,N, + 2HCl (compare Burstall, J., 1936, 173), the base being mixed in both cases 
with small quantities of the isomeric tetramine. These preparations, however, are much 
less satisfactory than the iodine dehydrogenation process. None of these methods gives 
any indication of the orientation of these tetrapyridyls, but the base prepared in largest 
yield is identical with the tetrapyridyl (VI) formed by the action of copper on a mixture 
of 2-bromopyridine and 2 : 6-dibromopyridine in diphenyl (v. supra) and must therefore 
be 6 : 6’-di-2’’-dipyridyl-2 : 2’-dipyridyl (VI). 
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The additional synthetic processes outlined in the diagram serve to fix the orientation of 
the bromo-2 : 2’-dipyridyls (VII) and (VIII). The compound (VII) gives an excellent 
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yield of (VI), and a mixture of (VIII) with 2-bromopyridine (II) (2 mols.) provides a mixture 
of 2 : 2’-dipyridyl and 2 : 2’ : 2” : 2’”’-tetrapyridyl (VI), which are readily separated. 

The tetrapyridyl (VI) furnishes a trihydrated dihydrochloride, a dipicrate, and a notable 
series of complex compounds with metallic salts (following paper). 

In addition to the foregoing tetramine (VI) there are several other tetrapyridyls, the 
constitutions of which are not known with certainty, but, since they all give a characteristic 
red coloration with ferrous salts, the presence of 2 : 2’-dipyridyl residues is indicated. The 
by-product in the dehydrogenation of 2 : 2’-dipyridyl in view of its low melting point 
probably has an unsymmetrical constitution such as (XI). The tetrapyridyl arising from 
the interaction of 5(?)-bromo-2 : 2’-dipyridyl (v. swpra) and copper powder in diphenyl 
is given the structure (XII) in preference to a compound with the point of attachment at 
position 3. The chief product of the dehydrogenation of 4 : 4’-dipyridyl with iodine at 
310° is a crystalline tetrapyridyl to which the structure (XIII) is given. The orientation 
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of the tetrapyridyl derived from 3 : 4’-dipyridyl by the action of iodine is less certain, but 
the arrangement (XIV) is regarded as the most likely one. 

Pentapyridyl.—The only representative of the group containing five pyridine residues 
so far obtained is 2 : 6-di-6"-(2’ : 2’’-dipyridyl)pyridine (2 : 2’ : 2" : 2'” : 2’"'-pentapyridyl) 
(XV), which is best obtained by heating a mixture of 2-bromopyridine and 6’ : 6’’-dibromo- 
2 : 6-di-2’-pyridylpyridine (X) in diphenyl with copper powder; some 2 : 2’-dipyridyl is 
also formed, but is readily separated. Another method for the production of this pent- 
amine consists in heating a mixture of 6-bromo-2 : 2’-dipyridyl and 2 : 6-dibromopyridine in 
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diphenyl with copper, but this method leads to a mixture which also contains the tetra- 
pyridyl (VI) and hexapyridyl (XVI); these are not easily separated. Sufficient penta- 
pyridyl, however, was obtained in a state of purity to confirm the identity of this base 
with that obtained from the first synthesis. It furnishes a hydrated trihydrochloride and 
gives a deep red colour with ferrous salts. Lack of material has prevented a more detailed 
study of the pentapyridyl. Polypyridyls containing an odd number of rings are more 
difficult to obtain than those containing an even number. 

Hexapyridyl._—The reaction between iodine and 2 : 6-di-2’-pyridylpyridine (V) at 320° 
furnishes a small yield of colourless crystalline 6 : 6’-di-6’’-(2” : 2’’-dipyridyl)-2 : 2’-di- 
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pyridyl (2: 2’: 2": 2’ 22" : 2'""-hexapyridyl) (XVI), the orientation of which has been 
determined by the following synthetic processes. A mixture of 6-bromo-2 : 2’-dipyridyl 
and 6 : 6’-dibromo-2 : 2’-dipyridyl (v. supra) in diphenyl with copper powder yielded the 
hexapyridyl together with the tetrapyridyl (VI), which was separated by means of its 
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greater solubility in organic solvents. The second synthesis comprises the action of copper 
powder on 6’-bromo-2 ; 6-di-2’-pyridylpyridine (IX), a good yield of the hexapyridy] alone 
being produced. Small quantities of the hexamine are also formed from the action of 
ferric chloride on 2: 2’ : 2’’-tripyridy]l : 


6C,,H,,Ns + 2FeCl, = 2[Fe2C,,H,,Ng]Cl, + CypHogN, + 2HCI 


Thehexamine forms a tetrahydrochloride, readily hydrolysed by water, and a series of complex 
derivatives with salts of the transition metals in which one molecule of the base is united 
with one atomic proportion of metal ion. The stereochemistry of such derivatives is 
particularly interesting inasmuch as they contain a sexadentate group and should possess 
a planar distribution of the six nitrogen atoms round a central atom. Both character- 
istics have not been previously recorded. These salts will be the subject of a separate 
communication. 


EXPERIMENTAL. 


2-Bromopyridine and 2: 6-dibromopyridine were prepared by the vapour phase method 
of Hertog and Wibaut (loc. cit), The vapours of pyridine and bromine were heated to 500° 
before mixing. The apparatus was a modification of that used by the foregoing authors and 
consisted of a horizontal furnace, tilted to about 30° from the normal, which served to heat 
a hard-glass tube (}” bore) containing two narrow-bore tubes down half its length, into which 
pyridine and bromine were separately dropped. The viscid reddish-brown brominated products 
were collected at the lower end of the hard-glass tube and worked up and purified by the method 
of the original authors. 2-Bromopyridine was a colourless liquid, b. p. 193°/762 mm., which 
slowly darkened on keeping; it had a not unpleasant odour (Found: Br, 49-8. Calc.: Br, 
50-6%). 2: 6-Dibromopyridine formed white crystals, m. p. 118—119°, b. p. 249°/762 mm., 
having a pleasant terpinaceous odour (Found: Br, 67-2. Calc.: Br, 67-5%). In a typical 
experiment, pyridine (50 g.) and bromine (102 g.) gave 2-bromopyridine (20 g.) and 2: 6-di- 
bromopyridine (33 g.). 

The Action of Copper Powder on 2-Bromopyridine in Diphenyl.—2-Bromopyridine (10 g.) 
in diphenyl (30 g.) was heated to incipient boiling, and copper bronze (15 g.) added all at once. 
The temperature was raised slowly until at 230° a vigorous reaction began which was marked 
by a sharp rise in temperature and the conversion of the copper into a viscid, dark brown 
product. The mixture was boiled for 1 hour, and a further quantity of copper powder (5 g.) 
then added. After further heating (2 hours) at the b. p., the mixture was cooled and extracted 
with light petroleum (b. p. 40—60°) to remove solvent. A solution of the residue in dilute 
nitric acid was filtered, basified with excess of aqueous ammonia, and treated with aqueous 
potassium cyanide. The yellow mixture was extracted several times with benzene, the solvent 


' evaporated, and the residue of bases distilled. A little pyridine passed over first, but the main 


product consisted of slightly impure 2: 2’-dipyridyl (3-5 g.), which was crystallised from light 
petroleum (b. p. 40—60°); m. p. 70°, b. p. 272°/760 mm. (compare Wibaut and Overhoff, 
loc. cit.). 

The Action of Copper Powder on a Mixture of 2-Bromopyridine and 2 : 6-Dibromopyridine 
in Diphenyl.—2-Bromopyridine (25 g.) and 2: 6-dibromopyridine (18 g.) in diphenyl (80 g.) 
were treated with copper powder (30 g. + 10 g.), and the product worked up, as described in 
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the foregoing experiment. The solvent benzene was removed, and the residual mixture of bases 
distilled, whereby 2 : 2’-dipyridyl (7-0 g.) was removed. When the residual bases were warmed 
with light petroleum (b. p. 40—60°), 2: 6-di-2’-pyridylpyridine and any remaining 2: 2’- 
dipyridyl were dissolved. The residue of brown 2: 2’: 2” : 2’’-tetrapyridyl was sublimed 
under reduced pressure at 220°, triturated with acetone, and crystallised from benzene- 
petroleum; it then melted at 219—220°. Yield, 0-13 g. This tetramine was identical in 
m. p. and mixed m. p. with other preparations of this base (see p. 1670). The petroleum solution 
containing the tripyridyl and a little 2 : 2’-dipyridyl was evaporated, and the bases dissolved 
in alcohol and treated with excess of picric acid. The more sparingly soluble fraction of the 
crystallised picrates was decomposed with 2N-caustic soda, and the base extracted with benzene 
and crystallised several times from petroleum, oily impurities being removed by draining on 
unglazed porcelain. 2: 6-Di-2’-pyridylpyridine (0-1 g.), m. p. 88—89°, gave a characteristic 
deep magenta tint with ferrous salts and was identical with preparations from other sources 
(see p. 1670). 
Dipyridyls. 


2 : 2’-Dipyridyl was prepared by dehydrogenation of pyridine with ferric chloride (Morgan 
and Burstall, Joc. cit.) and purified by crystallisation from petroleum and distillation; m. p. 
70°, b. p. 272°/758 mm. 3: 4’-Dipyridyl, obtained as a by-product, was crystallised and dis- 
tilled before use; m. p. 63°, b. p. 295°/759 mm. 4: 4’-Dipyridyl was prepared by Smith’s 
method (loc. cit.) by the action of sodium on pyridine. The anhydrous base was distilled 
immediately before use; m. p. 114°, b. p. 305°/760 mm. 

Bromination of 2 : 2'-Dipyridyl.—(1) At 500°. This bromination was carried out in exactly 
the same way as that of pyridine. The apparatus was modified by heating the burette and 
accessory parts outside the furnace electrically in order to maintain the base in a liquid condition. 
2: 2’-Dipyridyl (95 g.) and bromine (100 g.) were passed through the tube heated to 500°. 
The hard green product was boiled with water, and the grey residue (A) separated. The acid 
filtrate was basified with caustic soda and extracted with benzene, which removed unchanged 
2: 2’-dipyridyl and monobromo-2: 2’-dipyridyl. The former base was removed by shaking 
the benzene solution with successive quantities of ferrous sulphate solution until the aqueous 
layer retained only a pale pink tint. The benzene extract was dried, the solvent removed, 
and the residue crystallised from light petroleum (b. p. 40—60°) ; 6-bromo-2 : 2’-dipyridyl then 
separated in white crystals, m. p. 74° (Found: C, 52-0; H, 3-2; N, 11-7; Br, 34:3. C,,H,N,Br 
requires C, 51-1; H, 3-0; N, 11-9; Br, 34:0%). Although readily soluble in organic solvents 
and in dilute mineral acids, it was only sparingly soluble in water. Its picrate crystallised from 
alcohol—acetone in yellow needles, m. p. 181—182°. 

The grey residue (A) was digested with 2N-caustic soda, washed with water, dried, and tritur- 
ated with acetone to remove oilyimpurities. The insoluble portion was sublimed at 220°/20 mm., 
and the sublimate crystallised from hot benzene; 6: 6’-dibromo-2 : 2'-dipyridyl separated 
in small white needles, m. p. 218°, insoluble in water and dilute acids and sparingly soluble 
in most organic solvents (Found: C, 39-1; H, 2-2; N, 9-5; Br, 50-8. C,,H,N,Br, requires 
C, 38-2; H, 1-8; N, 8-9; Br, 50-9%). It gave neither a picrate nor a coloration with ferrous 
salt solutions. 

(2) Aé 300°. 2: 2’-Dipyridyl (56 g.) and bromine (60 g.) were passed through a tube at 
300°. The viscid red-brown product, which contained a large proportion of bromine in the 
form of 2: 2’-dipyridyl perbromide, was boiled with water, and the solution treated with 
sodium bisulphite to remove bromine, filtered from a black carbonaceous residue, and basified. 
Extraction with benzene and distillation gave practically pure 2: 2’-dipyridyl. The black 
residue also was substantially free from brominated 2 : 2’-dipyridyls. 

(3) Bromination of 2:2'-dipyridyl hydrobromide at 250°. A solution of. 2: 2’-dipyridyl 
(30 g.) in excess-of constant-boiling hydrobromic acid was evaporated to dryness in a stream 
of carbon dioxide, the temperature being gradually raised to 250°. Bromine (30 g.) was passed 
over the solid hydrobromide in a stream of carbon dioxide. The reddish product was treated 
with aqueous sodium bisulphite to remove bromine, and the solution filtered, basified, and 
extracted with benzene. After removal of solvent, unchanged 2: 2’-dipyridyl was distilled, 
and the residue of crude bromo-2 : 2’-dipyridyl converted into picrate with excess of picric acid 
inalcohol. The pure picrate, m. p. 182—183°, was decomposed with caustic soda, and the base 
crystallised from petroleum; 5(?)-bromo-2 : 2'-dipyridyl separated in white plates, m. p. 79°, 
which gave an intense red colour with ferrous salts (Found: Br, 34-3. C, ,H,N,Br requires 
Br, 34-0%). The residue insoluble in acid was dried and crystallised from hot benzene, 5 : 5’( ?)- 
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dibromo-2 : 2’-dipyridyl, m. p. 212—213°, separating in lustrous white plates (Found: Br, 
51-6. CygH,N,Br, requires Br, 50-9%).° 

6-A mino-2 ; 2’-dipyridyl_—6-Bromo-2 : 2’-dipyridyl (1-0 g.) was heated with aqueous am- 
monia (10 c.c., d 0-880 + 5c.c. of water) in a sealed tube at 210—220° for 6 hours. The brown 
product was boiled, cooled, filtered from unchanged bromo-compound (0:3 g.), and strongly 
basified with solid caustic soda. The oily amine was extracted with benzene and crystallised 
from light petroleum (b. p. 60—80°), 6-amino-2 : 2'-dipyridyl separating in white, water-soluble 
crystals, m. p. 89° (Found: C, 70-6; H, 5-2; N, 24:0. C,,H,N, requires C, 70-2; H, 5-3; 
N, 24-6%). It gave a yellow coloration with ferrous salts. 

6 : 6'-Diamino-2 : 2'-dipyridyl.—6 : 6’-Dibromo-2 : 2’-dipyridyl (3-0 g.) was heated with 
aqueous ammonia (20 c.c.) in a sealed tube at 220° for 14 hours. The brown solution was 
diluted, boiled, cooled, filtered, and evaporated to dryness. The dry residue was mixed 
with sodium carbonate and heated at 240°/20 mm. The sublimate crystallised from water in 
long thin needles, m. p. 185° (picrate, m. p. 256°) (Found: C, 64:1; H, 4:9; N, 30-1. Calc. 
for CypgHygN,: C, 64-5; H, 5-4; N, 30- 1%). 

6-Cyano-2 : 2’-dipyridyl_—6-Bromo-2 : 2’-dipyridyl (1-5 g.) in diphenyl (10 g.) was heated 
and stirred with dry cuprous cyanide (2-0 g.) until a viscid, dark red product separated. After 
a further addition of cuprous cyanide (1-0 g.) the mixture was boiled for 15 minutes, diphenyl 
decanted, and the residue washed with benzene, powdered, and digested with concentrated 
potassium cyanide solution at 90°. The copper-free yellow residue was separated, dried, and 
sublimed at 210°/20 mm. The white sublimate (0-4 g.) of 6-cyano-2 : 2'-dipyridyl was crystal- 
lised from light petroleum (b. p. 60—80°); m. p. 151° (Found: N, 23-2. (C,,H,N, requires 
N, 23-2%). The nitrile was soluble in warm water and gave a red coloration with ferrous salts. 

6 : 6'-Dicyano-2 : 2'-dipyridyl, prepared in exactly the same way as for the monocyano- 
derivative, crystallised from benzene in white needles, m. p. 255° (Found: C, 70-2; H, 3-1; 
N, 27-0. C,,H,N, requires C, 69-9; H, 2-9; N, 27-2%). 

2 : 2’-Dipyridyl-6-carboxylic Acid.—6-Cyano-2 : 2’-dipyridyl (0-2 g.) was evaporated three 
times with concentrated hydrochloric acid (10 c.c.). The solid was dissolved in water and 
treated successively with sodium acetate and copper acetate solutions. After 12 hours the crys- 
talline copper salt was collected and decomposed in aqueous suspension with hydrogen sulphide. 
Filtration and evaporation gave the acid in small white needles, which decomposed at 210— 
220° after previous sintering at 155°, forming 2: 2’-dipyridyl and carbon dioxide (Found: N, 
14-3. C,,H,O,N, requires N, 14:0%). 

2 : 2’-Dipyridyl-6 : 6’-dicarboxylic Acid.—(1) 6: 6’-Dicyano-2 : 2’-dipyridyl was boiled and 
evaporated three times with concentrated hydrochloric acid. The residue was dissolved in 
2n-caustic soda, from which the moderately soluble sodium salt crystallised. After puritica- 
tion this salt was treated with dilute acid. The sparingly soluble carboxylic acid crystallised 
from much hot water in small white needles, which decomposed at 286° into 2: 2’-dipyridyl 
and carbon dioxide (Found: C, 58-7; H, 3-1; N, 12-2. C,,H,O,N, requires C, 59-0; H, 
3-3; N,11-5%). It gave an amorphous greenish-yellow compound with cupric acetate solution 
and both this and the foregoing monocarboxylic acid furnished red tints with ferrous salts. 
(2) 6: 6’=Dimethy]l-2 : 2’-dipyridyl (vide infra) (1-0 g.) in pure pyridine (10 c.c.) was boiled with 
selenium dioxide (3-0 g.) for 5 hours. Solvent was removed from the dark brown mixture, 
water added, and excess of selenium dioxide removed with sulphur dioxide. The acid was 
dissolved in caustic soda solution, the sodium salt recovered by crystallisation, and the 
dicarboxylic acid regenerated as in method (1). 

6 : 6'-Dimethyl-2 : 2’-dipyridyl.—(1) 2-Methylpyridine (224 g.) and ferric chloride (166 g.) 
were heated at 350° for 4 hours in an autociave fitted with a stirrer. The cooled, almost black 
product was powdered, basified with excess of caustic soda, and distilled in steam. The dis- 
tillate after evaporation with hydrochloric acid was basified, extracted, dried, and distilled. 
Cooled below 0°, the fraction (3-0 g., b. p. 250—310°) gave white crystals (0-5 g.), which after 
crystallisation from petroleum melted at 89—90° (picrate, m. p. 170°). (2) 2-Methylpyridine 
(300 g.) and a nickel catalyst were heated at 325° for 6 hours according to the method of 
Willen and Wibaut (loc. cit.). The yield of dimethyl derivative was 0-2 g. The foregoing 
authors give m. p. 89-5—90-5° (picrate, m. p. 170—171°). It was confirmed that this diamine 
gave no colour with ferrous salts. 

Tripyridyls. 


Action of Copper Powder on a Mixture of 6-Bromo-2: 2'-dipyridyl and 2-Bromopyridine 
in Diphenyl.—6-Bromo-?2 : 2'-dipyridy] (3-0 g.) and 2-bromopyridine (3 g.) in dipheny! (20-0 g.) 
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were heated with copper powder (10 g.), and the process continued as in experiment 3 
(p. 1667). The product yielded 2: 6-di-2’-pyridylpyridine (0-2 g.), 6: 6’-di-2’’-pyridyl-2 : 2’- 
dipyridyl (0-2 g.), and 2: 2’-dipyridyl (not estimated). 

Action of Iodine on a Mixture of 2 : 2'-Dipyridyl and Pyridine.—lIodine (94 g.) was dissolved 
in 2: 2’-dipyridyl (312 g.) and pyridine (158 g.), and the mixture heated in a glass container 
in an autoclave at 310° for 4 hours. The dark brown product was distilled in steam from a 
strongly alkaline solution to remove pyridine, and the residue extracted repeatedly with boiling 
light petroleum (b. p. 60—80°). Solvent was removed from these extracts, and unchanged 
2: 2’-dipyridyl distilled (97 g.). 2:2’: 2’-Tripyridyl was extracted from the residual bases 
with light petroleum (b. p. 40—60°) and distilled under reduced pressure (yield, 15 g.). The 
petroleum-insoluble fraction consisted of crude 2: 2’: 2’’ : 2’’’-tetrapyridyl (11 g.). 

Action of Ferric Chloride on Mixtures of 2: 2'-Dipyridyl and Pyridine.—Ferric chloride (100 
g.), 2: 2’-dipyridyl (312 g.), and pyridine (156 g.) were heated in a steel autoclave with stirring 
at 330° for 6 hours. The product was worked up according to the method already described 
(J., 1932, 20). The yield of purified 2 : 6-di-2’-pyridylpyridine was 10 g. - 

Bromination of 2 : 6-Di-2'-pyridylpyridine at 500°.—The triamine (10 g.) and bromine (10 g.) 
were passed through the apparatus used for the bromination of 2: 2’-dipyridyl at 500°. The 
hard greenish-black product was boiled with water, and the residue separated. The filtrate 
was basified and extracted with benzene; the hydrocarbon solution was then shaken with small 
quantities of aqueous ferrous sulphate until the aqueous layer retained only a faint persistent 
red colour. The benzene solution was evaporated, and the residue crystallised from light 
petroleum (b. p. 60—80°), 6’-bromo-2 : 6-di-2'-pyridylpyridine separating in white needles 
(1-5 g.), m. p. 153° (Found: Br, 25-1. C,;H, N,Br requires Br, 25-6%). 

The acid-insoluble residue (8-0 g.) was digested with 2N-sodium hydroxide, washed with water, 
dried, and sublimed at 250°/20 mm., the white sticky sublimate triturated with acetone, and 
the insoluble portion crystallised from boiling toluene; 6’ : 6’’-dibromo-2 : 6-di-2'-pyridylpyridine 
separated in white needles, m. p. 248°, which were insoluble in acids and gave no coloration with 
ferrous salts (Found: Br, 40-7. C,,H,N,Br, requires Br, 40-9%). This bromo-derivative 
gave a red complex compound with cuprous cyanide, and aqueous ammonia at 220° furnished 
white needles of an amine, m. p. 183—184°. 


Tetrapyridyls. 


Action of Iodine on 2: 2'-Dipyridyl at 310°.—A well-mixed solution of iodine (100 g.) in 
2: 2’-dipyridyl (500 g.) was heated in a glass container in an autoclave at 310° for 4 hours. 
The cooled product was boiled with 100 g. of sodium hydroxide in 11. of water and then re- 
peatedly extracted with hot benzene. The extract was separated from a black carbonaceous 
residue (20 g.), the solvent removed, and unchanged 2: 2’-dipyridyl distilled under reduced 
pressure (403 g.). The residual tetrapyridyls were washed with light petroleum (b. p. 40—60°) 
to remove any 2 : 2’-dipyridyl and other soluble products, and the residue sublimed at 220—230°/ 
20 mm.; crystallisation of the sublimate from hot benzene gave 6: 6’-di-2"’-pyridyl-2 : 2’- 
dipyridyl as the more sparingly soluble fraction, m. p. 219—220° [Found: C, 77-1; H, 4-75; 
N, 18-6; M (Rast), 303. C,gH,,N, requires C, 77-4; H, 4-5; N, 181%; M, 310]. The 
tetramine was practically insoluble in water, but gave a sparingly soluble, crystalline trihydrated 
dihydrochloride with dilute hydrochloric acid (Found : Cl, 16-7; H,O, 11-7. Cy9H,,N,,2HC1,3H,O 
requires Cl, 16-2; H,O, 12-4%) and formed a very sparingly soluble, yellow, microcrystalline 
dipicrate, m. p. 312° (decomp.) (Found: N, 18-4. CygH,,N,,2C,H,O,N; requires N, 18-2%. 
0-5865 G. of the picrate gave 0-2294 g. of the base). Ferrous salts yielded a reddish-yellow 
colour with the base. 

The more soluble benzene fractions were evaporated and treated with excess of hydrochloric 
acid, and the mixture taken to dryness. The hydrochlorides were triturated with a little 
cold water, the insoluble portion separated, the filtrate made alkaline, and the base crystal- 
lised from hot alcohol; white leaflets of an isomeric tetrapyridyl (m. p. 141°), to which the 
formula 6 : 6'-di-2’’-pyridyl-2 : 3'-dipyridyl (XI) was ascribed, then separated. This base gave 
an intense red coloration with ferrous salts and furnished an insoluble greenish-blue deposit 
with cupric chloride in hydrochloric acid [Found: C, 77-4, 77-1; H, 4:4, 43; N, 183%; 
M (Rast), 306]. 

Action of Copper Powder on 6-Bromo-2 : 2'-dipyridyl.—6-Bromo-2 : 2'-dipyridyl (1-0 g.) 
in diphenyl and copper powder (2-0 g.) were heated to boiling for 2 hours. The cooled mixture 
was treated successively with light petroleum, nitric acid, aqueous ammonia, and potassium 
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cyanide solution, and the insoluble base filtered off, dried, and sublimed. After crystallisation 
and resublimation 6 : 6’-di-2’’-pyridyl-2 : 2’-dipyridy! was obtained pure (0-2 g.), m. p. 219— 
220°. 

Action of Copper Powder on a Mixture of 6 : 6'-Dibromo-2 : 2’-dipyridyl and 2-Bromopyridine in 
Diphenyl.—A solution of 6 : 6’-dibromo-2 : 2’-dipyridyl (2-0 g.) and 2-bromopyridine (3-0 g.) 
in diphenyl (10 g.) was heated to boiling, and copper powder (10 g.) added. The product was 
treated as in the foregoing experiment except that the 2: 2’-dipyridyl (ca. 1-0 g.) formed was 
extracted with light petroleum (b. p. 40—60°) before purification of the 6 : 6’-di-2’’-pyridyl- 
2: 2'-dipyridyl (0-05 g.), m. p. 219—-220°, which was then carried out as already described. 

Action of Ferric Chloride on 2: 2'-Dipyridyl.—Ferric chloride (22 g.) and 2: 2’-dipyridyl 
(120 g.) were heated in a sealed tube at 310° for 4 hours. The product was extracted with 
benzene, and the residue mixed with sodium carbonate and heated in a stream of carbon dioxide. 
The volatilised bases were added to the benzene extract, the solvent removed, and 2: 2’-di- 
pyridyl (107 g.) distilled. The residue was extracted with light petroleum (b. p. 40—60°), 
and the insoluble portion sublimed. The sublimate was triturated with acetone, crystallised 
from benzene, and resublimed ; the tetrapyridyl (10 g.) then melted at 219—-220°. The isomeric 
tetrapyridyl, m. p. 141°, was obtained in traces from the more soluble portions of the mixture. 

Action of Ruthenium Trichloride on 2: 2'-Dipyridyl_—Ruthenium trichloride (15 g.) and 
2: 2’-dipyridyl (100 g.) were heated with stirring; at 260° a vigorous reaction began and the 
temperature rose to 270°. After 3 hours at the b. p. the reaction mixture was treated as in 
the foregoing experiment with ferric chloride. Yield of tetrapyridyl (m. p. 219—220°) 1-5 g. 
and of isomeric tetramine (m. p. 141°) ca. 0-O0l g. — 

Action of Iodine on 4: 4'-Dipyridyl_—Anhydrous 4 : 4'-dipyridyl (50 g.) and iodine (10 g.) 
were heated with stirring to the b. p. of the base (305°) for 3 hours. The cooled product was 
extracted with benzene, and the residue mixed with sodium carbonate and heated to dull rédness 
in a stream of carbon dioxide. The volatilised bases were added to the benzene extract, the 
solvent removed, and 4: 4’-dipyridyl distilled. The residue was triturated with alcohol, and 
the insoluble portion sublimed at 240°/20 mm. The sublimate after crystallisation from hot 
dimethylaniline and resublimation consisted of pure 4: 4’-di-4"-pyridyl-2 : 2’-dipyridyl 
(XIII), m. p. 232—233°; yield, 1-5g.[Found: C, 77-3; H, 4-7; N, 18-15%; M (Rast), 301). 
This tetrapyridyl gave an intense red coloration with ferrous salts. 

Action of Iodine on 3: 4'-Dipyridyl.—A well-stirred mixture of 3 : 4’-dipyridyl (50 g.) and 
iodine (10 g.) was heated to boiling (296°) for 3 hours. The cooled, dark brown product was 
treated as in the foregoing experiment with 4 : 4’-dipyridyl; 4 : 4'-di-3’'-pyridyl-2 : 2’-dipyridyl, 
m. p. 222°, then formed white needles giving an intense coloration with ferrous salts [Found : 
C, 77-2; H, 4:0; N, 18-4%; M (Rast), 302]. 

Action of Copper Powder on 5( ?)-Bromo-2 : 2'-dipyridyl.—The bromo-2 : 2’-dipyridy] (1-0 g.) 
in diphenyl (5-0 g.) was heated with copper powder for 2 hours. The cooled brownish-green 
product was treated successively with benzene, nitric acid, aqueous ammonia, and potassium 
cyanide solution, and the insoluble base was separated and purified by crystallisation from 
alcohol and sublimation. 6 : 6’-Di-2’’-pyridyl-3 : 3’-dipyridyl, m. p. 233°, formed white crystals 
readily soluble in dilute acids [Found : C, 77-3, 77-5; H, 4-5, 4-6; N, 18-2, 18-4%; M (Rast), 
306). 

Pentapyridyl. 


Action of Copper Powder on a Mixture of 6’ : 6’'-Dibromo-2 : 6-di-2'-pyridylpyridine and 
2-Bromopyridine.—6’ : 6’'-Dibromo-2 : 6-di-2’-pyridylpyridine (2-0 g.) and 2-bromopyridine 
(5-0 g.) in diphenyl (15-0 g.) were heated to boiling with copper powder (10 g.). After 1 hour 
a further quantity of copper (5-0 g.) was added, and heating continued for 2hours. Thecooled - 
mixture was heated with benzene, the residue digested with dilute nitric acid, and the solution 
filtered from insoluble products, basified with ammonia, and treated with excess of aqueous 
potassium cyanide. The crude bases were washed, dried, triturated with acetone to remove 
2: 2'-dipyridyl, and sublimed at 320°/20 mm. After crystallisation from dimethylaniline 
and resublimation, 2: 6-di-6’’-(2’ : 2-dipyridyl)pyridine (XV), m. p. 265°, formed white 
crystals (0-1 g.), which gave a deep red coloration with ferrous salts [Found: C, 77-25; H, 
4-3; N, 17-95; M (Rast), 382. C,;H,,N, requires C, 77-5; H, 4-4; N, 18:1%; M, 387]. 
A solution of this pentamine in excess of hydrochloric acid was evaporated to dryness; a 
dihydvated trihydrochloride, which decomposed on heating and was hydrolysed by water, was 
obtained (Found: Cl, 20-3. C,,;H,,N,,3HC1,2H,O reauires Cl, 20-0%). 

Action of Copper Powder on a Mixture of 6-Bromo-2 : 2'-dipyridyland 2 : 6-Dibromopyridine.— 
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6-Bromo-2 : 2’-dipyridyl (12 g.) and 2: 6-dibromopyridine (6-0 g.) in diphenyl (50 g.) were 
heated with copper powder (15 g.) for 1 hour, more metal (5 g.) added, and heating continued 
for 2hours. The product was treated as in the foregoing experiment, a white sublimate (3-0 g.) 
being obtained. Warm benzene removed tetrapyridyl (2-5 g.) and the residue was sublimed 
at 260—270°/20 mm., crystallised from dimethylaniline, and resublimed. These processes 
were repeated until pure 2: 2’: 2”: 2’: 2’”’-pentapyridyl, m. p. 265°, was isolated. The 
yield was about 0-1 g. The residues contained mixtures of pentapyridyl and hexapyridyl 
0-4 g.). 

. Hexapyridyl. 

Action of Iodine on 2 : 6-Di-2'-pyridylpyridine.—2 : 6-Di-2’-pyridylpyridine (66 g.) and iodine 
(13-2 g.) were heated with stirring at 310—320° for 3 hours. The cooled product was dissolved 
in hydrochloric acid, filtered from a carbonaceous residue (2-0 g.), basified, and treated with 
benzene to remove unchanged triamine; the dry grey residue was sublimed (350°/20 mm.). 
The sublimate was washed with acetone, crystallised from dimethylaniline, and resublimed. 
A repetition of these crystallisations and sublimations gave white crystals of 6 : 6’-di-6’’-(2” : 2’”’- 
dipyridyl)-2 : 2'-dipyridyl (XVI), m. p. 350°; yield, 15 g. (Found: C, 77-5; H, 4-4; N, 
18-4; M, ebullioscopic in diphenyl, 471. C,,H,)N, requires C, 77-5; H, 4-3; N, 18-:1%; M, 
464). This sparingly soluble hexamine, by evaporation to dryness with excess of hydrochloric 
acid gave a crystalline ¢etrahydrochloride, which decomposed without melting and was extensively 
hydrolysed by water (Found: Cl, 23-6. Cs9H  N,,4HCl requires Cl, 23-2%). 

Action of Ferric Chloride on 2: 6-Di-2'-pyridylpyridine.—Ferric chloride (4-0 g.) and the 
triamine (25 g.) were heated at 330° for 3hours. Thecold brownish-black product was powdered 
and extracted with benzene, and the residue mixed with sodium carbonate and heated in a 
stream of carbon dioxide. The volatile bases were added to the benzene extract, the solvent 
removed, and the triamine distilled. The residue after trituration with acetone was sublimed 
and crystallised from dimethylaniline; the hexapyridyl, m. p. 350°, was then obtained. Yield, 
0-1 g. 

Action of Copper Powder on a Mixture of 6-Bromo-2 : 2'-dipyridyl and 6 : 6'-Dibromo-2 : 2'- 
dipyridyl.—The two substances (1-8 g. and 1-2 g. respectively) in diphenyl (10 g.) were heated 
with copper powder (5 g.) for 1 hour and then for a further hour after addition of more copper 
(2-0 g.). The cold product was treated successively with petroleum, nitric acid, aqueous 
ammonia, and potassium cyanide solution and the insoluble bases were separated, dried, and 
sublimed. The sublimate (0-6 g.) was washed with benzene to remove tetrapyridyl (0-5 g.) 
and the hexapyridyl, m. p. 350°, was purified as already described. 

Action of Copper Powder on 6'-Bromo-2 : 6-di-2'-pyridylpyridine.—6'-Bromo-2 : 6-di-2’- 
pyridylpyridine (0-5 g.) in diphenyl (5-0 g.) was heated with copper powder (5-0 g.), added in 
two portions. The product, treated as in the foregoing experiment except that washing with 
benzene was omitted, gave 0-15 g. of pure hexapyridyl, m. p. 350°. 


The author is indebted to Sir Gilbert Morgan, O.B.E., F.R.S., for his interest and advice 
and for permission to publish the results. 


CHEMICAL RESEARCH LABORATORY, DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
TEDDINGTON, MIDDLESEX. [Received, August 12th, 1938.] 





313. Researches on Residual Affinity and Co-ordination. Part XXXVIII. 
Complex Metallic Salts containing 6 : 6’-Di-2'’-pyridyl-2 : 2’-dipyridyl 
(2: 2’: 2”: 2’"-T'etrapyridyl). 
By Sir GILBERT MorGAN and Francis H. BuRsTALL. 


The tetramine 6: 6’-di-2’’-pyridyl-2: 2’-dipyridyl (2: 2’: 2” : 2’’-tetrapyridyl; 
I) combines with many metallic salts, forming co-ordination compounds of the types 
[M tetrpy]X, [M tetrpy]X, and [M X, tetrpy]X. These derivatives differ consider- 
ably from co-ordination compounds containing 2 : 2’-dipyridyl and 2 : 6-di-2’-pyridyl- 
pyridine and contain only one molecule of the base in combination with one atom of 
metal. The salts described in this memoir comprise those containing iron, cobalt, 
nickel, copper, silver, zinc, cadmium, and platinum. The stereochemistry of these 
complex salts is discussed. 
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In the course of a study on the polypyridyls (preceding paper) the preparation and 
properties. of 6 : 6’-di-2’’-pyridyl-2 : 2’-dipyridyl (2: 2’: 2”: 2’”-tetrapyridyl; I) were 
recorded, and it was then anticipated that this tetramine would function as a quadridentate 
co-ordinating unit in combination with metallic salts. This view has been justified by 
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the preparation of a number of complex salts in which only one molecule of the base is 
combined with one molecule of metallic salt. 

I. With Univalent Metallic Salts—In alcoholic solution 2: 2’ : 2” : 2’’’-tetrapyridyl 
and silver nitrate yield filamentous, yellow needles of the co-ordinated salt [Ag tetrpy]NO,, 
which resembles the univalent 2 : 2’-dipyridyl derivative [Ag 2dipy]NO, in appearance 
but differs from it in its failure to react with aqueous persulphates with production of a 
bivalent silver derivative. In the presence of nitric acid, electrolytic oxidation or treatment 
with persulphate furnishes only brown mixtures, so that a pure complex argentic salt with 
this tetramine has not been obtained. 

II. With Bivalent Metallic Salts—In aqueous-alcoholic solution ferrous sulphate yields 
sparingly soluble reddish-brown 2:2’: 2”: 2’-tetrapyridylferrous sulphate tetrahydrate 
[Fe tetrpy]SO,,4H, O, which gives a greenish-yellow anhydrous sulphate at 120°. The 
foregoing sulphate forms a yellow solution in water, which yields the hydrated bromide 
[Fe tetrpy]Br,,2H,O and iodide [Fe tetrpy]I,,3H,O with potassium bromide and iodide 
respectively. Both these complex halides possess a green tint, but the former sometimes 
separates in large, almost black crystals of the same composition. Cobalt chloride and the 
tetramine give pink leaflets of the dihydrated chloride [Co tetrpy]Cl,,2H,O, which readily 
yields a monohydrate and finally the anhydrous salt on gentle warming. Both nickel and 
cupric bromides form green complex salts [Ni tetrpy]Br,,2H,O and [Cu tetrpy]Br,,4H,O 
with the tetrapyridyl, and zinc and cadmium chlorides furnish yellowish-white crystals of 
[Zn tetrpy]Cl,,2H,O and [Cd tetrpy]Cl,,H,O respectively. With potassium platino- 
chloride in neutral medium the green platinochloride [Pt tetrpy]PtCl, is isolated, whereas 
in the presence of hydrochloric acid the sal¢ tetrpy,H,PtCl, is formed. 

Ill. With Tervalent Metallic Salts —The foregoing cobaltous salt [Co tetrpy]Cl,,2H,O is 
readily oxidised with hydrogen peroxide in acid solution, forming grey-green 2 : 2’ : 2’: 2’”’- 
tetrapyridyldichlorocobaltic chloride trihydrate, [Co Cl, tetrpy]Cl,3H,O, whereas potassium 
iridochloride and the tetramine furnish brown [Ir Cl, tetrpy],IrCl,. 

Stereochemistry of 2:2': 2’: 2'"-Tetrapyridyl Complex Salits.—The constitution of 
6 : 6’-di-2’’-pyridyl-2 : 2’-dipyridyl has been proved by synthesis and, following modern 
ideas on mesomerism among aromatic compounds, may be regarded as having four pyridine 
rings in one plane. In the free base the arrangement of the rings may be as in (I) or (II) 
according as the nitrogen atoms are on the same or on opposite sides of the rings, or possibly 
there may exist some intermediate arrangement between these two limiting structures. 
When the four nitrogen atoms are all co-ordinated to one metallic atom, however, the 
arrangement (III) should prevail, with the base and metalinone plane. This structure does 
not exclude in certain cases an octahedral distribution (IV) when two additional associating 
units are involved. 

With compounds of the types [M tetrpy]X and [M tetrpy]X, a simple planar arrange- 
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ment (III) is most in keeping with physical and chemical properties. The latter type could 
have the alternative octahedral structure [M tetrpyX,] (IV), but this formulation is regarded 
as improbable. A planar configuration has already been shown to be present in four-covalent 
derivatives of bivalent copper, silver, cobalt, nickel, platinum, palladium, tin, lead, and 
manganese, and there seems no reason for excluding a planar structure for the complex 
compounds of bivalent iron, zinc, and cadmium described in this paper. In such compounds 
a tetrahedral arrangement appears to be inadmissible. Tervalent cobalt and iridium 
derivatives are of the type [M X, tetrpy]X with octahedral distribution of addenda (IV), but, 
as the tetramine and metal are still planar, the groups X, must be in the érans-positions. 
It is noteworthy that only one isomer is obtained in each case. 


EXPERIMENTAL. 


6 : 6’-Di-2”’-pyridyl-2 : 2’-dipyridyl (2: 2’ : 2’ : 2’’’-tetrapyridyl) was obtained as described 
in the preceding paper. 

2:2’: 2’: 2’"-Tetrapyridylargentous nitrate crystallised in filamentous, pale yellow needles 
when an alcoholic solution containing silver nitrate (1-7 g.) and the tetramine (3-1 g.) was cooled 
(Found: Ag, 22-4; N, 14-7. C,)H,,O,N,Ag requires Ag, 22-6; N, 146%). This complex 
was sparingly soluble in water and not altered by addition of potassium persulphate. Dilute 
nitric acid gave a bulky white product soluble in excess of concentrated nitric acid. 

2:2’: 2": 2’'-Tetrapyridylferrous sulphate tetrahydvate. Ferrous sulphate (2-7 g.) in water 
(150 c.c.) was treated with the tetrapyridyl (3-1 g.) and alcohol (50 c.c.), the mixture being 
boiled until the base had dissolved and most of the alcohol had evaporated. After the hot dark red 
liquid had been filtered, the hydrated sulphate crystallised on cooling in reddish-brown needles, 
which were air-dried (Found: Fe, 10-7; N, 10-4; H,O, 12-9. C,,H,,0,N,SFe,4H,O requires 
Fe, 10-5; N, 10-5; H,O, 13-5%). This moderately soluble sulphate and the following bromide 
and iodide gave yellow solutions in water which were easily decomposed by 2n-hydrochloric 
acid and 2n-sodium hydroxide. When maintained over concentrated sulphuric acid, or on 
warming to 110°, this hydrated complex salt became converted into the green anhydrous sulphate 
(Found: N, 12-2. C,9H,,0,N,SFe requires N, 12-1%). 

2:2’: 2": 2’"-Tetrapyridylferrous bromide dihydrate. When aqueous solutions of the 
foregoing sulphate and excess of aqueous sodium bromide were mixed, the complex bromide 
separated in either green needles or massive black rhombic crystals, which were air-dried (Found : 
Fe, 9-3; Br, 28-3; H,O, 6-2. C,,H,,N,Br,Fe,2H,O requires Fe, 9-9; Br, 28-4; H,O, 6-4%). 

2:2’: 2": 2’"-Tetrapyridylferrous iodide trihydrate. By double decomposition between 
the complex ferrous sulphate and an excess of sodium iodide solution, the dark green iodide 
was obtained in needles, which were recrystallised from hot water and air-dried (Found: I, 
38-0; H,O, 7-5. Cy 9H,,N,I,Fe,3H,O requires I, 37-6; H,O, 8-0%). 

2:2’: 2”: 2’"-Tetrapyridylcobaltous chloride dihydrate. Cobaltous chloride (1-2 g.) in water 
(20 c.c.)"was treated with an alcoholic solution of the tetramine (1-6 g.); after being boiled to 
dissolve the base and to remove alcohol, the mixture was filtered and cooled; the red solution 
then deposited pink leaflets of the dihydrated chloride (Found: Co, 12-2; H,O, 17:6. 
CyH,,N,Cl,Co,2H,O requires Co, 12-4; H,O, 7-6%). This chloride readily lost one molecule 
of water over sulphuric acid and gave a brown monohydrate (Found: N, 12-5; Cl, 165-4. 
CyH,,N,Cl,Co,H,O requires N, 12-2; Cl, 15-5%). Solutions of this cobalt salt were easily 
decomposed by dilute mineral acids and alkalis. 

2:2’: 2": 2’-Tetrapyridyldichlorocobaltic chloride trihydrate. A solution of the fore- 
going cobaltous salt when treated with 2n-hydrochloric acid and hydrogen peroxide yielded on 
warming silvery plates of the cobaltic salt. This sparingly soluble complex chloride was air- 
dried after crystallisation from kot water. It formed greenish-grey crystals soluble in water 
to a yellow solution, which was not decomposed by dilute acids and only slowly by hot 2n- 
caustic soda (Found: Co, 10-9; N, 10-7; Cl, 19-4; H,O, 10-8. “C,,H,,N,Cl,Co,3H,O requires 
Co, 11-1; N, 10-6; Cl, 20-1; H,O, 10-2%). 

2:2’: 2’: 2’"-Tetrapyridylnickel bromide dihydrate separated in sparingly soluble, green 
crystals when a hot solution containing nickel bromide (1-1 g. of anhydrous salt) and the 
tetramine (1-6 g.) was cooled (Found: Ni, 10-0; N, 10-2; Br, 28-1. C,,H,,N,Br,Ni,2H,O 
requires Ni, 10-4; N, 9-9; Br, 28-3%). The water of crystallisation in this compound was 
not removed at 120°. Hot 2n-acids and -alkalis decomposed this bromide and the following 
cupric salt. ; 
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2:2’: 2’: 2’"-Tetrvapyridyleupric bromide hemihydrate. A solution containing cupric 
sulphate (1-2 g.) and the tetramine (1-6 g.) was treated with an excess of aqueous: potassium 
bromide, whereupon green leaflets of the complex bromide separated. After recrystallisation 
from much water this compound was air-dried (Found: Cu, 11:7; N, 10-2; Br, 29-3; H,O, 
1:7. CygH,,.N,Br,Cu,fH,O requires Cu, 11-7; N, 10-3; Br, 29-5; H,O, 1-7%), 

2:2’: 2: 2’"-Tetrapyridylzinc chloride dihydrate. An aqueous solution of zinc chloride 
(0:7 g.) was boiled with the tetramine (1-6 g.) and a little alcohol, and the solution 
filtered ; faintly yellow leaflets of the complex chloride separated on cooling. After recrystal- 
lisation from hot water this compound was air-dried (Found: Zn, 13-8, 13-7; Cl, 14-8; H,O, 
7-0. CyH,,N,C],Zn,2H,O requires Zn, 13-6; Cl, 14:7; H,O, 7-5%). This complex salt was 
decomposed by dilute acids or aqueous alkalis. 

2:2’: 2": 2’"-Tetrapyridylcadmium chloride hydrate. Pale yellow needles of this sparingly 
soluble, complex chloride separated from a hot solution containing equimolecular proportions 
of cadmium chloride and the tetrapyridyl. This product, which was decomposed by hot acids 
or alkalis, was crystallised from much hot water and dried (Found: Cd, 22-1; Cl, 14-0; H,O, 
3-0. C,9H,,N,Cl,Cd,H,O requires Cd, 22-0; Cl, 13-9; H,O, 3-5%). 

2:2’: 2": 2’"-Tetrapyridyldichloroividium iridochloride. Potassium iridochloride (1-0 g.) 
in water (100 c.c.) was boiled with the tetramine (0-6 g.) and alcohol (100 c.c.) until the green 
solution changed to orange-brown with concurrent formation of a brown salt. When 
the hot filtrate was cooled, small orange-brown crystals of the ividochloride separated. 
Further quantities of this compound were obtained by extracting the residue with much boiling 
water (Found: Ir, 36-2. Cg .H,,N,,Cl,,Ir, requires Ir, 36-3%). 

2:2’: 2": 2’’-Tetrapyridylplatinous platinochloride. The tetramine (1-0 g.) in 250 c.c. of 
alcohol was treated with aqueous potassium platinochloride (2-0 g.); the green microcrystalline 
plato-salt which separated was collected and washed successively with water, alcohol, and benzene 
(Found: Pt, 46-3. C,. .H,,N,Cl,Pt, requires Pt, 46-3%). This insoluble derivative was very 
slowly decomposed with dissolution by aqueous ammonia, whereas silver nitrate furnished a 
reddish-yellow solution which gave an immediate precipitate of the green plato-salt with 
potassium platinochloride. On heating, the platinochloride yielded a black compound, also 
formed when potassium platinichloride and tetrapyridyl in aqueous-alcoholic media were boiled 
vigorously for several hours (Found: Pt, 58-3%). 

2:2’: 2’: 2'"-Tetrapyridyl platinochloride. The tetrapyridyl in excess of 2n-hydrochloric 
acid was treated with potassium platinochloride; the yellow, insoluble, microcrystalline salt 
then separated (Found: Pt, 29-8. C,,H,,N,Cl,Pt requires Pt, 30-1%). Alkalis decomposed 
this salt into its generators. 


This work is published by permission of the Department of Scientific and Industrial Research. 
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Complex Ruthenium Derivatives containing Nitric Oxide and Poly- 
pyridyls. 

By Sir GILBERT MorGAN and Francis H. BuRSTALL. 
This communication records an application of polypyridyls to the study of 
co-ordinated ruthenium derivatives containing also a nitroso-group. Complex com- 


pounds containing 2: 2’-dipyridyl, 2: 6-di-2’-pyridylpyridine (2: 2’: 2’’-tripyridyl) 
and 6: 6’-di-2”-pyridyl-2 : 2’-dipyridyl (2: 2’: 2” : 2’”’-tetrapyridyl) have now been 


prepared. 
With potassium nitrosoruthenium pentachloride, 2: 2’-dipyridyl behaves .as a 


chelate group and yields the internal metal complex | Rug. aipy | and the double salt 
3 


[ Ru ~ aaipy| Rug, | . Anextrusion of nuclear chlorine is effected by the tridentate 


base 2: 2’: 2’ a wees xe in the formation of two complex salts each with 
a univalent cation, Ru OL py C1,3}H,O and Ru tripy RoNO}: 
Cl, Cl, ds Cl; 
5Q 
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A further chlorine atom is extruded when the quadridentate tetramine 
2:2’: 2”: 2’”-tetrapyridyl is introduced into the molecule of potassium nitroso- 
ruthenium pentachloride, so that the two salts thus produced each contain a bivalent 
cation, [ Rug tetrpy Cl,,5H,O and | Rugytetrpy | [ Ruy |. 

5 
In acid solution the foregoing three polypyridyls furnish the corresponding 


nitrosoruthenium pentachlorides, (dipy H),| Rug |.#1,0. trpy H,| Rug | - 
5 5 


tetrpy H, RuNO e 
Cl, 


THE complex nitroso-compounds of ruthenium include several of the longest known and 
most stable derivatives of this element. Potassium nitrosoruthenium pentachloride, 
K,[ONRuCl,], was first obtained by Claus (Annalen, 1845, 56, 257; 1846, 59, 234), who, 
however, did not recognise the presence of nitric oxide in the molecule. Later, Joly 
(Compt. rend., 1888, 107, 994;. 1889, 108, 946) gave the correct composition of this salt 
and subsequently (tbid., 1890, 111, 970) prepared a group of ammine derivatives which 


were represented as [HoRwnH, |X,, [Se Ruan Hy, |x, and [ OY Ruan H, |x, by Werner 


(Ber., 1907, 40, 2616). The corresponding ethylenediamine salts (Werner and Smirnoff, 
Helv. Chim. Acta, 1920, 3, 737) and some pyridine derivatives (Charonnat, Compt. rend., 
1924, 178, 1423; 1930, 191, 1453; Ann. Chim., 1931, 16, 123) have also been prepared. 
More recently, the polypyridyls have become available in the study of co-ordination 
compounds, and their application to the ruthenium series is described below. 

1. 2: 2’-Dipyridyl Compounds.—Following on a preliminary reference (Presidential 
' Address, J., 1935, 569), it has been found that 2: 2’-dipyridyl (dipy) and potassium 
nitrosoruthenium pentachloride in equimolecular proportion yield two products depending 
on experimental conditions. With gentle warming, sage-green crystals of the complex (I; 
X = Cl) are formed, whereas from boiling solutions an orange-brown salt (II) is deposited. 
The former compound is slightly soluble in acetone, from which it separates in dark brown 
needles. This colour change suggests the existence of cis- and trans-isomerism, which is 
to be anticipated since six-co-ordinated ruthenium salts are usually octahedral in 
structure (J., 1936, 173). With a larger proportion of the diamine to potassium nitroso- 
ruthenium pentachloride, a deep yellow-brown solution is obtained which does not yield 
a crystalline chloride, but the further addition of this potassium salt gives the complex 
orange-brown derivative (II). 

With 2 : 2’-dipyridyl, potassium nitrosoruthenium pentabromide and the corresponding 
iodide yield respectively brown complexes having the empirical formule (I; X = Br) 
and (I; X=TI). Im acid solution, 2: 2’-dipyridyl and potassium nitrosoruthenium 
pentachloride give deep reddish-purple crystals of the sa/¢ (III). 


[ONRuX, dipy] [ON RuCl 2dipy][ON RuCl, ] (dipy H) [ONRuC1,],H,O 
(I; X = Cl, Bror I.) (II.) (III.) 

2. 2:2':2”-Tripyridyl Compounds.—In an aqueous medium potassium nitroso- 
ruthenium pentachloride and 2: 2’ : 2”-tripyridyl (tripy) give a mixture of the brown 
insoluble salt (IV) and the soluble chloride (V). In acid solution, however, lilac crystals 
of the sparingly soluble nitrosoruthenium pentachloride (VI) are obtained. 

[ON RuCl, tripy], [ON RuCl,] [ONRuCl, tripy]C1,3$H,O tripy H,[ONRuC1,],H,O 
(IV.) (V.) (VI.) 

3. 2:2’: 2": 2'"-Tetrapyridyl Compounds.—In aqueous-alcoholic solution the 
tetramine (tetrpy) and potassium nitrosoruthenium pentachloride furnish a readily soluble 
brown chloride (VII), which on further addition of the potassium salt yields a brown 
insoluble nitrosoruthenium pentachloride (VIII). In acid solution, the insoluble purple 
salt (IX) is readily formed on mixing solutions of its generators. 


[ON RuCl tetrpy]Cl,,5H,O [ON RuCl tetrpy][ON RuCl, ] tetrpy H,.[ONRuC1,] 
(VIL.) (VIII.) (IX.) 
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The preparation and properties of the foregoing complex ruthenium derivatives 
illustrate in a striking manner the characteristic co-ordinating power associated with the 
three polypyridyls which have now been combined with nitrosoruthenium halides. The 
chelate diamine, 2: 2’-dipyridyl, occupies normally two positions in a co-ordination 
complex, so that with one molecular proportion of this base the non-ionised complex (I) 
is formed. The introduction of a second molecule of 2: 2’-dipyridyl into the nucleus 
leads to extrusion of two chlorine atoms so that a bivalent cation is produced as in the 
complex salt (II). With the tridentate base, 2 : 2’ : 2’’-tripyridyl, the formation of a non- 
ionised complex is no longer possible if the three associating foci of the triamine replace 
three chlorine atoms. Accordingly, one chlorine atom is extruded from the cationic 
complex, yielding the water-soluble complex salt (V). Displacement of a further atom 
of chlorine from the co-ordination complex takes place with the quadridentate base, 
2:2’: 2” : 2’’-tetrapyridyl, which occupies four positions in the cationic complex of the 
soluble chloride and of the insoluble salt (VIII). 

Nitric oxide combines with salts of the iron, ruthenium and osmium triad to form 
compounds which frequently possess remarkable stability. At least three modes of 
formulation are in vogue for these nitroso-derivatives, which may be exemplified by (X), 
(XI), and (XII) for trichloronitroso-2 : 2’-dipyridylruthenium. 


+ + = + = 
[O—N—RuCl, dipy] [O=N—RuC]l, dipy] [O—=N—RuCl, dipy] 
(X.) (XI.) (XII.) 

In the oldest formulation (X), nitric oxide is considered to be combined with ruthenium 
as in organic nitrosyl derivatives, but according to more modern views concerning the 
mode of attachment of nitric oxide in metallic complexes the alternative arrangements 
(XI) and (XII) are possible, the effective atomic number in both instances being that of 
xenon, 54. In the former, one electron from nitrogen is donated electrovalently to 
ruthenium, and two more electrons from nitrogen constitute a co-ordinate link with 
ruthenium, which thereby becomes effectively bivalent. This view receives experimental 
support from the fact recorded below that with excess of dipyridyl the complex under 
discussion is in part converted into tris-2 : 2’-dipyridylruthenous dichloride. 

In formula (XII) one electron from nitrogen is again donated electrovalently to 
ruthenium and the combination is completed by two ordinary covalent bonds. This 
arrangement (XII) attributes to ruthenium a principal valency of four, as in the older 
formulation (X), but there is no experimental evidence of the formation of any 
quadrivalent ruthenium derivative after displacement of nitric oxide from such nitroso- 
ruthenium compounds under non-oxidising conditions. These practical considerations 
support the electronic arrangement suggested by formula (XI) rather than those of 
formule (X) and (XII). A mesomeride of the forms (XI) and (XII) would, however, 
react as if it contained tervalent ruthenium (compare Milward, Wardlaw, and Way, this 


vol., p. 233). 
EXPERIMENTAL, 


Potassium nitrosoruthenium pentachloride, K,[NORuCI,], obtained according to the 
method described by Werner and Smirnoff (loc. cit.), was used in preparing potassium nitroso- 
ruthenium pentabromide and pentaiodide (see Dufet, Bull. Soc. chim., 1891, 14, 206). 

Trichloronitroso-2 : 2'-dipyridylruthenium (I, X = Cl).—Potassium nitrosoruthenium penta- 
chloride (1-9 g.) and 2: 2’-dipyridyl (0-8 g.) in water (50 c.c.) were warmed (40—50°) until 
green leaflets separated. This product was rapidly collected, washed with water and dried 
(Found: Ru, 25-9; Cl, 26-6. C,.H,ON,Cl,Ru requires Ru, 25-8; Cl, 27-:0%). This salt was 
slightly soluble in hot acetone, from which it separated in brown crystals (Found: N, 10-7; 
Cl, 26-5. Calc.: N, 10-7; Cl, 27-0%) of the same composition. Both the green and the 
brown form of this salt dissolved slowly in aqueous 2: 2’-dipyridyl but evaporation of the 
solution gave only a small quantity of the complex [Ru 3dipy]Cl,,6H,O of bivalent ruthenium 
and a very soluble dark brown product which could not be crystallised, but which yielded the 
following red-brown salt with aqueous potassium nitrosoruthenium pentachloride. 

Chloronitrosobis-2 : 2'-dipyridylruthenium Nitrosoruthenium fPentachloride  (II).—When 
nitrosoruthenium pentachloride (1-9 g.) in water (50 c.c.) was slowly added to a boiling 
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aqueous-alcoholic solution of 2: 2’-dipyridyl (0-8 g.), insoluble red-brown crystals of the 
complex salt separated (Found: Ru, 25-8; N, 10-8; Cl, 27-1. C..H,,0O,N,Cl,Ru, requires 
Ru, 25-8; N, 10-7; Cl, 27-0%). This product, which was slightly soluble in acetone, was 
also formed when the aqueous solution containing potassium nitrosoruthenium pentachloride 
(1-9 g.) and 2: 2’-dipyridyl (1-6 g.) was treated with a further proportion of the potassium 
salt. This complex nitrosochloride dissolved slowly with some decomposition in aqueous 
2: 2’-dipyridyl and the solution so formed gave the original salt on addition of a solution of 
the potassium salt. 

Tribromonitroso-2 : 2'-dipyridylruthenium (I, X = Br) was prepared in a similar manner to 
the corresponding chloro-derivative from potassium nitrosoruthenium pentabromide (3-0 g.) 
and 2: 2’-dipyridyl (0-8 g.). This brown product was crystallised from hot acetone (Soxhlet), 
but in this instance only one form was obtained (Found: Ru, 19-5; Br, 45-5. C,,H,ON,Br,Ru 
requires Ru, 19-3; Br, 45-4%). 

Tri-iodonitroso-2 : 2'-dipyridylruthenium (I, X =I) was obtained as in the foregoing 
experiment from potassium nitrosoruthenium pentaiodide (2-2 g.) and 2: 2’-dipyridyl (0-4 g.). 
It formed brown, almost biack, crystals from hot acetone (Soxhlet) but again only one form 
was distinguished (Found: Ru, 15-5; N, 6-6; I, 57-3. C,gH,ON;I,Ru requires Ru, 15-2; 
N, 6-3; I, 57-0%). 

Dichloronitroso-2 : 2’ : 2''’-tripyridylruthenium Nitrosoruthenium Pentachloride (IV).—Potas- 
sium nitrosoruthenium pentachloride (1-9 g.) and 2: 2’ : 2’’-tripyridyl (1-1 g.) in water (50 c.c.) 
were stirred and warmed at 90°; dark brown crystals of the complex salt then separated in 
small yield and were washed with water and dried (Found: Ru, 25-6; Cl, 27-0. 
Cy,H,,0,N,Cl,Ru, requires Ru, 25-8; Cl, 27-0%). This salt was also formed when potassium 
nitrosoruthenium pentachloride was added to a solution of the following salt. 

Dichloronitroso-2 : 2' : 2’’-tripyridylruthenium Chloride (V).—On evaporating the filtrate 
from the foregoing preparation brown leaflets of the water-soluble hydrated chloride separated, 
and were recrystallised from a little water and air-dried (Found: Ru, 18-8; N, 10-9; Cl, 
19-8; H,O, 12-7. C,;H,,ON,Cl,Ru,3$H,O requires Ru, 19-0; N, 10-5; Cl, 19-9; H,O, 11-8%). 

Chloronitroso-2 : 2’ : 2" : 2’ -tetrapyridylruthenium Chloride Pentahydrate (V11).—Potassium 
nitrosoruthenium pentachloride (1-9 g.) and 2: 2’: 2”: 2’”’-tetrapyridyI (1-6 g.) in aqueous 
alcohol were stirred and warmed at 90° until the base had dissolved and the colour had 
changed from red to brown. Evaporation and cooling of the filtered mixture gave dark brown 
needles of the pentahydrated salt, which was purified and air-dried (Found: Ru, 16-3; N, 
11-2; H,O, 12-6. C,.H,,ON,Cl,Ru,5H,O requires Ru, 15-9; N, 11-0; H,O, 12-6%). 

Chloronitroso-2 : 2’.: 2" : 2’"'-tetrapyridylruthenium Nitrosoruthenium Pentachloride (VIII). 
—Potassium nitrosoruthenium pentachloride was added in excess to an aqueous solution of 
the foregoing salt (VII) ; the brown microcrystalline salt then separated and was washed with 
water and dried at 110° (Found: Ru, 26-0; Cl, 27-5. C,9H,,0,N,Cl,Ru, requires Ru, 25-9; 
Cl, 27-0%). 

N 7a Pentachlorides of Polypyridyls.—Bis-2 : 2'-dipyridylnitrosoruthenium penta- 
chloride (III). 2: 2’-Dipyridyl (1-5 g.) in hydrochloric acid and potassium nitrosoruthenium 
pentachloride (1-9 g.) in water (30 c.c.) were mixed; the complex salt then separated in deep 
purple crystals and was air-dried (Found: Ru, 15-7; Cl, 27-5. Cy gH,,ON,Cl,;Ru,H,O requires 
Ru, 15-8; Cl, 27-6%). This and the following two salts were decomposed into their generators 
with dilute aqueous potassium hydroxide or carbonate. 

2:2’: 2"-Tripyridylnitrosoruthenium pentachloride (VI) was obtained in mauve needles by 
mixing equimolecular proportions of 2: 2’ : 2’’-tripyridyl in hydrochloric acid and potassium 
nitrosoruthenium pentachloride (Found: Ru, 18-4; Cl, 31-1; H,O, 2-9. C,,H,,ON,Cl;Ru,H,O 
requires Ru, 18-2; Cl, 31-6; H,O, 3-2%). 

2:2’: 2": 2'"-Tetrapyridylnitrosoruthenium pentachloride (IX) separated in mauve crystals 
when equimolecular proportions of 2:2’: 2”: 2’-tetrapyridyl in hydrochloric acid and 
potassium nitrosopentachloride were mixed. After 12 hours the crystals were collected, 
washed with water, and air-dried (Found: Ru, 16-7; Cl, 27-9. C,9H,,ON,Cl,Ru requires Ru, 
16-4; Cl, 28-5%). 


This work is published by permission of the Department of Scientific and Industrial 
Research. 


CHEMICAL RESEARCH LABORATORY, DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
TEDDINGTON, MIDDLESEX. [Received, August 25th, 1938.] 




















Reh FMD 4A A fH 43lCe 


ode oo «- 


[1938] Derivatives of the Aliphatic Glycols. Pari IV. 


435. Derivatives of the Aliphatic Glycols. Part IV. 
By G. M. BENNETT and HERBERT GUDGEON. — 


Convenient methods are described for the preparation of dodeca-, tetradeca- and 
hexadeca-methylene glycols, and octadecamethylene glycol has been isolated for the 
first time. The monochlorohydrins of these glycols have been prepared and are of 
importance for synthetic purposes. 


UNSYMMETRICAL derivatives have been described of the glycols with from 4 to 10 carbon 
atoms (J., 1927, 472; 1929, 268; 1931, 1697), and the series of chlorohydrins was 
completed by the isolation of that from hexamethylene glycol (Bennett and Turner, this 
vol., p. 813). For synthetic purposes in another connexion higher members of this series 
were needed, and we now describe the preparation by convenient methods of the normal 
glycols of 12, 14, 16 and 18 carbon atoms and their chlorohydrins. The preparations are 
in all cases improved, and octadecamethylene glycol and the chlorohydrins are now isolated 
for the first time. A simplified method for obtaining azelaic acid from oleic acid has been 
used and is shown to be applicable to the analogous preparation of brassylic acid from 
erucic acid. In applying the Kolbe—Brown electrosynthesis to the production of some of 
the dicarboxylic acids, required for conversion into the glycols, we have found that the 
use of methyl-alcoholic, instead of aqueous, solutions is a great improvement on the 
original method. 
EXPERIMENTAL. 

Preparation of the Dicarboxylic Esters vequived.—Decamethylenedicarboxylic ester was 
synthesised from decamethylene dibromide. In preparing the latter from decamethylene 
glycol (compare Chuit, Helv. Chim. Acta, 1926, 9, 264) poor yields were obtained owing to the 
formation of quantities of material of high molecular weight in which intermolecular ether 
bonds had been formed. After various trials a satisfactory preparation was made as follows 
(compare Carothers, J. Amer. Chem. Soc., 1930, '52, 5287): the glycol (43-5 g.) was vigorously 
stirred at 90—95° while dry hydrogen bromide was passed for 2 hours. The temperature was 
then raised to 130—135°, and the gas passed for a further 6 hours. The material now 
solidified on cooling.’ It was taken up in a little benzene, the water separated, and the 
solution distilled. After a second distillation the product was a white solid, m. p. 28°, b. p. 
167°/10 mm. (Found: Br, 53-6. Calc.: Br, 533%) (yield, 91% of the calculated). 

When the dibromide was converted into dinitrile, and the latter hydrolysed without 
purification, n-decane-1 : 10-dicarboxylic acid was obtained in 90% yield. It was esterified. 

Dodecanedicarboxylic ester, m. p. 27°, was made from decamethylene dibromide by the 
malonic ester method (yield, 56%). 

Azelaic acid was prepared conveniently as follows: oleic acid (240 c.c.) in glacial acetic 
acid (1600 c.c.) was oxidised in a 7-1. flask by standing with hydrogen peroxide (400 c.c. of 
100 vols.) for a week with frequent shaking; solid dihydroxystearic acid separated after a few 
days. The mixture was heated on the steam-bath until the peroxide reaction with iodide was 
slight (1 day) and then vigorously stirred hot with chromic acid mixture (500 g. of sodium 
dichromate, 2-5 1. of water, and 750 c.c. of sulphuric acid). After 6 hours the pelargonic acid 
Was removed in a current of steam (12 hours), the bulk being at the same time reduced to 
about 21. When the mixture was cooled, a cake of crude azelaic acid (110 g.) was formed. 
The acid, crystallised from benzene-light petroleum, had m. p. 102—104° (Found: equiv., 
94-2. -Calc.: equiv., 94:1). Yield, 50 g. or 35%. 

The corresponding process applied to erucic acid (72 g.) with one quarter of the above 
quantities of reagents gave brassylic acid, m. p. 109° (Found: equiv., 122-8. Calc.: equiv., 
122-1). Yield, 24 g. or 41%. 

n-Tetradecane-1 : 14-dicarboxylic ester, m. p. 35—36°, was prepared by the electrolysis of 
ethyl sodium azelate in methyl-alcoholic solution (0-3 mol. in 600 c.c. of alcohol) at 50—60° 
(compare Ruzicka and Stoll, Helv. Chim. Acta, 1933, 16, 493). The anode of platinum (5 x 5 
cm.) was situated between a pair of slightly larger iron cathodes, kept at about 4 mm. distance 
by glass riders. The current was about 3 amps., voltage 30—60 (yield, 45%). Some inter- 
change of ethyl and methyl groups may have taken place, but this was no disadvantage. 

n-Hexadecane-1 : 16-dicarboxylic ester, m. p. 48°, was obtained in the corresponding way 
from ethyl sodium sebacate. 
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Preparation of the Glycols—The reduction of the esters to the glycols was carried out as 
described in Part III (loc. cit.). MKahlbaum’s 99-8% alcohol gave only 30% yields. Alcohol 
dried by the method of Smith (J., 1927, 1288) gave the best results, but alcohol which had 
stood for several months over quicklime was almost as good. The higher glycols were best 
isolated as follows: the products from five batches (4 mole in all) were submitted to steam- 
distillation to remove alcohol, cooled somewhat, and shaken with benzene (500 c.c.) mixed 
with a little of the alcoholic distillate (100 c.c.), and the extract separated hot. Two further 
extractions were made (each with 300 c.c. of benzene and 100 c.c. of the alcoholic distillate). 
The combined extracts were boiled and washed with hot water. If a stable emulsion formed, 
the whole was acidified with concentrated hydrochloric acid and the benzene extract was 
washed with hot sodium carbonate solution and then with water. The benzene solution was 
then concentrated to about 300 c.c., and the glycol allowed to crystallise. With glycols of 
less than 10 carbon atoms the same method may be used, but the solution should be 
evaporated and distilled. The following average yields were obtained : decamethylene glycol, 
m. p. 73°, 67%; dodecamethylene glycol, m. p. 83-5—84-5°, 75%; hexadecamethylene glycol, 
m. p. 87—88°, 87%; octadecamethylene glycol, crystallising from benzene in colourless needles, 
m. p. 97—98° (Found: C, 75-5; H, 13-2. C,,H;,O, requires C, 75-4; H, 13-4%) (yield, 66%). 

Preparation of the Chlorohydrins.—The method used by Bennett and Mosses for some of 
the lower glycols (Part III, loc. cit.), of heating the glycol with concentrated hydrochloric acid 
and continuously extracting the product with light petroleum, was found to be of diminished 
efficiency when applied to dodecamethylene glycol owing to its lower solubility in the acid on 
the one hand and to its marked solubility in the extracting solvent on the other. The latter 
was therefore collected as it ran off (the removal of water and hydrochloric acid being here 
omitted), decanted when cold from the glycol which had crystallised, shaken with potassium 
carbonate, and evaporated in a vacuum: 20 g. of the glycol thus gave a 50% yield of crude 
chlorohydrin and 5 g. of recovered glycol. The product was distilled, and crystallised from 
light petroleum, 12-chlorododecyl alcohol being obtained in colourless crystals, m. p. 28°, b. p. 
134°/1 mm. (Found: Cl, 16-3. C,,H,,OCl requires Cl, 16-1%). The phenylurethane formed 
colourless needles, m. p. 66°, from petroleum (Found: C, 67-3; H, 9-0; N, 4-3; Cl, 10-4. 
CigH39O,NClI requires C, 67-1; H, 8-9; N, 4:1; Cl, 10-4%). 

A similar process, in which recovered glycol was returned to the reaction mixture, was 
applied to tetradecamethylene glycol and gave a smaller (32%) yield of 14-chlorotetradecyl 
alcohol, colourless crystals, m. p. 37—38°, b. p. 156—160°/4 mm. (Found: Cl, 14:1. C,H, OCl 
requires Cl, 143%). This formed a phenylurethane, which crystallised in colourless leafiets, 
m. p. 68°, from light petroleum (Found: C, 68-4; H, 9-1; N, 3-9; Cl, 9-4. C,,H,,O,NCl 
requires C, 68-5; H, 9-3; N, 3-8; Cl, 9-6%). 

A more satisfactory way of converting this and the two higher glycols into their chloro- 
hydrins was found in an application of the reaction of Darzens (Compt. rend., 1911, 152, 1314). 
To the glycol (0-1 mol.) with dimethylaniline (8 c.c.) in benzene (250 c.c.), thionyl chloride 
(3 c.c.) was carefully added, and the mixture boiled for 2 hours. The benzene was evaporated, 
and the concentrate heated for 3 hours with 400 c.c. of 2n-50% alcoholic hydrochloric acid to 
hydrolyse any sulphite present. The liquid was then twice extracted with hot benzene (100 
c.c.), and the extracts washed with hot dilute hydrochloric acid. The benzene was again 
evaporated, and the residue boiled out twice with light petroleum (200 c.c. of b. p. 60—80°). 
The solution, when cold, was filtered from glycol which had crystallised, and this was put 
through the whole process again. The combined solutions were evaporated, and the residue 
taken up in light petroleum (300 c.c. of b. p. 40—60°) and left overnight to deposit the last 
traces of glycol. The solution was again evaporated, and the residue dissolved in methyl 
alcohol (200 c.c.). Crystals of the dichloride separated and were removed by filtration. The 
material was recovered by evaporation once more, and crystallised several times from light 
petroleum (b. p. 40—60°). The yield of chlorotetradecyl alcohol obtained by this process was 
12 g. or 43% of the calculated yield without allowance for glycol finally recovered. 

The solid by-product was recrystallised several times from methyl alcohol, 1 : 14-dichloro- 
tetvadecane being obtained in colourless crystals, m. p. 40° (Found: Cl, 26-3. C,,H,,Cl, 
requires Cl, 26-5%). The corresponding dibromide, m. p. 50-4°, was isolated by Chuit (loc. 
cit.). 

Hexadecamethylene glycol (25-8 g.), subjected to this thionyl chloride process, furnished 
the chlorohydrin (16-5 g., or 60%) together with the dichloride (2-5 g.) and some recovered 
glycol (1-5 g.). After several crystallisations from light petroleum 16-chlorohexadecyl alcohol 
formed colourless crystals, m. p. 43° (Found: Cl, 12-6. C,,H;;OCl requires Cl, 128%). The 





























[1938] The Constituents of Natural Phenolic Resins. Part XII. 1681 


dichloride was recrystallised several times from methyl alcohol: 1: 16-dichlorohexadecane was 
thus isolated in colourless crystals, m. p. 47° (Found : Cl, 23-6. C,,H;,Cl, requires Cl, 240%). 

From octadecamethylene glycol (28-6 g.) by the same process there was obtained the 
chlorohydrin (15 g., or 50%) together with the dichloride (2 g.) and recovered glycol (1 g.). 
18-Chloro-octadecyl alcohol forms colourless crystals, m. p. 53—54-5° (Found: Cl, 11-5. 
C,sH;,OCl requires Cl, 11-6%). The phenylurethane, after crystallisation successively from 
alcohol and light petroleum, formed colourless leaflets, m. p. 77° (Found: C, 70-8; H, 10-0; 
N, 3-4; Cl, 8-3. C,;H,,O,NCl requires C, 70-8; H, 10-0; N, 3-3; Cl, 84%). After several 
crystallisations from methyl and ethyl alcohols 1 : 18-dichloro-octadecane was isolated in 
colourless crystals, m. p. 54° (Found: Cl, 21-8. C,gH3,Cl, requires Cl, 21-9%). 


The authors thank the Department of Scientific and Industrial Research for a grant. 
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316. The Constituents of Natural Phenolic Resins. Part XII. 
The Action of Selenium on Lignans. 


By Joun R. ATKINSON and RoBERT D. HAWorRTH. 


The action of selenium on a number of lignans has been examined. The dimethyl 
ethers of olivil, isoolivil, lariciresinol, and isolariciresinol give dehydroguaiaretic acid 
dimethyl] ether, but eudesmin and the dimethyl ethers of pinoresinol and epipinoresinol 
yield 2 : 5-diveratryl-3 : 4-dimethylfuran (II). The structure of this has been established 
by synthesis, and experimental support has therefore been obtained for the suggestion 
that pinoresinol contains the carbon framework (I). 

A transformation analogous to the olivil-isoolivil change has been realised by the 
conversion of the diol (VI), obtained by reducing the diketone (III), into the naphthalene 
derivative (VII), and the constitutions of olivil and pinoresinol are discussed in view of 
the contrasting behaviour of these substances towards acid and selenium treatment. 


THE suggestion that members of the lignan family contain the characteristic carbon skeleton 
(I) has received experimental confirmation in all known representatives of the class with the 
exception of pinoresinol and eudesmin, and the methylenedioxy-analogues sesamin and 
asarinin. During the course of the present research experimental evidence has been 
obtained that pinoresinol and eudesmin conform to the general type (I). 


C co 
\e-c Me \cMe Me \cHMe 
fee MeO JkMe Me /CHMe 
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Me 
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When d-pinoresinol dimethyl ether (d-eudesmin) or /-eudesmin was heated with selenium 
at 280—300°, a 3% yield of a tetramethoxy-compound, C,,H,,0,, m. p. 170°, was obtained. 
This compound was oxidised to veratric acid by means of chromic acid in acetic acid 
solution and it gave 3 : 4-dinitroveratrole in yields exceeding 50% of the theoretical on 
heating with concentrated nitric acid. The stability of the compound towards acids, 
alkalis, methylmagnesium iodide and carbonyl reagents indicated the ethereal nature of the 
fifth oxygen atom, and structure (II), consistent with the properties of the substance, has 
been confirmed by synthesis. 

Preliminary attempts to prepare By-diveratroylbutane (III) by the action of «6-dimethyl- 
succinyl chloride on veratrole, or by the action of iodine on the sodio-derivative of ethyl 
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a-veratroylpropionate were unsuccessful. The diketone (III) was eventually obtained by tet 
heating $-bromopropioveratrone with copper powder in. boiling xylene solution and on (V1 
warming with methyl-alcoholic hydrogen chloride it was smoothly converted into 2: 5- 2: 
diveratryl-3 : 4-dimethylfuran (II), identical with the compound, C,,.H,,O;, obtained from na] 
d-pinoresinol dimethyl ether or /-eudesmin. the 
In the absence of profound structural alteration during the selenium treatment, the 
above observation provides the first experimental evidence that the constitutions of Su 
pinoresinol and eudesmin are based on type (I), and an examination of the behaviour of the 
other lignans towards selenium has led to interesting results. Recognisable products were int 
not obtained from matairesinol dimethyl ether, hinokinin or cubebin, the earlier observation an 
(Haworth and Sheldrick, J., 1935, 644) that conidendrin dimethyl ether is converted without an 
structural alteration into the lactone of 6 : 7-dimethoxy-1l-veratryl-2-hydroxymethyl- by 
naphthalene-3-carboxylic acid has been confirmed, and dehydroguaiaretic acid dimethyl de 
ether (IV) has been isolated in 8% yields by the action of selenium on the dimethyl ethers ad 
of lariciresinol, ésolariciresinol, olivil, and itsoolivil. The conversion of lariciresinol and sti 
olivil into conidendrin dimethyl ether (Haworth and Kelly, J., 1937, 384) and the lactone th 
of 6: 7-dimethoxy-1-veratryl-3-hydroxymethylnaphthalene-2-carboxylic acid (Dreyfuss, bu 
Gazzetta, 1936, 66, 96; Haworth and Sheldrick, loc. cit.) respectively establishes the an 
constitutional framework (I) for these substances and it will be observed that in all these di 
cases the original carbon skeleton of the lignan is retained in its selenium dehydrogenation ch 
product. Consequently the isolation of the furan derivative (II) from pinoresinol and ac 
eudesmin constitutes strong evidence that these lignans conform to the general type (I), 1g 
and structure (V) suggested for sesamin (Béeseken and Cohen, Biochem. Z., 1928, 197, 1; al 
see also Cohen, Rec. Trav. chim., 1938, 57, 653) can be excluded. n 
e as 
Me Me ~ Oe \cHMe pi 
H Me HMe 
" er: a oO H-OH , 
MV 
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The methods of preparation of the furan derivative (II) show that this substance is 
stable towards selenium or acid treatment, but «8-diveratryl-B-y-dimethylbutane-a8-diol (V1), 
obtained as an oil (possibly containing a mixture of stereoisomerides) by reducing By- 
diveratroylbutane (III) with sodium and alcohol, was readily converted by methyl-alcoholic 
hydrogen chloride or 50% acetic acid into 4-hydroxy-1-veratryl-6 : 7-dimethoxy-2 : 3- 
dimethyl-1 :2:3: aaa ie (VII). This substance (VII) has not been 
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obtained crystalline, but Zerewitinoff determinations show the presence of a- hydroxyl 
group, and it was converted into dehydroguaiaretic acid dimethyl ether (IV) on heating 
with selenium. The naphthalene structure (VII) is therefore preferred to the isomeric 
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tetrahydrofuran structure, and the facile formation of (VII) supports the Vanzetti formula 
(VIII) for olivil and provides the first experimental demonstration of the conversion of a 
2: 5-diveratryltetrahydrofuran (or the diol equivalent) into the isomeric tetrahydro- 
naphthalene structure as postulated by Vanzetti and Dreyfuss (Gazzetta, 1934, 64, 381) for 
the conversion of olivil (VIII) into dsoolivil (IX). 

Of the two formule (X) and (XI) advanced by Erdtman’ (Annalen, 1935, 516, 162; 
Svensk Kem. Tids., 1936, 48, 230, 236) for pinoresinol, the latter was preferred because 
the anhydro-olivil structure (X) did not account for the failure to convert pinoresinol 
into 1-phenylnaphthalene derivatives. Huang-Minlon (Ber., 1937, 70, 951) and Kaku 
and Ri (J. Pharm. Soc. Japan, 1938, 57, 289) on the other hand favour formula (X) 
and suggest that certain comparatively high-melting substances, obtained in small yield 
by the action of acids on asarinin and eudesmin, may prove to be phenylnaphthalene 
derivatives.. No evidence in support of the structure of these compounds has yet been 
advanced and, as 1-phenylnaphthalene derivatives may be accommodated on the basis of 
structure (XI), their isolation in small yield would not enable a decision to be made between 
the two structures (X) and (XI). Olivil (VIII) is resinified by the action of mineral acids, 
but it is converted into tsoolivil (IX) under the influence of aqueous organic acids. Kaku 
and Ri (loc. cit.) have shown that pinoresinol dimethyl ether. is partly converted into the 
diastereoisomeride, epipinoresinol dimethyl ether, by the action of alcoholic hydrogen 
chloride, and it has now been shown that the same equilibration is effected by 50% acetic 
acid, under conditions identical with those employed by: Vanzetti and Dreyfuss (Gazzetta, 
1938, 68, 87) for the conversion of olivil dimethyl] ether into isoolivil dimethyl ether. The 
anhydro-olivil formula (X) is inconsistent with this marked contrast between the facile 
naphthalene formation from olivil and the resistance to cyclisation exhibited by pinoresinol 
dimethyl ether under similar acidic conditions or selenium treatment, and on these grounds, 
as well as for biogenetic and stereochemical reasons, the alternative formula (XI) for 
pinoresinol ae ether is more acceptable. 
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The production of 2 : 5-diveratryl-3 : 4-dimethylfuran (II) from pinoresinol dimethyl 
ether was accompanied by traces of impurity, which were eventually removed by the 
method described in the experimental section. This impurity, which was unsuspected for 
some time, did not influence the melting point, but it resulted in high analytical values, 
approximating to C,,.H,,0,, and the 6 : 7-dimethoxy-2-(3' : 4'-dimethoxybenzyl)-3-methyl 
naphthalene (XII) structure, which might have arisen from (XI) by cyclisation, was excluded 
by an independent synthesis. 1-Keto-6 : 7-dimethoxy-3-methyl-1 : 2 : 3 : 4-tetrahydro- 
naphthalene oneey and Haworth, this vol., p. 807) reacted with veratraldehyde in 
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presence of hydrogen chloride to give 1-keto-6: eR OT ER oe 
1:2: 3 : 4-tetrahydronaphthalene (XIII), which was reduced by hydrogen in the presence of 
an active palladium-—carbon catalyst to 1-keto-6 : 7-dimethoxy-2-(3' : 4'-dimethoxybenzyl)- 
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3-methyl-1 : 2 : 3: 4-tetrahydronaphthalene (XIV). Clemmensen reduction of (XIV) gave 
an oil which yielded the naphthalene derivative (XII), m. p. 115—116°, on dehydro- 
genation with selenium. 

EXPERIMENTAL. 


Reactions with Selenium.—The following method was adopted. The lignan (0-2 g.) and 
selenium (0-2 g.) were heated at 270—280° for 24 hours and the product was extracted with hot 
chloroform. The chloroform was removed, ether added, the filtered solution evaporated, and 
the residue distilled over sodium at 1mm. The distillate solidified on trituration with methyl 
alcohol. The addition of p-cyclohexylphenol (compare Thiele and Trautmann, Ber., 1935, 68, 
2245) to the dehydrogenation mixture did not improve the yields. 

Dehydroguaiaretic acid dimethyl ether (IV), obtained in 8% yield from the dimethyl ether of 
olivil, isoolivil, lariciresinol or isolariciresinol, crystallised from alcohol or acetic acid in colourless 
plates, m. p. 178—179° (Found: C, 74-9; H, 6-9. Calc. for C,.H,,0O,: C, 75-0: H, 68%), 
which gave no depression in m. p. when mixed with an authentic specimen (Haworth, Mavin, 
and Sheldrick, J., 1934, 1428). 

2 : 5-Diveratryl-3 : 4-dimethylfuran (II) was obtained in 3% yield from d-pinoresinol dimethyl 
ether, d-epipinoresinol dimethyl] ether or /-eudesmin, and purified by crystallisation from methyl 
alcohol—chloroform and then from acetic acid. The colourless prisms, m. p. 169—170° [Found : 
C, 72-5; H, 6-9; OMe, 34:2%; M (Rast), 352], contained an impurity which was removed by 
washing with ether and filtration of a benzene solution of the residual crystals through a layer of 
alumina. The residue from the benzene filtrate separated from acetic acid in colourless prisms, 
m. p. 169—170° [Found: C, 71-7; H, 6-5; OMe, 34:1; M (Rast), 360. C,.H,,O, requires 
C, 71:7; H, 6-5; OMe, 33-7% ; M, 368], depressed to 150° by dehydroguaiaretic acid dimethyl 
ether but unchanged by a synthetic specimen (see below) of the furan (II). 2: 5-Diveratryl- 
3 : 4-dimethylfuran (II) was sparingly soluble in alcohol or ether, but soluble in chloroform or 
benzene, and the colourless solutions exhibited a marked blue fluorescence. A solution of 
chromic acid (0-5 g.) in acetic acid (5 c.c.) was gradually added to a solution of the furan (II) 
(0-5 g.) in acetic acid (10 c.c.) at 90°. After 1 hour the mixture was diluted with water; the 
product, isolated with ether, crystallised from hot water in colourless needles (0-1 g.), m. p. 
180°, which were identified as veratric acid. The furan (II)(0-5 g.) was boiled with concentrated 
nitric acid (5 c.c.) for 5 minutes, and water added; the product, isolated with ether and washed 
with sodium bicarbonate solution, separated from a little methyl alcohol in pale yellow needles 
(0-3 g.), m. p. 127—129°, which were identified as 4 : 5-dinitroveratrole. 

Ethyl a-Veratroylpropionate.—A solution of sodium ethoxide (from sodium, 2-3 g.) in alcohol 
(30 c.c.) was added to a solution of ethyl veratroylacetate (26 g.) in alcohol (50 c.c.). Methyl 
iodide (15 g.) was gradually introduced, and the mixture heated on the water-bath for 1-5 
hours. Most of the alcohol was removed, water added, and the product isolated with ether. 
Ethyl «-veratroylpropionate (22 g.) was obtained as a colourless oil, b. p. 190—195°/1 mm., 
which gradually solidified and then crystallised from ether—light petroleum (b. p. 40—60°) 
in colourless prisms, m. p. 52—54° (Found: C, 63-4; H, 6-9. (C,,H,,0O,; requires C, 63-2; 
H, 6-8%), which slowly gave a green colour in the ferric chloride test. 

By-Diveratroylbuiane (III).—f$-Bromopropioveratrone (1 g.) and freshly precipitated copper 
powder (1-0 g.) were refluxed in xylene (10 c.c.) for 24 hours. The filtered solution was 
evaporated under reduced pressure; crystallisation of the residual oil from methyl alcohol 
yielded By-diveratroylbutane (III) in colourless rhombic prisms (0-2 g.), m. p. 189—190° (Found : 
C, 68-5; H, 6-7. C,,H,,O, requires C, 68-3; H, 6-8%). When this diketone (III) (0-25 g.) was 
boiled with methyl-alcoholic hydrogen chloride (5 c.c.), crystals of 2: 5-diveratryl-3 : 4-di- 
methylfuran (II) rapidly separated. After 1 hour these were collected and recrystallised from 
acetic acid, forming colourless prisms (0-2 g.), m. p. 169—170° (Found: C, 71-7; H, 6-5%), 
which gave no depression in m. p. when mixed with a specimen obtained by the action of selenium 
on pinoresinol dimethyl ether. 

a8-Diveratryl-By-dimethylbutane-a8-diol (VI).—A boiling solution of Py-diveratroylbutane 
(III) (0-5 g.) in boiling alcohol (100 c.c.) was gradually poured upon molten sodium (4 g.), and 
after 2 hours’ refluxing water was added, most of the alcohol removed, and the product extracted 
with ether. The extract yielded an oil, which was taken up in ether, filtered, and the solvent 
removed. The residual diol (VI) (0-4 g.) was an oil, b. p. 180—185°/1 mm. (Found: C, 67-5; 
H, 7-9. Cy,H;,O, requires C, 67-7; H, 7-7%). 

4 - Hydroxy - 1 - veratryl - 6 : 7 - dimethoxy - 2: 3- dimethyl-1: 2:3: 4-tetrahydronaphthalene 
(VII).—The diol (VI) (0-4 g.) was (a) refluxed with methyl-alcoholic hydrogen chloride (15 
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c.c.) for $ hour or (b) heated with 50% acetic acid (15 c.c.) on the water-bath for 8 hours. After 
dilution with water, the product, isolated with ether and washed with sodium hydroxide solution, 
was refluxed with 10% sodium hydroxide solution (10 c.c.) and methyl alcohol (5 c.c.) for 1 hour 
in order to hydrolyse chloro- or acetoxy-derivatives, and recovered with ether. The naphthalene 
derivative (VII) (0-3 g.) was obtained as an oil, b. p. 178—182°/1 mm‘ [Found: C, 70-7; H, 
7-7; OH(Zerewitinoff), 5-1. C,,H,,0, requires C, 71-0; H, 7-6; OH, 46%]. This oil was 
dehydrogenated with selenium in the usual way; dehydroguaiaretic acid dimethyl ether (IV) 
was obtained in 70% yield. 

1 - Keto - 6: 7 - dimethoxy - 2 - veratrylidene - 3 - methyl - 1: 2:3: 4 - tetrahydronaphthalene 
(XIII).—An ice-cold acetic acid solution (4 c.c.) of veratraldehyde (1-5 g.) and 1-keto-6: 7- 
dimethoxy-3-methyl-1 : 2: 3: 4-tetrahydronaphthalene (1-6 g.) was saturated with dry 
hydrogen chloride. After 12 hours water was added to the crimson solution; the product, 
isolated with chloroform and washed with sodium bicarbonate solution, crystallised from methyl 
alcohol in colourless plates (2 g.), m. p. 146° (Found: C, 71:7; H, 6-5. C,,H,O, requires C, 
71:8; H, 66%), which gave a yellow solution in acetic acid. 

1 - Keto - 6: 7 - dimethoxy - 2 - (3' : 4’ - dimethoxybenzyl) - 3 - methyl - 1: 2:3: 4 - tetrahydro- 
naphthalene (XIV), obtained in 80% yield by reducing (XIII) in acetic acid (10 parts) by 
hydrogen in the presence of a freshly prepared palladium-charcoal catalyst, separated from 
methyl alcohol in stout prisms, m. p. 128—129° (Found: C, 71-3; H, 6-9. C,,H,,O, requires 
C, 71:3; H, 7-:0%), which gave a colourless solution in acetic acid. 

6 : 7-Dimethoxy-2-(3' : 4'-dimethoxybenzyl)-3-methylnaphthalene (XII).—The above ketone 
(XIV) (2 g.) was refluxed for 12 hours with amalgamated zinc (10 g.) and concentrated hydro- 
chloric acid (15 c.c.). The resultant oil, isolated with ether and distilled at 1 mm., was heated 
with selenium (2 g.) at 280° for 24 hours; the product, isolated in the usual manner, crystallised 
from ether-—light petroleum (b. p. 60—80°) or methyl alcohol in colourless plates (0-9 g.), m. p. 
115—116° (Found: C, 75:2; H, 6-7. C,,H,,O, requires C, 75-0; H, 6-9%). 


UNIVERSITY OF DuRHAM, KING’s COLLEGE, NEWCASTLE-UPON-TYNE. 
[Received, September 13th, 1938.) 
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Poroidine and isoPoroidine. 


By G. BARGER, Wm. F. Martin, and WM. MITCHELL. 


Base Z (Part I, J., 1937, 1821), C;,H,,O,N, is a mixture of about 10 parts of 
poroidine (isovalerylnortropéine) with 1 part of isoporoidine (d-a-methylbutyryl- 
nortropéine), and has been indirectly racemised. The former constituent was 
separated by an indirect method, and both have been synthesised; their mixture in 
the above ratio was shown to be similar to base Z. A probable derivation of these 
bases from leucine and isoleucine respectively is suggested. Tiglylnortropéine, 
tiglyltropéine (Part I, loc. cit.), and dl-«-methylbutyryltropéine have also been 
prepared. The hydrobromides of all the alkaloids mentioned are freely soluble in 
chloroform. The -phenylphenacyl esters of the butyric and valeric acids are 
described. A method for recovery of acid and alcohol from such esters is also given. 


Base Z (Part I, J., 1937, 1821) is a thin, colourless syrup which partly crystallises on 
standing, and is dextrorotatory; it has been racemised by an indirect: method. The 
oxalate and salicylate have no optical activity. Base Z is a strong secondary base, yields 
an oily nitroso-derivative, and is saturated. On hydrolysis it yields nortropine and a 
liquid acid, C;H4)0,, [«]>” + 2-9°, at first thought to be partly racemised d-a-methy]l- 
butyric acid. Tiglylnortropéine hydrobromide (I) was synthesised from tiglyl chloride and 
nortropine hydrochloride (according to a general method employed by Jowett and Pyman, 
J., 1909, 95, 1024), and catalytic reduction then yielded dl-a-methylbutyrylnortropétne 
~ et Seema (II, R = H), but this was not identical with the hydrobromide of racemised 
ase Z. 

Further examination of the acid C;H,)0, showed it to be a mixture of isovaleric and 
d-a-methylbutyric acids in a ratio of about 10 to 1. isoValerylnortropéine hydrobromide 
(III) was prepared from the corresponding hydrochloride synthesised from isovaleryl 
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chloride and nortropine hydrochloride. A mixture of 10 parts of it with 1 part of 
dl-«-methylbutyrylnortropéine hydrobromide had properties identical with those of race- 
mised base Z hydrobromide; the melting point of the mixture was intermediate between 
those of its components, and was not depressed by the hydrobromide of the natural 
(dextrorotatory) material, the salts of which, incidentally, have the same melting points 
as those of the racemised base. 
CH,—CH———CH, CH,—CH———CH, 
| NH,HBr (H-O-CO-CMe:CHMe | NR,HBr (H:0:CO-CHMeEt 
CH,—CH CH, CH,—CH CH, 
(I.) (II.) 
CH,—CH———CH, 
| NH,HBr CH:0-CO:CH,Pr* 
H 


CH CH, 
(IIZ.) 


Fractional crystallisation of various salts of base Z afforded no evidence of separation 
of the isomers. Chromatographic methods were equally unsuccessful. The isomers differ 
so slightly in structure that failure to effect direct separation is probably not surprising. 
An indirect separation was achieved by hydrolysis, followed by fractional precipitation of 
the silver salts of the acids from aqueous solution; isovaleric acid was thus obtained in 
a pure state. Esterification of this acid with the nortropine also obtained in the 
hydrolysis gave isovalerylnortropéine; this was identical with the previous synthetic 
material. It was not found possible to isolate the d-«-methylbutyric acid. Base Z is 
thus a mixture of much isovalerylnortropéine with a little d-«-methylbutyrylnortropéine ; 
it is suggested that the former be named poroidine and the latter isoporoidine. It is 
probable that the two acids are derived respectively from leucine and ¢soleucine, via the 
corresponding amyl alcohols, and we thus have some indication, not otherwise available, 
that these aliphatic amino-acids may be used in the biogenesis of alkaloids. Usually it 
is only possible to infer the utilisation of aromatic amino-acids for this purpose. 

dl-«-Methylbutyryliropéine hydrobromide (II, R = Me), made by catalytic reduction of 
tiglyltropéine hydrobromide (Part I, Joc. cit.), was prepared for comparison purposes; 
mixtures of these two substances showed slight elevation of melting point. 

The -phenylphenacyl esters of the two butyric and the four valeric acids were 
prepared in the course of this work; the melting points of mixtures of the esters of the 
latter acids are given. Recovery of the acid from these esters cannot be effected by 
alkaline hydrolysis, since profound decomposition occurs. Acid hydrolysis, on the other 
hand, gives theoretical yields of the acid and #-phenylphenacyl alcohol; the method is 
described. 

EXPERIMENTAL. 

Base Z.—The syrup had [a]? + 2-5° (c, 8-0 in absolute alcohol or in chloroform). The 
oxalate formed colourless, diamond-shaped lamine from water, in which it was sparingly 
soluble in the cold, m. p. 296—297° (corr.) [raised from the figure previously given, 285—290° 
(corr.), by recrystallisation] [Found : C, 60-7; H, 8-7; N, 5-7. Calc. for (C,gH,,0O,N),,H,C,Q, : 
C, 60-9; H, 86; N, 55%]. The hydrobromide, which formed colourless laminz (from 
absolute alcohol-ether), m. p. 219—220° (corr.), was very soluble in water, in alcohol, and in 
chloroform (ca. 1 in 0-4); the last solution was viscous, [a]? + 2-9° (c, 6-0 in water) (Found : 
C, 49-4; H, 7-8; N, 48; Br, 27-4. C,,H,,O,N,HBr requires C, 49-3; H, 7-5; N, 4-8; Br, 
27-3%). The hydrochloride separated, on addition of a large excess of ether to a concentrated 
absolute alcoholic solution, in long, colourless, tabular prisms, m. p. 204° (corr.); it was 
somewhat hygroscopic, and very soluble in water and in chloroform. The methiodide, 
obtained by refluxing the base (0-1 g.) in methyl alcohol (3 c.c.) with methyl iodide (0-25 c.c.) 
for 1 hour, formed colourless, foliated laminze (from alcohol-ether), m. p. 301° (corr.), freely 
soluble in water and in alcohol, The aurichloride, prepared from the base (0-1 g.) in 
n/50-hydrochloric acid (2 c.c.) and auric chloride solution in slight excess, formed opaque, 
yellow laminz, m. p. 203° (corr.); all attempts to recrystallise this salt resulted in its 
decomposition. The picrate, prepared like the aurichloride, formed tabular, yellow prisms 
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(from aqueous acetone), m. p. 172° (corr.). The salicylate was made by adding salicylic acid 
(0-85 g.) in dry ether (5 c.c.) to the base (1 g.) in dry ether (10 c.c.); colourless, glistening 
laminz, m. p. 154° (corr.), separated in 75% yield after a short time. Neither the normal nor 
the acid phthalate was crystallisable. 

The nitroso-derivative of Base Z was prepared by adding a slight excess of sodium nitrite 
to a solution of the base in dilute hydrochloric acid; it slowly separated as an oil which was 
ether-extracted, but could not be crystallised. 

Hydrolysis of Base Z.—The base from 1 g. of oxalate was refluxed for 2 hours with barium 
hydroxide (1-5 g.) in water (20c.c.). Ether extracted no unhydrolysed base from the mixture. 
After removal of barium as sulphate from the aqueous liquid, the acid filtrate was extracted 
with ether, yielding 0-37 g. of an oily acid with a powerful odour of valeric acid; [a]? + 2-9° 
(c, 6-2 in absolute alcohol) (Found: equiv., 103. Calc. for C;sH,,O,: equiv., 102); yield, 
95%. The p-phenylphenacyl ester, m. p. 69° (corr.), formed dull, colourless laminz from 60% 
alcohol; the m. p. of a mixture with the ester of dl-a-methylbutyric acid [m. p. 71° (corr.)] 
was 66° (corr.). The amide, made from the chloride, formed colourless, foliated laminz (from 
ether), m. p. ca. 120°; mixed with d/-a-methylbutyramide [m. p. 114° (corr.)], it melted at ca. 
108°. 

The aqueous liquid from which the acid had been extracted was freed from sulphuric acid 
by barium carbonate; the filtrate and washings were exactly neutralised with sulphuric acid, 
filtered, and evaporated. The slightly yellow, crystalline residue gave reactions for chloride 
[as well as sulphate; compare the similar behaviour of tigloidine (Part I, loc. cit.), and 
meteloidine (Pyman and Reynolds, J., 1908, 93, 2077)]. It was dissolved in water (1 c.c.), 
excess of 30% aqueous sodium hydroxide added, and the solution repeatedly extracted with 
chloroform. The residue, after evaporation of the solvent, weighed 0-32 g., m. p. ca. 160°; 
yield, 64%. It was dissolved in absolute alcohol (5 c.c.), dry ether (30 c.c.) added, and carbon 
dioxide bubbled through the solution for 10 minutes; the precipitated carbamate was 
collected, and washed with dry ether. It was an almost white, crystalline powder (0-21 g.), 
m. p. 166° (corr.; decomp., with evolution of carbon dioxide), not depressed by nortropine 
carbamate, and was optically inactive (c, 6-5 in water) [Found: N, 9-4. Calc. for 
(C,H,,ON),,CO,: N, 94%]. The nitroso-derivative was prepared by adding a slight excess 
of sodium nitrite to the base (0-1 g.) in Nn/20-hydrochloric acid (4 c.c.); after standing 
overnight, the clear solution was extracted with ether. The residue from the ether separated 
from a small volume of the same solvent in colourless prisms, m. p. 196° (corr.), not depressed 
by an authentic specimen of nitrosonortropine. 

Racemisation of Base Z.—The base from 5 g. of the oxalate was hydrolysed by refluxing . 
for 2 hours with potassium hydroxide (3 g.) in water (40 c.c.). Ether extracted 2 g. of valeric 
acid from the acidified mixture; yield, 100%. The aqueous liquid from which the acid had 
been extracted was treated with 30% of solid potassium hydroxide and repeatedly extracted 
with chloroform. 2-4 G. of nortropine carbamate, m. p. 166-5° (corr.; decomp., with 
evolution of carbon dioxide), were obtained from the extracted base by the above method; 
yield, 84%. 

The ae was treated with potassium hydroxide (5 g.) and sufficient water for solution, and 
boiled for 12 hours in a nickel crucible, water being added to maintain the volume. Ether 
extracted 1-7 g. of acid from the diluted and acidified solution; yield, 86%. It was optically 
inactive (c, 34-0 in absolute alcohol). (This treatment was only adopted after milder methods 
had failed to effect racemisation.) The racemised acid (1-25 g.) and phosphorus trichloride 
(0-65 g.) were heated together at 80—90° for 2 hours. The upper layer was decanted from the 
syrupy residue and refluxed with nortropine hydrochloride (made by titrating 1-75 g. of the 
above carbamate with hydrochloric acid, and evaporating the solution in a vacuum) for 2 
hours on the water-bath. The pale yellow, syrupy product was dissolved in very dilute 
hydrochloric acid, washed with ether to remove free valeric acid, then basified with ammonia, 
and extracted with chloroform. The residue on neutralisation with hydrobromic acid and 
evaporation gave 1-02 g. of a crystalline hydrobromide; yield, 28-5%. After solution in 
chloroform, filtration, and crystallisation from alcohol-ether, colourless, glistening lamine 
were obtained, m. p. 219—-220° (corr.) (Found: C, 49-5; H, 7-7; N, 4:8; Br, 27-6. Calc. for 
C,,H,,0,N,HBr: C, 49-3; H, 7-5; N, 4-8; Br, 27-4%). It was optically inactive (c, 20-0 in 
water). The above m. p. and those of the oxalate, picrate, and methiodide were identical with 
those of the corresponding salts of the natural (dextrorotatory) alkaloid. (The p-phenyl- 
phenacyl ester and amide of the racemised acid also showed the same m. p.’s as those of the 
original acid.) 





1688 Barger, Martin, and Mitchell : 


Synthesis of Tiglylnortropéine.—Nortropine carbamate (1-2 g.) (made from tropine; 
Willstatter, Ber., 1896, 29, 1580) was titrated with hydrochloric acid, and the solution 
evaporated in a vacuum. Nortropine hydrochloride so obtained was refluxed with tiglyl 
chloride (0-95 g.) (Part I, loc. cit.) for 2 hours on the water-bath. The syrupy product was 
dissolved in very dilute hydrochloric acid, and the alkaloid purified and isolated as hydyo- 
bromide as in the case above; weight, 1-59 g.; yield, 70%. After solution in chloroform, 
filtration, and crystallisation from alcohol-ether, dull, colourless laminz were obtained, m. p. 
241—242° (corr.) (Found: C, 49-4; H, 7-0; N, 4:7; Br, 27-4. C,,H,,O,N,HBr requires C, 
49-6; H, 6-9; N, 4:8; Br, 27-6%). The picrate formed golden-yellow, prismatic needles 
(from aqueous acetone), m. p. 207° (corr.), and the methiodide colourless, opaque laminz (from 
alcohol-ether), m. p. 285—286° (corr.; decomp.). 

Synthesis of dl-«-Methylbutyrylnortropéine.—Tiglylnortropéine hydrobromide (1 g.) in water 
(25 c.c.) was shaken with platinum oxide (0-1 g.) in hydrogen. Absorption was slow, and 
ceased after 6 hours when 1 mol. had been taken up. After filtration, basification with 
ammonia, and extraction with chloroform, the theoretical amount (0-73 g.) of a thin syrup 
was obtained. By titration with hydrobromic acid, evaporation, solution of the residue in 
chloroform, filtration, and crystallisation from alcohol—ether, the hydrobromide was obtained in 
colourless, glistening plates, m. p. 201—202° (corr.), raised to ca. 209° by either natural or 
racemised base Z hydrobromide [m. p. 219—220° (corr.)] (Found: N, 4-9; Br, 27-0. 
C,,H,,0,N,HBr requires N, 4:8; Br, 27:-4%). The oxalate formed colourless, glistening 
lamine (from water), m. p. 296—297° (corr.), depressed to 295° (corr.) by base Z oxalate [m. p. 
296—297° (corr.)] [Found: C, 60-8; H, 8-5; N, 5-5. (C,,H,,0O,N),,H,C,O, requires C, 60-9; 
H, 8-6; N,5-5%]. The picrate formed golden-yellow, prismatic needles (from aqueous acetone), 
m. p. 188° (corr.), depressed to 189° (corr.) by base Z picrate [m. p. 172° (corr.)]. The 
methiodide formed dull, pearly laminz (from alcohol-ether), m. p. 295° (corr.). (The alkaloid 
was independently synthesised from dl-«-methylbutyryl chloride and nortropine hydro- 
chloride; the product was identical with the above. «-Methylbutyric acid is obtained in 
theoretical yield by shaking tiglic acid in 45% aqueous alcohol with platinum oxide in 
hydrogen. Sodium tiglate in water is not reduced by this method.) 

p-Phenylphenacyl Esters of the Valeric Acids.—These were prepared from the acids by the 
usual method, and melted as follows: m-valerate, 68° (corr.); isovalerate, 76° (corr.); dl-a- 
methylbutyrate, 71° (corr.); trimethylacetate, 114° (corr.). The first three formed dull, 
felted laminz, the fourth hard, prismatic needles. Mixtures of equal weights melted as below : 


n-Valerate + isovalerate " isoValerate + dl-a-methylbutyrate ... ca. 67° 


- + dl-a-methylbutyrate . + trimethylacetate 
+. trimethylacetate di-a-Methylbutyrate + trimethylacet- 


” 


Melting points of mixtures of isovaleric and dl-a-methylbutyric esters in the following 
ratios of former to latter were then found: 10: 1, 69—70° (corr.), not depressed by the ester 
of the acid from base Z [m. p. 69° (corr.)]; 2:1, 66-5° (corr.). [A mixture of 10 parts of 
isovaleramide, m. p. 136° (corr.), with 1 part of dl-a-methylbutyramide, m. p. 112° (corr.), 
had m. p. ca. 120°, not depressed by the amide of the base Z acid, m. p. ca. 120°.] The 
p-phenylphenacyl esters of the butyric acids were prepared for comparison: mn-butyrate, 82° 
(corr.) ; isobutyrate, 88° (corr.). 

Hydrolysis of p-Phenylphenacyl Esters.—The ester (ca. 0-5 g.) in 70% aqueous acetone (10 
c.c.) was refluxed for 2 hours on the water-bath with concentrated sulphuric acid (0-5 c.c.). 
The cooled mixture was neutralised with n-sodium hydroxide, and ~-phenylphenacy] alcohol 
extracted with chloroform and recrystallised from absolute alcohol (charcoal). The aqueous 
liquid was then acidified with sulphuric acid, and the organic acid recovered in the usual way. 
The yields of acid and alcohol were quantitative. (Hydrolysis with alcoholic potassium 
hydroxide results in complete decomposition, resinification, and loss of both acid and alcohol.) 
p-Phenylphenacy] alcohol, so prepared, formed colourless, prismatic needles, m. p. 132° (corr. ; 
sintering at 130°; Allen and Ball, Canadian J. Res., 1932, 7, 643, give m. p. 123—128° 
(Found: C, 79-1; H, 5-7. Calc. for C,gH,,0,: C, 79-2; H, 5-7%). 

Synthesis of isoV alerylnortropéine.—isoValeric acid (4 g.) and phosphorus trichloride (3-5 g.) 
were heated together at 80—90° for 2 hours. The upper, colourless layer was decanted from 
the syrupy residue and distilled at 115°/760 mm.; yield, 100%. tsoValeryl chloride, so 
obtained (0-65 g.), was refluxed for 2 hours on the water-bath with nortropine hydrochloride 
(0-8 g.), and the alkaloid isolated as hydrobromide as in the previous cases; yield, 57%. After 
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solution in chloroform, filtration, and crystallisation from alcohol-ether, small, colourless 
plates were obtained, m. p. 224—225° (corr.) (Found: N, 4:8; Br, 27-2. C,,H,,O,N,HBr 
requires N, 4-8; Br, 27-4%). Melting points of mixtures with dl-«-methylbutyrylnortropéine 
hydrobromide (assumed to have the same m. p. as the dextro-form) in various ratios were 
found: 10:1, 220° (corr.), not depressed by either natural or racemised base Z hydrobromide 
[m. p. 219—220° (corr.)]; 8:1, 217° (corr.); 4:1, 213—214° (corr.); 8:3, 210° (corr.). The 
oxalate, prepared by neutralising the base with oxalic acid, crystallised in colourless, glistening 
lamine (from water), m. p. 301—302° (corr.), depressed to 296° (corr.) by d/-«-methylbutyryl- 
nortropéine oxalate [m. p. 297° (corr.)] [base Z oxalate has m. p. 296—297° (corr.)} [Found : 
C, 60-8; H, 8-4; N, 5-6. (C,,H,,O,N),,H,C,O, requires C, 60-9; H, 8-6; N, 54%]. The 
picrate formed golden-yellow prisms (from aqueous acetone), m. p. 172° (corr.), and the 
methiodide, which was only sparingly soluble in absolute alcohol, pearly laminz from methyl 
alcohol—ether, m. p. 289° (corr.; darkening at 280°). 

Attempted Separation of Isomers from Base Z.—(A) Fractional crystallisation. Base Z 
hydrobromide was repeatedly crystallised from alcohol-ether without sign of fractionation. 
The salicylate, m. p. 154° (corr.), prepared as described above, was converted into hydro- 
bromide, m. p. 213° (corr.); this in turn yielded salicylate, m. p. 154° (corr.), identical with 
the starting material. The picrate was fractionally crystallised from aqueous alcohol, and 
aqueous acetone, fractions with m. p.’s from 167° to 172° (corr.) being obtained; these yielded 
hydrobromides with m. p.’s from 207° to 210° (corr.) which were evidently mixtures. 

(B) Chromatographic methods. A 1% solution of base Z in chloroform was drawn through 
a column of aluminium oxide (Brockmann), followed by chloroform washings (10 of 15 c.c.). 
70% of the base was unadsorbed; it was converted into hydrobromide, m. p. 215-—217° 
(corr.), evidently a mixture. The column showed no bands under ultra-violet light, and 
yielded nothing to either hot alcohol, acetone, pyridine, or even dilute hydrobromic acid. 
Similar results were obtained with columns of kaolin and of lactose. 

(C) Hydrolysis and fractional precipitation of silver valerates. At 20° the solubilities in 
water of the silver salts of isovaleric and dl-a-methylbutyric acids are respectively 1 in 540 and 
1 in 137 (Beilstein). In the following separation it is assumed that the solubility of silver 
d-a-methylbutyrate is also 1 in 137. The base from 5 g. of base Z oxalate was hydrolysed by 
refluxing with 10% aqueous potassium hydroxide (30 c.c.); 2-31 g. of nortropine carbamate 
(80%) and 2-04 g. of valeric acid (100%) were isolated as-in the previous hydrolysis. The 
acid was neutralised with sodium hydroxide solution and diluted with water to 150 c.c., and 
silver nitrate (3-5 g.) in water (40 c.c.) added dropwise, with constant shaking; the mixture 
was finally diluted with water to 200 c.c., and left overnight, the temperature being maintained 
at 20° throughout. The precipitated silver salt was filtered (suction), rapidly washed with 
water (10 c.c.), and dissolved in dilute aqueous ammonia, and the solution freed from silver 
by hydrochloric acid and extracted with ether. Evaporation of the solvent (dried over 
sodium sulphate) gave 1-14 g. of acid; yield, 56%. The p-phenylphenacyl ester formed 
colourless, foliated laminz, m. p. 76° (corr.), not depressed by authentic p-phenylphenacyl 
isovalerate. The mother-liquor from the silver isovalerate yielded 0-75 g. of residual acid, 
[x]??” + 4-8 (c, 6-0 in absolute alcohol); it was not found possible to effect further separation 
of this mixture. 

The separated isovaleric acid (1 g.) was converted into chloride (1-1 g.), and esterified with 
nortropine hydrochloride (made from 1-4 g. of the above carbamate). The alkaloid was 
purified and isolated as hydrobromide as in the previous cases; yield, 36% on the acid used, 
and 20% on the original oxalate. After solution in chloroform, filtration, and crystallisation 
from alcohol-ether, small, colourless plates were obtained, m. p. 224—225° (corr.), not 
depressed by authentic isovalerylnortropéine hydrobromide. It was optically inactive (c, 8-0 
in water) (Found: N, 4:8; Br, 27-1. Calc. for C,,H,,O,N,HBr: N, 4-8; Br, 27-4%). 

Synthesis of dl-a-Methylbutyryliropéine.—Tiglyltropéine hydrobromide (Part I, loc. cit.) was 
prepared, m. p. 208° (corr.) (Found: C, 51-5; H, 7:2; N, 4:7; Br, 26-2. Calc. for 
C,,;H,,0,N,HBr: C, 51:3; H, 7-2; N, 4:6; Br, 26-3%), and 1 g. was shaken with platinum 
oxide (0-1 g.) in hydrogen. Absorption ceased after 1 hour when i mol. had been taken up. 
After filtration, basification with ammonia, and extraction with chloroform, the theoretical 
amount (0-74 g.) of a thin syrup was obtained. The hydrobromide formed colourless, glistening 
laminz (from alcohol—ether), m. p. 210° (corr.); this was slightly higher than the m: p. of the 
unreduced alkaloid, and a mixture of the two showed a slight elevation to 211° (corr.) (Found : 
C, 50-9; H, 7-8; N, 4:4; Br, 26-1. C,,H,,0,N,HBr requires C, 51-0; H, 7:8; N, 4-6; Br, 
26-1%). The salt was freely soluble in chloroform. The picrate formed golden-yellow prisms 
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(from aqueous acetone), m. p. 225° (corr.), and the methiodide colourless, rectangular plates 
(from alcohol-ether), m. p. 288° (corr.; decomp.) (Found: I, 34-2. C,,;H,,0,N,CH,I requires 
I, 34-6%). This alkaloid is, of course, isomeric with dihydrotigloidine (dl/-«-methylbutyryl-~- 
tropéine) (Part I, loc. cit.). 


Our thanks are due to Messrs. T. and H. Smith, Ltd., Edinburgh, for a generous supply of 
base Z. One of us (W. M.) desires further to express his gratitude to Messrs. T. and H, Smith, 
Ltd., for facilities to carry out this work. 
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318. Addition Compounds of the Carbohydrates. Part IV. Potassium 
Hydroxide Compounds of the Methylglucosides, Maltose, Amylose, and 
Cellulose. 


By W. J. Heppie and E. G. V. PERcIvAL. 


It is shown that addition compounds of the type C;H,,0,,KOH can be prepared 
from «- and 6-methylglucosides, and since 6-methyl glucosazone can be isolated after 
methylation of these compounds, it is concluded that the -CH,-OH group is involved 
in complex formation. The compound C,,H,,0,,,3KOH, derived from maltose, has 
been studied, and after methylation a partly methylated methylmaltoside was 
obtained from which 2-methyl glucose and ‘2: 6-dimethyl glucose derivatives have 
been isolated, indicating the position of the original potassium hydroxide residues to 
be at the reducing group and probably at positions 2 and 6 in the non-reducing gluco- 
pyranose unit. 

Amylose has been shown to give rise to an addition compound of the type 
(C,H,,O;,KOH),, and methylation gave a partly methylated amylose yielding 
2-methyl glucose derivatives on hydrolysis. A similar result was obtained for the 
corresponding cellulose derivative and in neither case were derivatives of the expected 
6-methyl glucose isolated. It is suggested that the -CH,-OH residues of cellulose are 
not available for complex formation, being involved in cross linkages. 


In an attempt to throw some light on the constitution of the alkali hydroxide complexes 
of the polysaccharides, the work reported in Parts I, II, and III (J., 1934, 1160; 1935, 
648; 1936, 1765) has been extended. Although it was previously thought that methy]l- 
glucosides did not form addition compounds with potassium hydroxide, yet from both 
a- and 8-methylglucoside equimolar compounds with the base have been obtained by 
precipitation with ether. These were methylated under the conditions previously 
employed, and after suitable treatment 6-methyl glucosazone was isolated, which is taken 
as evidence of the participation of the primary hydroxyl residues in complex formation. 
The yields of monomethyl methylglucoside so obtained were low (5%), indicating the 
instability of the complex (cf. the yield of 20% of methylglucosides obtained by 
methylating potassium hydroxide-glucose under the same conditions). The alkali- 
combining power of the -CH,°OH residue is therefore low but definite, in accordance with 
Hirsch and Schlags’s view, based on physical measurements (Z. physikal. Chem., 1929, A, 
141, 387), that glucose can behave as a weak dibasic acid. It has been shown previously 
that in the potassium hydroxide complexes of sucrose and cellobiose primary alcoholic 
residues are involved in complex formation. 

Titration experiments (Part I, loc. cit.) indicated that maltose could combine with a . 
maximum of three potassium hydroxide molecules as in the case of lactose but in contrast 
to cellobiose, which only takes up two. Maltose was the most acidic sugar examined by 
Hirsch and Schlags (loc. cit.), who recorded K?* = 11-6 x 10° and K?* = 7-7x10*. Con- 
trolled methylation of the tribasic maltose complex, now isolated, gave rise to a mixture 
of partly methylated methylmaltosides in 10% yield, from which by hydrolysis, followed 
by acetylation and: high-vacuum distillation, di- and mono-methyl glucose acetates were 
separated. 6-Methyl glucosazone was isolated from the dimethyl fraction, and the amide 
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derived from the dimethyl y-gluconolactone obtained on oxidation failed to give the 
Weerman test. These facts, coupled with the failure to isolate any dimethyl osazones, 
show that the substance was 2 : 6-dimethyl glucose triacetate. 

The monomethyl glucose proved to be 2-methyl glucose, for osazone formation yielded 
exclusively glucosazone, and the amide prepared from the y-lactone obtained on oxidation 
again failed to give the Weerman reaction. In the alkali complex, therefore, potassium 
hydroxide residues are associated with the reducing group (since methylmaltosides were 
obtained) and with positions 2 and 6 in one of the glucopyranose fragments. By analogy 
with lactose it is suggested that the non-reducing glucose fragment is involved in this 
“secondary substitution,” since in Part III (loc. cit.) it was shown that two out of the 
three potassium hydroxide residues in the lactose complex were concerned with the 
galactose fragment. Furthermore, since no 6-methyl glucose could be detected in the 
monomethyl glucose fragment, it would appear that the attachment to position 2 is 
stronger than to position 6 in this case, which is remarkable, since «- and §-methy]- 
glucosides, sucrose, and cellobiose have the -CH,°OH group of glucose involved in complex 
formation. The greater reactivity of the hydroxyl group on C, than of that on C, applies 
also to cellulose and amylose, and it is to be noted that in the tripotassium hydroxide 
derivative of lactose (Part III, loc. cit.) position 2 is also concerned. 

Karrer (Helv. Chim. Acta, 1921, 4, 169) has recorded the isolation of a number of 
amylose-alkali complexes of the formula (CgH,,0;)2,NaOH from aqueous solvents. We 
now find that treatment of amylose acetate with an excess of alcoholic potassium 
hydroxide yields a product approximating in composition to (CgH,,0;,KOH),. Some 
degradation took place on methylation, but a partly methylated amylose acetate was 
isolated from which, on hydrolysis and fractionation, a monomethyl glucose tetra-acetate 
was obtained; this appeared to be identical with that isolated from maltose, for it gave 
rise exclusively to glucosazone. A similar product was obtained from the degraded 
portion, so the methylation appears to have been restricted to C,. It is considered likely 
that the partly methylated amylose acetate is not a mixture of amylose acetate and 
2-methyl amylose triacetate, but amylose acetate which is substituted by methyl groups 
on about one in every six glucopyranose units. It is certain that, even if all the gluco- 
pyranose units of amylose carry one potassium hydroxide residue, and this would appear 
possible from the titration, a large proportion will escape substitution by methoxyl on 
account of the unstable nature of the linkage, just as potassium hydroxide-glucose fails 
to give a quantitative yield of methylglucoside under similar conditions. The evidence 
presented is thus in harmony with the view that the potassium hydroxide is associated 
with the hydroxyl group on C, in the «-glucopyranose units of amylose. 

The composition of alkali cellulose has been the subject of controversy for many years, 
but although the formulation (C,H,)0;).,.NaOH has been strongly supported for the 
sodium hydroxide compound (Vieweg, Ber., 1907, 40, 3876; Rassow and Wolf, idid., 
1929, 62, 2949), other workers (Gladstone, J., 1852, 5, 17; Percival, Cuthbertson, and 
Hibbert, J. Amer. Chem. Soc., 1930, 52, 3257) have favoured the structure 
(CsHy,0;,NaOH),. The corresponding potassium hydroxide-cellulose was prepared’ 
according to the method described by the last authors for the sodium analogue, and found 
to correspond closely to the 1:1 formula. Methylation with anhydrous methyl sulphate 
yielded a fibrous, partly methylated product of variable methoxyl content (OMe, 5—9%), 
from which by hydrolysis, removal of glucose by fermentation, acetylation, and distill- 
ation, 2-methyl glucose tetra-acetate was isolated. In this case, as in the others dealt 
with in this paper, the free sugar gave rise exclusively to glucosazone, but it was 
unfortunate that 2-methyl glucose phenylhydrazone could not be crystallised. This was 
doubtless due to the presence of impurity, since it was shown by Munro (Thesis, 
Edinburgh, 1936) that this substance was exceedingly difficult to prepare from impure 
2-methyl glucose. Careful search, however, failed to reveal the presence of any other 
methylated glucose, and the inference is therefore drawn that in cellulose position 2 in 
the 6-glucopyranose unit is the significant factor in linking the alkali hydroxide to the 
polysaccharide. Lieser and his co-workers (Amnalen, 1929, 470, 104; 1930, 483, 132; 
1932, 495, 235; 1934, 511, 128; 1936, 522, 56) have proved that position 2 is involved 
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in xanthate formation, and since soda cellulose is the precursor of xanthate formation, 
their results are in agreement with those now presented. On the other hand, Piwonka 
(Ber., 1936, 69, 1965), by the methylation of a sodium hydroxide cupri-cellulose 
preparation in the presence of water, appears to have isolated 3-methyl glucosazone. 
Unless the copper exerts a directive influence, this result is not in agreement with ours 
and this point is being further investigated. 

No evidence is forthcoming as to the entry of a methoxyl residue into the primary 
alcoholic groups present in cellulose, although both a- and #-methylglucosides and 
cellobiose (Part III, loc. cit.) suffer substitution at this point and the -CH,°OH residue is 
admittedly more reactive than -CH-OH. The speculation may be permitted, therefore, 
that the ‘‘ secondary valency ”’ forces which are presumed to hold the chains together 
(Cox, Ann. Reports, 1937, 34, 189) involve the -CH,°OH residues. The same argument 
cannot, however, be applied in the case of amylose, since maltose undergoes substitution 
both at the secondary hydroxyl residue on C, and at the -CH,°OH group, although this 
does not exclude the above possibility. 


EXPERIMENTAL. 


Potassium Hydroxide—a-Methylglucoside.—a-Methylglucoside [m. p. 164°, [a]} + 155° in 
water (c, 0-5)] (20 g.) in water (10 c.c.) and absolute alcohol (250 c.c.) was mixed with a 
solution of potassium hydroxide (11 g.) in alcohol (100 c.c.), and dry ether (700 c.c.) added. 
The mixture was well shaken and kept out of contact with air for 15 mins. The white 
precipitate was then filtered off rapidly, washed with alcohol (25 c.c.) and ether (25 c.c.), 
transferred to a porous plate, and dried in a vacuum over phosphoric oxide (Found: KOH, 
21:3. C,H,,0,,KOH requires KOH, 22-4%). The analyses of a number of such products are 
recorded below. 


Concn. of a-methylglucoside, 
750 560 500 3:80 3:00 2-50 1-67 &# 1:36 


the glucoside—alkali solu- 


tion before addition of . 
ether 1-21 0-900 0-550 0-600 0-450 0-360 0-300 0-200 0-165 


% KOH in isolated product 20:3 240 213 22-7 20-4 18-8 19-2 17-6 16-7 


Reaction with methyl sulphate. The method previously described was employed, the dry 
addition compound (20 g.) being stirred with dry neutral methyl sulphate (100 c.c.) for 5 mins. 
at 60° and for 15 mins. at 75°. After removal of the potassium methyl sulphate, potassium 
hydroxide (6 g.) in alcohol (40 c.c.) was added until no further precipitation occurred (16 g.) ; 
the residue on acetylation yielded a syrup (1-1 g.) which was purified by distillation under 
0-05 mm. at 185—195° (bath temp.); yield 0-75 g.; [aJ]i® + 112° in chloroform (c, 0-5) 
(Found : OMe, 17-5; CH,°CO, 37-5. Calc. for C,,H,,0,: OMe, 18-6; CH,-°CO, 38-6%). 

Isolation of 6-methyl glucosazone. The acetylated syrup (0-7 g.) was deacetylated by 
Zemplén’s method, hydrolysed with 5% hydrochloric acid for 6 hours, the acid neutralised 
with silver carbonate, the solution evaporated to 10 c.c., and the osazone prepared in the usual 
manner. Two crops of osazone were isolated and recrystallised from aqueous alcohol; yield 
0-1 g.,.m. p. 182°. The mixed m. p. with 3-methyl glucosazone was 158—162°, but with an 
authentic specimen of 6-methyl glucosazone there was no depression (Found: OMe, 7:5. 
Calc. for C,,H,,0,N,: OMe, 8-3%). 

Potassium Hydroxide-B-Methylglucoside.—The 6-methylglucoside tetra-acetate employed 
had m. p. 104°, [a]? — 18-3° in chloroform (c, 0-9). Two methods were used for determining 
the alkali-combining capacity, the first (Table I) with pure 6-methylglucoside, preparation of 
the addition compound as described above, and analysis, and the second (Table II) with the 
product obtained by simultaneous deacetylation and compound formation from $-methyl- 
glucoside tetra-acetate as previously described for galactose (Part III, loc. cit:). 


TABLE I. 


Concn. of B-methylglucoside, % , 5-59 5-26 4-19 
Initial normality of KOH in the original solution before pptn. with 
ether 1- 1-10 0-63 0-25 


% KOH in isolated product ° 18-6 20-7 21-4 
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TABLE II. 


Concn. of tetra-acetyl f- 
methylglucoside, % 8-60 4-44 2-80 
Initial normality of KOH in 
the original glucoside— 
alkali solution before addi- 
tion of ether 1-43 0-887 ; : 0-615 0-572 0-500 0-463 


% KOH in isolated product 18-8 22-2 21-9 ° 21-4 22-2 21-8 22-5 


Potassium hydroxide—B-methylglucoside (22 g.) was prepared by adding to 6-methylglucoside 
(40 g.) mixed with alcohol, potassium hydroxide (40 g.) in alcohol (350 c.c.), followed by ether 
(1500 c.c.). After 30 mins., the product was treated as before (Found : KOH, 20-2%). 

Isolation of 6-methyl glucosazone. Treatment of this product (20 g.) as described above 
afforded a triacetyl monomethyl 6-methylglucoside (1-5 g.), b. p. 180—190° (bath temp.) /0-06 
mm., [a]#8° — 19-4° in chloroform (c, 0-9) (Found: OMe, 16-7%). This syrup (1-0 g.) was 
then deacetylated, hydrolysed, and an osazone prepared. The crude osazone on recrystallisation 
gave 0-08 g. of product (Found: OMe, 7-5. Calc. for CygH,,O,N,: OMe, 8-3%), m. p. 181°, 
unchanged on admixture with 6-methyl glucosazone, but depressed to 160—163° on admixture 
with 3-methyl glucosazone. 

Potassium Hydroxide—Maliose.—The alkali-combining capacity of the sugar was determined 
by both the direct and the indirect titration method and the results described in Part I (loc. 
cit.) were confirmed : e.g., concn. of maltose 1-20%; normality of KOH, initially 1-37, finally 
1:36; KOH combined, 32-2% (indirect), 32-3% (direct). C,,;H,,0,,,3KOH requires KOH, 
330%. Maltose (30 g.) was dissolved in water (70 c.c.) and alcohol (500 c.c.), and alcoholic 
potassium hydroxide (360 c.c. of 1-0N) was added. The product (36 g.) isolated in the usual 
way contained KOH, 29-1%. Methylation was carried out on the above product with dry 
neutral methyl sulphate for 5 mins. at 65° and for 10 mins. at 70—75°. After removal of 
potassium methyl sulphate, an excess of N-alcoholic potassium hydroxide was added, followed 
by ether. The addition compounds so produced were collected and dried. The ethereal 
filtrate was acidified with acetic acid, and the residue obtained on evaporation was acetylated, 
yielding a non-reducing syrup (3 g.), [«]}* + 103° in chloroform (c, 0-5) (Found: OMe, 16-6; 
CH,°CO, 35-1. Calc. for C,;H,;,0,,: OMe, 15-7; CH,°CO, 36-2%). 

Hydvolysis and fractionation of the partly methylated maltose. After deacetylation, this 
syrup was hydrolysed with 1-5n-sulphuric acid for 6 hours. After neutralisation, evaporation, 
and extraction with alcohol, a partial fractionation was achieved by the addition of alcoholic 
potassium hydroxide, yielding a precipitate (A) which was collected and dried (0-9 g.), followed 
by the addition of dry ether (200 c.c.) to the filtrate to bring about complete pats = ot (B) 
(0-2 g.). The filtrate was neutralised with glacial acetic acid, evaporated, and acetylated. 
(A) on acidification and treatment with phenylhydrazine yielded glucosazone (mixed m. p.) 
(OMe, nil). (B) yielded an impure glucosazone (OMe, 2-0%), showing that in an attempt to 
remove all the free glucose, some methylated glucoses were also precipitated. The syrup (1-3 
g.) obtained on acetylation of the residue had [«]}?’ + 52-3° in chloroform (c, 0-8) (Found : 
OMe, 15-9; CH,-CO, 37-1%). This was evidently a mixture of acetylated mono- and di- 
methyl glucoses: 

Fractionation of the acetylated syrup. Syrups (7-4 g.) from four such experiments were 
distilled under 0-05 mm. Apart from a small quantity (0-2 g.), b. p. 140—160° (bath temp.) 
(Found : OMe, 17-5%), the main portion I (4-8 g.) distilled between 155° and 180° (bath temp.) 
(Found : OMe, 17-5%) and was followed by II (1-7 g.), b. p. 180—230° (bath temp.) (Found : 
OMe, 9-9%). 

Examination of I: triacetyl dimethyl glucose. Fraction I was redistilled, yielding a 
colourless syrup, [«]}§° + 59° in chloroform (c, 0-5) (Found: OMe, 17-5; CH,°CO, 38-2. 
Calc. for C,,H,,0,: OMe, 18-6; CH,°CO, 38-5%). A portion (1-4 g.) was deacetylated and 
subjected to osazone formation. The crude osazone, obtained in poor yield, gave 6-methyl 
glucosazone (0-03 g.) (Found: OMe, 6-9%) on recrystallisation, m. p. 179—181°, unchanged 
in admixture with an authentic specimen, and m. p. 161° when mixed with 3-methy] glucosazone. 
The mother-liquors from the recrystallisation were examined for the presence of a dimethyl 
osazone but none could be detected, and the original reaction solution was extracted with 
chloroform with the same object but again without success. This result, and in particular the 
poor yield of osazone, are consistent with the view that the dimethyl glucose carries a methoxyl 
residue on C,, and the isolation of 6-methyl glucosazone indicated that the substance was 


2 : 6-dimethy] glucose triacetate. 
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Lactone formation. After deacetylation of the above syrup (1-2 g.) with barium hydroxide 
and oxidation with bromine at 35° for 60 hours and at 45° for 40 hours until the product was 
non-reducing, the latter was worked up in the usual way by decomposition of the silver salt of 
the resulting acid with hydrogen sulphide, and lactonisation at 100°/0-05 mm. for 3 hours gave 
a colourless syrup (0-5 g.), [«]}®* + 49° —» + 30-5° after 3 days (Found: OMe, 27-7. Calc. 
for C,H,,0,: OMe, 30-1%). After treatment with methyl-alcoholic ammonia at 0° for 24 
hours, an amide was obtained as a hard glass, [«]}®° + 52° in water (c, 0-4) (Found: OMe, 
25-9; N, 6-0. Calc. for C,H,,O,N : OMe, 27-8; N, 6-3%). This amide (0-2 g.) was subjected 
to the Weerman reaction with sodium hypochlorite and semicarbazide hydrochloride but no 
hydrazodicarbonamide was formed, indicating substitution on C,. Gluconamide (0-01 g.) 
under the same conditions gave hydrazodicarbonamide (0-004 g.). 

Examination of fraction II. Further fractionation failed to reduce the methoxyl content 
(Found: OMe, 10-0. Calc. for a tetra-acetyl monomethyl glucose: OMe, 8-6%), and it was 
clear that complete separation from the dimethyl glucose had not been effected. 

Deacetylation of the syrup (0-7 g.) followed by the usual treatment led to the isolation of 
an osazone (0-16 g.) devoid of methoxyl; m. p. 199°, not depressed on admixture with 
glucosazone. : 

A further portion (0-4 g.) of the syrup was deacetylated with barium hydroxide and 
converted into the lactone as before (0-2 g.). The slow change in rotation, [«]}?° + 51° —> 
+ 26° in 4 days (c, 0-3, in water), indicated that it was mainly ay-lactone. This was converted 
into the amide as before; [«]}¥" + 37° in water (c, 0-6) (Found: OMe, 12-8; N, 6-4. Calc. 
for C,H,,0,N : OMe, 14:8; N, 6-7%). The amide did not give the Weerman reaction. 

The precipitates obtained from several experiments, by the addition of ether to the 
solution after methylation of the original addition compound, removal of potassium methyl 
sulphate, and addition of alcoholic potassium hydroxide to remove unchanged maltose, were 
combined and acetylated. A mixture of mono- and di-methyl methylmaltoside acetates 
(Found : OMe, 12-3%) was obtained, which was hydrolysed, partially fractionated with alcoholic 
potassium hydroxide, acetylated, distilled, and subjected to osazone formation as above, with 
the same results. 

Potassium Hydroxide—Amylose.—Amylose was prepared from potato starch by the method 
of Baird, Haworth, and Hirst (J., 1935, 120), the water-soluble product having [a]}®* + 180° 
in water (c, 0-2). After acetylation with pyridine and acetic anhydride, an acetate was 
obtained, [a]}* + 171° in chloroform (c, 0-2) (Found: CH,°CO, 43-5. Calc. for C,,H,,0,: 
CH,°CO, 44:8%). The alkali-combining capacity was determined by treatment of the acetate 
with standard alcoholic potassium hydroxide according to the method described in Part III 
(loc. cit.) and the results are recorded below. _ 


Concn. of KOH, n (final) 0-770 0-773 0-446 0-565 0-540 0-390 0-247 
KOH, g., required to deacetylate 100 
. of triacetate 62-5 57-6 58-9 53-7 51-0 49-3 46-7 
KOH, g-, combined withf Method (1) 27:1 27-2 27-1 29-1 27-1 27-0 28-9 
100 g. of amylose * Method (2) 29-3 30-0 28-9 30-5 30-9 29-4 32-1 


* In (C,H,,0;,KOH),, 100 g. of amylose are combined with 34-6 g. of KOH. 


Preparation of potassium hydroxide—amylose. Amylose acetate (40 g.) suspended in alcohol 
(175 c.c.) was treated with alcoholic potassium hydroxide (2n, 400 c.c.) and kept for 3 hours. 
The product (30 g.) was isolated in the usual way [Found: KOH, 23-6. (C,H,,0;,KOH), 
requires KOH, 25-7%]. 

Methylation, and examination of the products. Methylation was carried out as previously 
described. The product (15 g.) remaining after extraction with methyl alcohol was washed 
with acetone, and extracted with pyridine (300 c.c.) at 65°. To the resulting solution, acetic 
anhydride (180 c.c.) was added, the mixture kept at 70° for 3 hours and then at room 
temperature for’ 2 days, the product being isolated by pouring into water, followed by 
extraction with chloroform in the usual way. A yellow friable glass (4-2 g.) was obtained, 
[a}}® +- 182° in chloroform (c, 0-7) (Found : OMe, 2-5; CH,°CO, 40-3%). This substance was 
deacetylated, hydrolysed with 1-5n-sulphuric acid, the solution neutralised with barium 
carbonate, evaporated to dryness, and extracted with alcohol. 2n-Alcoholic potassium 
hydroxide was added to the extract, the precipitate removed, and dry ether added until no 
further turbidity was produced. Both precipitates were examined by acidification and 
treatment with phenylhydrazine acetate: only glucosazone resulted. In a second experiment 
the dry precipitates were acetylated, and the acetylated syrup from the first precipitate was 
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found to be devoid of methoxyl, whilst that obtained by the addition of ether contained OMe, 
1—2%, so some methylated glucoses were lost. The filtrate after removal of unchanged 
glucose was acidified with acetic acid; evaporated to dryness, and acetylated, the product 
(0-5 g.) being distilled as before. A syrup was isolated (0-3 g.), [«]>° + 32° in chloroform 
(c, 0-3) (Found: OMe, 8-6. Calc. for C,s;Hy,0,,: OMe, 86%). This substance was 
deacetylated, and on treatment with phenylhydrazine, yielded glucosazone (0-07 g.), m. p. 
199°, unchanged on admixture with an authentic specimen (OMe, nil). 

The methyl-alcoholic filtrate after the removal of potassium methyl sulphate was treated 
with excess of 2n-alcoholic potassium hydroxide (100 c.c.), and the precipitation completed 
by addition of a large volume of dry ether. The filtrate was atidified, evaporated, and 
acetylated to yield a syrup (1-5 g.), [«]} + 73° in chloroform (c, 0-5) (Found: OMe, 12-4; 
CH,°CO, 37-7%), the rotation indicating that hydrolysis of the amylose had taken place. This 
product was deacetylated, hydrolysed, treated with alcoholic potassium hydroxide and ether, 
and finally acetylated. The precipitated potassium hydroxide complexes yielded exclusively 
glucosazone on suitable treatment, and acetylation of a portion gave a syrup devoid of 
methoxyl as expected. The acetylated syrup derived from the filtrate (0-2 g.) had OMe 
8-6%, but on deacetylation and osazone formation only glucosazone (0-06 g.) was isolated, 
thus giving support to the previous result. 

Potassium Hydroxide—Cellulose.—The addition product was prepared by the method of 
Percival, Cuthbertson, and Hibbert (loc. cit.) with 35% aqueous potassium hydroxide instead 
of sodium hydroxide (Found: KOH, 24-1. C,.H,,0,,KOH requires KOH, 25-:7%). Methyl- 
ation was carried out on 5 g. at 66° for 15 mins., the liquid decanted, and the product (3-6 
g.) washed with acetone and then with water. After drying in the usual way, a white fibrous 
product was obtained, similar to the original cotton but of a slightly harsher texture. The 
methoxyl content varied from 5 to 9% for various samples (Calc. for monomethy] cellulose : 
OMe, 17-6%). 

The method of Haworth and Machemer (J., 1932, 2270) was employed to hydrolyse 8 g. of 
this product (OMe, 9%), and the resulting aqueous solution was subjected to fermentation 
with yeast for 6 days, then filtered, and evaporated to dryness. The dried residue was 
converted into glucosides by 5% methyl-alcoholic hydrogen chloride, and the products (3-4 
g.) acetylated with pyridine and acetic anhydride. The syrupy acetate was then distilled 
(0-05 mm.) to yield: fraction I (1-96 g.), b. p. 180—190° (bath temp.); fraction II (0-7. g.), 
b. p. 190—210° (bath temp.); residue 1-3 g. Fraction I was a colourless syrup and appeared 
to be a triacetyl monomethyl methylglucoside, [a]? + 77° in chloroform (c, 0-5) (Found : 
OMe, 18-8; CH,°CO, 38-5. Calc. for C,,H,,0,: OMe, 18-6; CH,°CO, 38-6%). It was 
deacetylated, hydrolysed with 1-5n-sulphuric acid for 6 hours, and the free sugar (0-6 g.) 
treated with phenylhydrazine in the usual way to yield an osazone (0-1 g.); this was devoid 
of methoxyl, and had m. p. 200°, unchanged on admixture with glucosazone. Fraction II 
was a colourless syrup (Found: OMe, 11-3; CH,°CO, 446%), and was tetra-acetyl methyl- 
glucoside, contaminated with a little of fraction I, derived from glucose which had escaped 
fermentation. 
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319. Methylation of a-Methylglucoside by Thallous Hydroxide and 
Methyl Iodide. 


By C. C. BARKER, E, L. Hirst, and J. K. N. JONgEs. 


It is shown that methylation of a-methylglucoside by the thallous hydroxide— 
methyl iodide process gives the fully methylated product, in addition to trimethyl 
a-methylglucoside, if excess of thallous hydroxide is used in the formation of the 
thallium derivative of the sugar. The trithallium derivative of «-methylglucoside is 
not homogeneous, but contains all four possible isomers: substitution in positions 
2:4:6 and 2:3: 6 is favoured and the 2: 3: 4- and 3: 4: 6-trithallium derivatives 
are present in relatively small amounts. It is concluded that positions 2 and 6 react 
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most readily and that the non-formation of the tetrathallium derivative is due to 
solubility considerations which result in the precipitation of trithallium derivatives. 
A method for the preparation of the inaccessible 2 : 4 : 6-trimethy] glucose is given and 
methods have been devised for the analysis of mixtures of trimethyl glucoses. 


It was shown by Fear and Menzies (J., 1926, 929) that «-methylglucoside readily formed 
a trithallium derivative which reacted with boiling methyl iodide, giving a trimethyl 
methylglucoside. This method of methylation has been employed also by Purves and 
Hudson (J. Amer. Chem. Soc., 1937, 59, 49, 1170) in the case of the simple sugars and it has 
recently been adapted by two of the present authors for the methylation of polysaccharides 
(Hirst and Jones, this vol., p. 496). In view of the utility of the reaction we decided to 
investigate it in greater detail and the present paper is concerned with two main questions, 
namely, the reason for the formation of a trithallium derivative of «-methylglucoside 
instead of the expected tetrathallium derivative, and, secondly, the nature of the partly 
methylated glucose formed from the trithallium compound. It seemed likely that 
information might be gained in this way concerning the relative reactivities of the four 
hydroxyl groups and that the way might be opened up for the preparation of partly 
methylated sugars which are otherwise accessible only with difficulty. 

The latter possibility has in fact been realised in that crystalline 2 : 4 : 6-trimethyl 
glucose can be isolated with ease after hydrolysis of the trimethyl methylglucoside obtained 
by heating the trithallium derivative of «-methylglucoside with methyl iodide. Never- 
theless this trimethyl methylglucoside is not homogeneous, but contains all the four tri- 
methyl derivatives theoretically obtainable from «-methylglucopyranoside. There is a 
marked predominance of 2:4: 6- and 2:3: 6-trimethyl glucoses, 2:3:4- and 3:4: 6- 
trimethyl glucoses being present only in small amount. It appears, therefore, that 
positions 2 and 6 are favoured in the reaction with thallium hydroxide and that when three 
thallium atoms have entered the molecule, in any of the four possible ways, the solubilities 
are such that precipitation of the trithallium derivative occurs. 

That there is no special hindrance to complete methylation by this process is revealed 
by the observation that a considerable yield of tetramethyl «-methylglucoside is obtainable 
by heating with methyl iodide the above trithallium compounds mixed with an excess of 
thallous hydroxide. The reaction then becomes analogous to the Purdie method of 
methylation. 

Since no rigid proof of the constitution of 2 : 4 : 6-trimethyl glucose has been given 
(Oldham’s proof, J. Amer. Chem. Soc., 1934, 56, 1360, although conclusive, being dependent 
on elimination of other possibilities), this sugar has been further characterised (a) by its 
conversion into the corresponding $-methylglucoside by Oldham’s method, (0) by its 
failure to react with cold dilute methyl-alcoholic hydrogen chloride (Haworth and Sedgwick, 
J., 1926, 283), showing the presence of a methoxyl group at C,, and (c) by its oxidation to 
a 8-lactone, from which the crystalline amide of 2:4: 6-trimethyl gluconic acid was 
obtained. This amide gave a negative Weerman reaction and therefore had a methoxyl 
group at C,. The sugar must therefore be either 2:3:4- or 2:4: 6-trimethyl glucose 
and its properties definitely rule out the former of these two possibilities. It was identical 
with the sugar prepared by Haworth and Sedgwick (loc. cit.) and tentatively described by 
them as the 2 : 4 : 6-derivative, proof of this identity being given by X-ray crystallographic 
examination, for which we are indebted to Dr. T. Malkin of this department. 

The syrupy mixture of sugars (83% of the total) left after removal of the crystalline 
2:4: 6-isomeride (17% of the total) was shown to contain other trimethyl glucoses in the 
following way. In cold 1% methyl-alcoholic hydrogen chloride partial transformation 
to a methylglucofuranoside took place, pointing to the presence of 2: 3: 6-trimethyl 
glucose in which the hydroxyl group at C, is unmethylated. Each of the other three 
possible sugars has position 4 methylated and transformation to the furanoside, indicated 
by initial downward trend of rotation value, cannot take place. By comparison with 
rotational changes observed with 2 : 3 : 6-trimethyl glucose under similar conditions it was 
estimated that the syrup contained about 45% of 2 : 3 : 6-trimethyl glucose. 

Another portion of the syrup was converted into the corresponding mixture of lactones 
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and the latter were transformed into the amides. The mixed amides gave a positive 
Weerman test with sodium hypochlorite and by assuming the usual yield of hydrazodi- 
carbonamide obtainable in this reaction (approximately 40% of the theoretical) it was 
calculated that the syrup contained some 12% of a sugar (3:4: 6-trimethyl glucose) 
possessing a hydroxyl group at C,. 

An approximation to the content of 2:3: 4-trimethyl glucose was made by forming 
the ~-toluenesulphonates of the mixed methylglucosides and treating the mixture with 
sodium iodide in acetone. Under these conditions the #-toluenesulphonyl group at C, 
is replaced by iodine and a quantitative estimation indicated that about 5% of the syrup 
consisted of 2 : 3: 4-trimethyl glucose. The portion of syrup unaccounted for (38%) was 
presumably 2:4: 6-trimethyl glucose which had failed to crystallise and from these 
figures it appears that the thallium hydroxide had reacted with «-methylglucoside, giving 
all the possible trisubstituted derivatives in approximately the following proportions : 
2:4: 6-derivative, 50%; 2:3: 6-derivative, 36%; 3:4: 6-derivative, 10%; 2:3:4- 
derivative, 4%. 


EXPERIMENTAL. 


Methylation of a-Methylglucoside.—Formation of the thallium compound of a-methyl- 
glucoside by the method of Fear and Menzies (loc. cit.), followed by reaction with methyl iodide, 
gave exclusively trimethyl «a-methylglucoside as stated by these authors. When a large excess 
of thallous hydroxide was used, the product was a thallium derivative of «a-methylglucoside 
admixed with thallium hydroxide and this with boiling methyl iodide gave tetra- in addition 
to tri-methyl a-methylglucoside. Thallous hydroxide (1-33n, 1200 c.c.) was evaporated to a 
small volume (400 c.c.) and poured hot into a solution of a-methylglucoside (38 g.) in water 
(18 c.c.). The precipitate was filtered off and dried (7 days) in a vacuum over phosphoric oxide 
in the absence of light. The dry powder (243 g.) was boiled with methyl iodide (115 c.c.) for 
6 hours, the excess of methyl iodide then distilled off, and the residue extracted with chloroform. 
The extracts were concentrated to a syrup (31 g.), which gave on fractional distillation: (I) 
tetramethyl «-methylglucoside (6-15 g.), b. p. 125°/0-01 mm. (bath temp.), }7" 1-4450 (Found : 
OMe, 61-0. Calc. for C,,H,,0,: OMe, 62-0%). On hydrolysis with 8% hydrochloric acid at 
95° this gave nearly quantitatively tetramethyl glucopyranose, m. p. 87°.. (II) A mixture of 
tetramethyl a-methylglucoside and trimethyl «-methylglucoside (4-73 g.), b. p. 135°/0-01 mm. 
(bath temp.), }?°" 1-4522 (Found : OMe, 55-4%). (III) Trimethyl «-methylglucoside (17-47 g.), 
b. p. 140—143°/0-01 mm. (bath temp.), nj** 1-4572 (Found : OMe, 51-9. Calc. for CygH 90, : 
OMe, 52:5%). The still residue weighed 2-7 g. Fraction III (17-4 g.) was heated with 8% 
hydrochloric acid on the boiling water-bath for 8 hours. After neutralisation by barium 
carbonate the filtered solution was concentrated to dryness at:40°/12 mm. The organic 
material was taken up in chloroform and on removal of the solvent a syrup (14-5 g.) was obtained 
which partly crystallised. The mixture of syrup and crystals was triturated with ether until 
the syrup (A) dissolved, leaving crystalline 2 : 4: 6-trimethyl glucose (2-9 g.), m. p. 123—126° 
(after recrystallisation from ether). Mixed m. p. with a sample of the sugar prepared by 
Haworth and Sedgwick (loc. cit.) 123—124°. [a]? + 110°——»> + 70° (in methyl alcohol; 
c, 1-0). Apart from initial mutarotation to 70° no rotation change was observed during several 
days when the sugar was dissolved in 1% methyl-alcoholic hydrogen chloride. The sugar 
(1 g.) was converted into the corresponding $-methylglucoside (0-5 g.), m. p. 69—70°, by the 
method of Oldham (J. Amer. Chem. Soc., 1934, 56, 1360) (compare Haworth and Sedgwick, Joc. 
cit.) (Found : OMe, 51-8%). 

2:4: 6-Trimethyl 8-gluconolactone.* The sugar (1 g.) was dissolved in water (6 c.c.) containing 
bromine (1 c.c.), and the solution kept at 55° for 4-5 hours until it was non-reducing. Bromine 
was removed by aeration, the solution neutralised with silver carbonate and filtered, and 
hydrogen sulphide passed through the filtrate. Silver sulphide was removed by filtration and 
the aqueous solution was concentrated to a syrup, which gave on distillation 2 : 4 : 6-trimethyl 
8-gluconolactone (0-8 g.), b. p. 150°/0-01 mm. (bath temp.), u?” 1-4690, [«]?” + 104° (in chloroform, 
c, 57). [a]? + 87° (initial value in water, c, 1-3); 72° (70 mins.); 65° (100 mins.) ; 60° (130 
mins.); 50° (200 mins.); 40° (350 mins.); 37° (550 mins., constant value) (Found: OMe, 


* After these results had been submitted for publication a paper appeared by Lake and Peat (this 
vol., p. 1417) in which the lactone and amide of 2: 4: 6-trimethyl gluconic acid were described. The 
constants given in the present paper are in good agreement with those recorded by these authors. 
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41:1; equiv., by titration, 218. C,H,,O, requires OMe, 42-3%; equiv., 220). The lactone 
was dissolved in dry ether, and the solution saturated with dry ammonia. 2: 4: 6-Trimethyl 
gluconamide separated as a crystalline solid (yield, quantitative), m. p. (after recrystallisation 
from acetone-light petroleum) 98°; [a]?° + 54° (in methyl alcohol, c, 1-1) (Found: C, 45-3; 
H, 8-2; N, 5-6; OMe, 38-6. C,H,,O,N requires C, 45-6; H, 8-0; N, 5-9; OMe, 39-2%). A 
solution of the amide (50 mg.) in water (2 c.c.) was cooled to 0°, a slight excess of cold sodium 
hypochlorite solution added, and the mixture kept at 0° for 1 hour. Excess of hypochlorite 
was then removed by addition of sodium thiosulphate, and anhydrous sodium acetate (0-5 g.) 
and semicarbazide hydrochloride (0-1 g.) added; no precipitate of hydrazodicarbonamide 
formed during several hours. 

Estimation of 2:3: 6-Trimethyl Glucose in the Syrup A.—The syrup A (see above) was 
recovered from its solution in ether, and a portion of it dissolved in 1% methyl-alcoholic 
hydrogen chloride (c, of sugar, 3-32). [a]}” + 73° (initial value); 63° (45 mins.); 57° (1-5 hrs.) ; 
50° (2-5 hrs.); 26° (10 hrs., minimum value, followed by very slow change). Under similar 
conditions 2: 3 : 6-trimethyl glucose (c, 1-0) showed the following rotational changes: [a]}” 
+ 73° (value on completion of mutarotation); + 50° (1 hr.); + 30° (2 hrs.); + 15° (3 hrs.); 
— 4° (4 hrs.); — 17° (5 hrs.); — 23° (6 hrs.); — 29° (7 hrs.); — 31° (8 hrs.) (minimum 
value). From the magnitude of the rotational changes between the initial and the minimum 
values given above it is possible to calculate the approximate content (45%) of 2: 3: 6-tri- 
methy] glucose in the syrup, since only the latter sugar displays rotational change under these 
conditions. 

Detection and Estimation of 3 : 4: 6-Trimethyl Glucose in Syrup A.—The syrup was oxidised 
with bromine water in the usual way and the product was heated to convert the acids into 
lactones (yield, 80%). The mixed lactones had b. p. 150°/0-01 mm. (bath temp.), ny” 1-4642, 
and [a]? + 70° (initial value in water, c, 1-4), falling rapidly (6 hrs.) to + 42°, followed by slow 
downward change (these figures are in agreement with the view that 2 : 3 : 6-trimethyl glucose 
is present to the extent of 40—45%) (Found: OMe, 40-4%; equiv., 219). 

The mixed amides were prepared by dissolving the lactones in liquid ammonia (method of 
Jellinek and Upson, J. Amer. Chem. Soc., 1938, 60, 356). The syrupy amide mixture was 
treated with sodium hypochlorite as described above. Yield of hydrazodicarbonamide, m. p. 
and mixed m. p. 256°, 5% of the theoretical. Since arabonamide and amides of other sugar 
acids having a free hydroxyl group at C, give hydrazodicarbonamide in about 40% yield 
under these conditions, it is inferred that the mixed amides contained some 12% of 
3:4: 6-trimethyl gluconamide. 

Estimation of 2 : 3: 4-Trimethyl Glucose in Syrup A.—A portion of the syrup was boiled with 
2% methyl-alcoholic hydrogen chloride until the sugars were converted into the corresponding 
methylglucosides. The mixed glucosides (1-8 g.) were dissolved in dry pyridine (25 c.c.), and 
p-toluenesulphony] chloride (1-6 g.) added. The solution was kept at 50° for 12 hours and then 
poured into water. The aqueous solution was extracted with benzene and the benzene was 
washed successively with concentrated hydrochloric acid, aqueous sodium carbonate, and water. 
The solution was dried over magnesium sulphate and evaporated to a syrup (2-6 g.), which was 
dissolved in acetone (25 c.c.) containing sodium iodide (1 g.). This solution was heated in a 
sealed tube at 100° for 5 hours. The precipitated sodium p-toluenesulphonate was filtered off, 
washed with dry acetone, and weighed (yield, 0-068 g., corresponding to the presence of 4-7% 
of 2: 3: 4-trimethyl glucose in syrup A). The solution and the washings were evaporated to 
dryness and the iodine content of the mixed sugars so obtained was estimated by heating the 
syrup with silver nitrate in acetonitrile according to the method of Oldham and Rutherford 
(J. Amer. Chem. Soc., 1932, 54, 366). The yield of silver iodide was 0-079 g., corresponding 
to the presence of 4-5% of 2 : 3 : 4-trimethyl] glucose in the syrup A, in good agreement with the 
other value recorded above. 


The authors thank Mr. R. K. Dibble and Dr. R. C. Menzies for their assistance in this work, 
and the Colston Research Society and Imperial Chemical Industries Limited for grants. 
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320. The Iodous Cation as an Agent for Aromatic Substitution. 
By IrvinE Masson and W. E. HAnsy. 


In concentrated sulphuric acid, yellow crystalline iodyl sulphate I,0,,SO, (which 
is easily made; see following paper) rapidly attacks nitrobenzene, giving a 50—60% 
yield of m-iodosonitrobenzene. This is the first time that the iodoso-group has been 
directly substituted for aromatic hydrogen. Benzenesulphonic acid similarly gives 
iodosobenzenesulphonic acid, and benzoic acid is likewise attacked, though with 
complications. These results are compared with those produced by the same reagent’s 
action upon benzene derivatives with op-directing substituents, which gave quantitative 
yields of the diaryliodonium radical, with para-orientation (Masson and Race, J., 
1937, 1718). The reactions are explained as ionic exchanges, involving the ions 
10+, I+*+, RI*+* (of iodoso-salts) and R,I* (iodonium), primarily I+++ + RH—>RI** + 
H+, which when a m-directing substituent is present stops there; with an op-directing 
substituent present in the organic reagent, this wholly proceeds further, undergoing 
a second ionic exchange RI+*+ + RH —» R,I* + Ht. 
In the direct formation of m-iodosonitrobenzene the missing 50—40% of yield 
‘ is accounted for as m-iodonitrobenzene and iodonium salts, the latter mainly with 
the radical (C,H,I-NO,)(C,H,-NO,)I*. These are experimentally traced to a 
relatively slow secondary decomposition of the primary iodoso-product by sulphuric 
acid, the same in nature as that of iodosobenzene in sulphuric acid whereby Hartmann 
and V. Meyer discovered iodonium salts as a class. 


In a previous communication (Masson and Race, J., 1937, 1718) it was shown that iodous 
sulphate in moderately concentrated sulphuric acid acts upon chlorobenzene, forming 
quantitatively the diaryliodonium sulphate. A similar action occurs with benzene, 
toluene, bromobenzene, and iodobenzene; in short, with benzene derivatives which are 
not easily degraded by oxidation and in which the substituent is of-directing. In both 
aryl groups of the iodonium product, the tervalent iodine atom was found, in the case of 
chlorobenzene, to take the para-position respecting the substituent. 

At the same time it was found by one of us that iodous sulphate acts in a different way 
upon benzene derivatives containing a meta-directing substituent, the product being 
essentially the iodoso-compound, RIO. This is the first time that the iodoso-group has 
been directly substituted for hydrogen in an organic compound. The reaction occurs 
with nitrobenzene, benzenesulphonic acid, and (less simply) with benzoic acid; and the 
iodoso-group takes the m-position. Nitrobenzene, which we have now studied more fully, 
readily gives yields of solid m-iodosonitrobenzene up to about 60%; the reaction is 
accomplished in less than an hour at room temperature. 

Besides this main product, about 20—25% of the initial reagent appears as m-iodo- 
nitrobenzene, and the remainder as iodonium salts. The latter have iodine contents 
somewhat variable but corresponding with the ‘‘ mixed ”’ iodonitrophenyl-nitrophenyl- 
iodonium salt, together with the simple bisnitrophenyliodonium salt as a minor constituent : 
they are unstable when isolated as their iodides, largely decomposing within a few days 
of being purified. We find that all these products are formed by a secondary interaction 
between the primary iodoso-compound and the concentrated sulphuric acid, as quantitative 
experiments made by mixing these two substances showed. Here, in periods ranging 
from hours to days, besides m-iodonitrobenzene and an iodonium product, a little carbon 
dioxide (measured) was formed; and the oxygen of the initial iodoso-compound disappeared 
analytically pari passu, being consumed in degradative oxidation. The ratio of ‘‘ mixed ”’ 
to “ simple” iodonium in these products was less than in those isolated from the major 
reactions, but, as far as their inconvenient instability allowed us to determine, they were 
otherwise the same material. 

It is clear that the secondary reaction is of the same kind as that discovered 
by Hartmann and V. Meyer, who, by treating iodosobenzene with concentrated sulphuric 
acid, obtained (-iodophenyl)phenyliodonium sulphate, together with degradative 
consumption of oxygen and the formation of iodo-compounds (Ber., 1894, 27, 426).. This 
was a rapid reaction: in our case, the presence of the m-nitro-group in the iodoso- 
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compound, the primary product of our main reaction, makes its decomposition slow, and 
thus it is easily isolated before much of it has been consumed. 

In an explanation of all the main reactions, the iodous reagent, a solution of the yellow 
solid I1,0,,SO,, that is, (I0),SO,, in concentrated sulphuric acid, is best regarded as a 
source of I*** cations : 

ed oa) | ne | 

Further, the organic product is always cationic: in the one set of cases it is the iodonium 
ion R,I*; in the other, the iodoso-compound is produced as its sulphate and can, in fact, 
be crystallised as such by limited dilution, and therefore is likewise formed as its cation, a 
bivalent ion RI++. Thus the complete series of cationic radicals given by tervalent iodine 
and exhibited in the various compounds here dealt with is 

IO* ata _—" R,I* 

Todyl. Iodous. Iodoso-. Iodonium. 

The formation of an iodoso-compound by the interaction with an aromatic substance 
of the class to which nitrobenzene belongs is, accordingly, expressed as the partial ionic 
exchange : 

I*+* + RH—> H*++RI**. . . . . . . (2) 


and, apart from the slow secondary decomposition already mentioned, the reaction with 
this class of reagent stops there. With an aromatic substance which is more reactive, 
however, by reason of its containing an op-directing substituent, the observed quantitative 
production of an iodonium salt is simply understood as due to reaction (2), followed at once 
and completely by a further step in ionic exchange, namely, 

RI**+ + RH—> H*+R,I*. . . . . . .« (3) 
the total reaction for this class of organic reagents being therefore I**+* + 2RH —> 
2H* + R,I*. 

The respective orientations of the products are due, of course, to the same organic- 
electronic factors as influence the respective activities of the organic reagents, and this 
matter need not be elaborated here. We have not found in this work evidence for the 
obviously suggested final step 

RH + R,I* —> H* + R,I 

The slow secondary decomposition which impairs the yield of an iodoso-compound from 
reaction (2) may be summarily formulated (though not completely explained) on lines 
similar to those here adopted. Taking, e.g., Hartmann and Meyer’s original reaction 
between iodosobenzene and concentrated sulphuric acid, which produces a “ mixed” 
iodonium salt, we may express this as 


2C,H,I** + 2e —> (C,H,I)(C,H;)I* + H+ 
and in our case 
2C,H,(NO,)I** + 2e —> (C,H,I-NO,)(C,H,NO,)I* + H* 


the neutralising electrons representing the slight breakdown-oxidation which is a necessary 
concomitant of the action. 


EXPERIMENTAL. 


Preparation of m-Iodosonitrobenzene.—Iodine (4-00 millimols.) and iodine pentoxide (6-00 
millimols.), eacht well powdered, are shaken mechanically -with 96% sulphuric acid (20 c.c.), 
and form quantitatively during about a day the yellow solid I,0,,SO,, the solution being faintly 
yellow. To the whole, pure nitrobenzene (20 millimols.) is added from a burette, with shaking. 
As soon as the solid has disappeared, which may take an hour, the homogeneous liquid is diluted 
with pure ice. If the resulting solution is not less acidic than about 7N-sulphuric acid, crystals 
of a sulphate of m-iodosonitrobenzene are formed; further dilution hydrolyses these to the 
amorphous and bulky iodoso-compound, neutralisation of the liquor with sodium bicarbonate 
completes the precipitation, and the material is filtered off. Saturation with sodium acetate 
is a fairly satisfactory alternative to neutralisation with bicarbonate. From the filtrate, the 
“‘ mixed ”’ iodonium salt can be recovered as its iodide, which in this case cannot long be kept 
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without spontaneously undergoing fission to iodo- and di-iodo-nitrobenzene. Much washing 
with water is needed to remove all sulphuric acid from the iodoso-compound, as it is more 
definitely basic than its phenyl analogue. The by-product, m-iodonitrobenzene (completely 
identified), is extracted with benzene from the dried iodoso-product, and the purified material 
is finally dried to constant weight in a vacuum over silica gel. Drying operations should be as 
rapid as possible, but no oxidisable washing agent such as alcohol is permissible; and no warmth 
may be used, nor should the substance be in bright light, in order to avoid the conversion 
2RIO = RI + RIO,; it is not easy, perhaps impossible, wholly to prevent this. There is no 
solvent from which to crystallise an iodoso-compound as such. 

The distinctive test for iodoso- and iodoxy-compounds is that they are reduced wholly to 
the corresponding iodo-compounds both by acidified potassium iodide and by aqueous hydrogen 
peroxide; the distinction between iodoso- and iodoxy-compounds is that the former are reduced 
at once (but not in all cases quantitatively) by potassium iodide in a saturated solution of 
borax at room temperature, whereas the latter remain unattacked. This negative result with 
iodoxy-compounds holds, at all events, for all those which the authors have examined, including 
that relevant to the present case, m-iodoxynitrobenzene, made by nitrating iodoxybenzene 
(Masson, Race, and Pounder, J., 1935, 1677). To these positive tests the present material 
answered unambiguously, and its reduction product was repeatedly identified, physically and 
analytically, as pure m-iodonitrobenzene, thus proving qualitatively that the substance is 
essentially m-iodosonitrobenzene. 

In the quantitative verifications of this, however, the solid iodoso-compound was found 
to be associated with a small percentage of indifferent material, unidentifiable qualitatively, 
and explainable as water of hydration, though it was not removed by long exposure of the 
material to phosphoric oxide ina vacuum. The following are data for one preparation examined 


by ourselves and microchemically by different analysts : 
Resulting formula. 





Ce 2t% Rw Roe, .& ; I. O (by diff.). 
— 441,436 — — 
5 “25 — 6 . 107 — — 
43-4 6 . 0-97 0-95 


25-35 wk < 
25-9 


“6 

‘9 , 4-1 

25-25 9 , 43-1 6 , 0-98 0-97 4-4 
5 
1 


Calc. for C,H,(NO,)*IO ... 272 © 1 47-9 C,H,NIO, 
C.H,(NO,)"1(0OH), 25-4 2 95 44-85 C,H,NIO, 
C,H,(NO,) “IO, eee 25-6 1-4 és 45-2 C,H,NIO, 


* Through the kindness of Professor G. R. Clemo, this analysis was made in his laboratory. 


These data agree with a monohydrate, the iodoso-base proper; the iodoxy-compound is 
excluded, not only qualitatively, but also by the oxidising equivalent weight [Found: 148-5, 
148-0. Calc. for CsH,(NO,)IO,, 71-5; for C,H,(NO,)IO, 132-5; for Cs,H,(NO,)I(OH),, 141-5). 
Other preparations gave an equivalent almost identical with the value 141-5, but in others 
again there was a definite variation either above or below this figure, as also in the iodine content 
(measured by Stepanow’s method), and in the weight ratio (substance : reduction-product). 
Considering these fluctuations among about 15 independent preparations, we cannot state the 
existence of the monohydrate as more than a probability, and must regard this uncrystallisable 
compound as unusually difficult to purify. 

Whatever the variable small additament may be, the identification of the substance is 
finally made satisfactory by treating it with acetic acid and acetic anhydride, which convert 
it all into a well-defined iodoso-diacetate, recrystallisable in rhombs from benzene (solubility, 
2-5 g. per 100 c.c. at room temperature), and of m. p. 143—147° (decomp.). This gave an 
oxidising equivalent towards acidic potassium iodide of 184-3, 182-6 (Calc.: 183-5), and an 
iodine content of 33-85, 34-18% (Calc.: 34-6%); in semi-microanalysis (Weiler) it gave 
pattie N -07l1 000-80 (Calc. : CygH, ,NIO,), and an acetyl content of 25-4, 25-6% (Calc. : 

4%). 

The iodine contents of the iodonium by-products were determined by the Stepanow 
method applied to their precipitated iodides. They ranged from 53 to 60% [Calc. for 
(C,H,I-NO,)(C,H,-NO,)I-I, 61-0; for (CgH,-NO,),I-I, 51-0%]. 


_ The thanks of one of us (W. E. H.) are offered to the Education Committee of the West 
Riding of Yorkshire for a maintenance grant. 
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321. The Iodous Sulphates. 


By IrRvinE Masson and CyRIL ARGUMENT. 


The preparation of Chrétien’s yellow crystalline iodous sulphate by decomposing 
iodic acid by heat in concentrated sulphuric acid is shown to be a mingling of three or 
more reactions, one thermal and the others isothermal at room temperature. The 
thermal reaction I,0, —> I,O, + O, occurs quantitatively in fuming sulphuric 
acid at 215—220°, the product being there stabilised as an iodous sulphate. In 
the cold, the reaction 2I, + 31,0, —-> 51,0, occurs, with a 100% yield of Chrétien’s 
sulphate, when the reagents are shaken in concentrated sulphuric acid. 

By two methods, Chrétien’s sulphate is proved to be I,0,,SO,, not hydrated as its 
discoverer and others represented it. In acid more dilute than H,SO,,H,O it decom- 
poses, reversing its own synthesis. In fuming sulphuric acid it undergoes transition 
into a white crystalline iodous sulphate, determined as I,0,,4SO,,H,O, where 
probably ¥ = 1. The converse (isothermal) transition, on dilution of the fuming acid 
to below 100% H,SO, by addition of concentrated sulphuric acid, leads to the yellow 
crystals again, but does so through the remarkable intermediate step of precipitating 
iodine and pentoxide, which disappear again. This is discussed, and it is concluded 
that the “‘ white ” solutions in fuming acid contain their tervalent iodine in a complex 
ion (possibly negative), while the ‘‘ yellow” solutions in concentrated acid contain 
the cations of an equilibrium IO* + 2H+ ==> I*+++ + H,O; the bare ion I*** is 
considered to be the agent responsible both for the curious features of the transition 
and, in general, for the organic reactions of iodous salts, elsewhere treated. 


IT was well recognised by Fichter and his associates at Basel that tervalent iodine is essenti- 
ally base-forming, yielding with suitable acids salts which are either normal (‘‘ Jodi-’’) 
or basic (‘‘ Jodyl”’). All these are rapidly decomposed by water into iodic acid, iodine, 
and the acid whose radical they contain. 

Such compounds (other than iodine trichloride) have, in general, been prepared by 


methods of two types. One is the oxidation of elementary iodine at the ordinary tempera- 
ture by such agents as ozone or chlorine monoxide, in the presence of the acid—as far as 
possible anhydrous—whose iodous compound is desired. By such means Schiitzenberger 
(Compt. rend., 1861, 52,135; 1862, 54, 1026) obtained the white crystalline iodine triacetate, 
doubtless a covalent compound; Fichter, Kappeler, and Krummenacher (Z. anorg. Chem., 
1915, 91, 134) obtained an unstable perchlorate represented as I(C1O,)3,2H,O; Kappeler 
(Ber., 1911, 44, 3496) made a nitrate of uncertain composition; Beger (Chem. Z., 1906, 
33, 1232) and Fichter and Rohner (Ber., 1909, 42, 4092) oxidised iodine with ozone in 
chloroform to I,0,, which the latter authors regard as I(IO,)s. 

The other method, derived from old experiments by Millon, has involved the partial 
decomposition of iodic acid by heat in the presence of concentrated sulphuric acid. By 
this process Chrétien (Compt. rend., 1896, 128, 814; Ann. Chim. Phys., 1898, 15, 358) 
obtained a yellow crystalline compound represented by him as I,0,,SO,,4H,O; and 
Pattison Muir (J., 1909, 95, 656) made and studied a lemon-yellow solid of analytical 
composition IO,, which chemists follow Fichter in regarding as a basic iodous iodate 
1,0. 1,05, or IO,1O, iodyl iodateyrather than as an oxide of quadrivalent iodine. Beger’s 

“normal ”’ iodate above mentioned was also got by Fichter and Kappeler (Joc. cit.) by the 
thermal method from iodic acid, in a medium of metaphosphoric acid. 

Besides these compounds, others have been reported whose reality Fichter and his 
associates have disproved or questioned. With Kappeler and Helfer (1915, loc. cit.) he 
made a further iodous substance, by heating Chrétien’s sulphate with sulphur trioxide 
in a sealed tube, which was represented as “‘ Neutrales Jodisulfat,”’ I,(SO,)s, in approximate 
accord with the analytical data; and the authors remarked “ Durch diese neue Unter- 
suchung ist einstweilen die Chemie der Sulfate des dreiwertigen Jods abgeschlossen.” 
However, Bahl and Partington (J., 1935, 1258), in repeating the experiments of Muir 
and of Chrétien (locc. cit.), were unable to confirm Chrétien’s formula for his sulphate, 
assigning it (by analytical difference) 1H,O per I,0,,SO, instead of 0-5H,O; thereupon 
Fichter and Dinger (Helv. Chim. Acta, 1936, 19, 607) adversely criticised Bahl and Parting- 
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ton’s data and adduced their own analyses of the solid in support of Chrétien’s original 
formula. It will be shown (p. 1704) that all three sets of authors have been misled, and that 
the composition of Chrétien’s yellow sulphate is simply anhydrous I,0,,SO,, that is 
(I0),SO,; and that it can be turned into another iodous sulphate, a white compound, 
with interesting properties. 

Our work, prompted by the need to prepare properly an iodous sulphate as a reagent 
with which to attack aromatic compounds (Masson and Race, J., 1937, 1718; Masson 
and Hanby, preceding paper), has enabled us to obtain light upon the general equilibria 
between the elementary, the iodic, the hypoiodous, and two, perhaps three, iodous con- 
ditions of iodine. These equilibria have two aspects :. one is the effect of high temperature ; 
the other is the effects of changes in composition at room temperature; and in both aspects, 
a powerful factor proves to be the composition of the acidic medium in which the equilibria 
must be studied if they are to be made distinct. 

As is well known, if iodine pentoxide is heated by itself it dissociates into its elements 
irreversibly ; the process begins to be noticeable towards 350°, and at this temperature 
some of the iodine is retained by the residual solid in a complex of uncertain nature. 
Heated in concentrated sulphuric acid, however, the pentoxide dissociates more easily, 
as Chrétien showed (using iodic acid), oxygen being gradually evolved at 250—260°; the 
yellowish liquid, when cooled, deposits mixtures of iodous and iodic compounds. At 
slightly higher temperatures, iodine as well as oxygen is strongly evolved, and the liquid 
turns deep brown. This is the condition used by Chrétien and subsequent authors in 
order to obtain his sulphate : the brown liquor (to which more iodine may with advantage 
have been added during the heating, according to Chrétien and to Fichter) is cooled and 
allowed to stand in a desiccator for 1—2 days or longer, whereupon it turns yellow in de- 
positing yellow crusts of the material. Consideration shows, however, not only that this 
process is inconvenient and far from quantitative, but also that it confuses in uncertain 
proportions at least three distinct reactions; and experiment proves that these can readily 
be separated, studied, and made to proceed quantitatively. 

The primary thermal decomposition of iodine pentoxide 


I,0; —_ 1,0, + O, 6 ° ° . . . . . (1) 


is, in the absence of an acidic medium, indistinguishable from the further decomposition 


Ot eS ee es 


Iodine sesquioxide is itself unknown; but in a suitably powerful acid, its basic quality comes 
into play to stabilise it as a salt, and to lessen the temperature at which, owing to reaction 
{1) alone, an evolution of oxygen from heated iodine pentoxide begins. Nevertheless, 
ordinary concentrated sulphuric acid (used by the several authors named) is scarcely of 
powerful enough acidity usefully to protect the iodous product against the thermal decom- 
position represented in (2). We find, however, that fuming sulphuric acid will do so; 
it also lowers still further the temperature needed to bring reaction (1) to rapid completion. 
By heating iodine pentoxide in fuming sulphuric acid (20% SO,) at 215—-220° in connexion 
with a gas burette, one obtains a brisk evolution of oxygen which ceases sharply when 
1:00 mol. of measured oxygen per mol. of I,0,; has been released, the white solid finally 
disappearing into solution at the same time; no iodine whatever is produced, the liquid 
formed is of a very pale yellow tint, and its analysis corresponds to a sulphate of an oxide 
1,053.99 aS the solute. This, then, affords one easy way quantitatively to prepare a crystal- 
lisable iodous sulphate; the other way depends upon reactions at room temperature, as 
follows. 

In Chrétien’s method the thermal decomposition of iodic acid must be carried so far 
as to give copious fumes of iodine and a deep brown liquor; and it is this liquor which, 
when kept at the ordinary temperature, becomes the source of the desired product. But 
we find that the same liquor can be got by merely mixing iodine and iodine pentoxide 
in concentrated sulphuric acid without any application of heat: so that Chrétien’s and 
Fichter’s thermal method may be said to be mainly a crude way of producing some free 
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iodine, which shall eventually react in the cold with some undecomposed iodine pentoxide. 
We mix the two powdered reagents in the concentrated acid (92—98% H,SO,) in the 
exact proportions of the equation 


eS eae a a 


and, without applying heat, turn the whole for a day or two on a wheel : the initial brown 
liquor and the temporary excess of solid pentoxide quickly give place to a very pale 
liquid and a finely crystalline, brilliantly yellow precipitate of Chrétien’s sulphate. The 
yield is quantitative, including a small measured solubility, viz., 0-024 mol. as 1,0, per 
litre of 96% sulphuric acid. Heating the mixture does not facilitate but rather tends to 
reverse the reaction. 

The nature of the several equilibria involved in the preparative reaction summarised 
in equation (3) is treated by one of us in the succeeding paper on the brown solute, since 
the properties of this substance prove to dominate the matter. It is clear, however, that 
essentially the process consists in a quantitative reversal, by means of concentrated sul- 
phuric acid at the ordinary .temperature, of the familiar aqueous decomposition which 
converts the lower oxy-compounds of iodine into iodic acid and the element. 

Composition of the Yellow Sulphate.—In the work of previous authors on Chrétien’s 
sulphate, one difficulty, inherent in the preparative method used by them, was to stop 
the heating at the right stoicheiometrical point. The ensuing purification of the solid 
product for analysis, as performed by all these workers, consisted in spreading it on porous 
tiles in a desiccator. Fichter and Dinger left it thus for 1—1} hours only, stating that a 
longer time affected the purity. It is obvious that a finely grained material, which 
Chrétien’s sulphate is, cannot be expected easily to give up all its adherent mother-liquor 
to porous porcelain; and that in the necessary grinding, some exposure to moist air can 
scarcely be avoided without special apparatus which seems not to have been used. Such 
sources of error can readily affect the apparent composition of a very hygroscopic solid, 
in which the difference between a mono- and a hemi-hydrate of I1,0,,50, amounts only 
to 23% by weight and the water content is assessed by difference; this is pointed out by 
Fichter and Dinger in criticising Bahl and Partington, and we venture to apply the same 
remark in turn to the difficulty of distinguishing between a hemihydrate and an anhydrous 
compound by this method, which we ourselves tried. In any case, however, having found 
the quantitative methods just described for making Chrétien’s compound on any scale, 
we have further been enabled to avoid these risks of under-purification or of exposure to 
moisture, by resorting to two independent principles of analysis, in each of which the solid 
is merely filtered through sintered glass in a dry atmosphere from its isothermally saturated 
solution in the sulphuric medium. In one of these methods the medium was dosed with 
pure, dried barium sulphate, which dissolved in it but was (as it proved) unable to form 
solid solutions with the crystalline iodous material, and was therefore of use as an indicator : 
hence the barium sulphate content of the analysed “‘ wet ”’ solid, by comparison with that 
of the analysed filtrate from it, gave immediately the quantity of liquid adhering to the 
crystals, and consequently the true composition of the latter. The other principle was 
that of ‘“‘ wet residues ’’ commonly ascribed to Schreinemakers, in which we varied the 
composition of the solvent in the ternary system I,0,-SO,-H,O through the range from 
H,SO,,H,O to H,SO,, t.e., over the whole range of stability of the yellow sulphate at the 
ordinary temperature. The results of both methods, which are recorded in the experimental 
section, agreed conclusively with the composition I,0,,SO,, and forbade either the hemi- 
hydrate of Chrétien and of Fichter and Dinger, or the monohydrate of Bahl and Partington. 
Fig. 1 shows the results of the second method graphically. 

Effect of Water upon the Yellow Sulphate——In a medium of H,SO,,H,O, the synthetic 
reaction, by which the substance was prepared in a more concentrated acid, already begins 
to be slightly reversed, liberating a little iodic acid and iodine, the latter partaking in a 
secondary reaction which forms visible traces of the brown solute. (In Fig. 1 the imperfect 
convergence of the line belonging to this particular medium is due to this cause.) In 
very slightly more aqueous media the reversal is almost complete (and can be made finally 

















cide, 
the 


OWN 
Dale 
The 


per 
s to 


sed 
nce 
hat 
sul- 
ich 


n’s 
top 
slid 
us 
ta 
ich 


ich 


— == TF WB CO 











[1938] Masson and Argument: The Iodous Sulphates. 1705 


so by dilution, warmth, and extraction of the iodine); almost the whole iodous salt is 
decomposed, with valency-bifurcation, in the sense of the schematic equation 


ae) ee a 


which governs the aqueous behaviour of derivatives of all lower oxides of iodine and is 
the basis of their quantitative analysis. 


Fic. 1. 


90% SOs 














Mp0 40750; 50%50s 60% 50s 70%50s 807.503 902505 50s 


System 1,0,;-SO;-H,O at 15-5—18-0°. Wet solids and solutions of yellow iodyl sulphate. Compositions 
converge upon 1,03,SO,. (For erratic line, cf. text.) B is position o I,0;,S03,H,O (Bahl and 
Partington) and C is position of 1,03,S03,4H,O (Chrétien ; Fichter). 


White Iodous Sulphate-——In more anhydrous media, Chrétien’s sulphate ceases to be 
stable in sulphuric acid of concentration exceeding 100% H,SO, : the bright yellow crystals, 
put into such an acid, turn into another crystalline sulphate, practically white, with a 
faintly yellow solution, and increasingly soluble in the medium as its SO, content is raised. 
In this solid the iodine is still wholly tervalent, but the proportion of sulphur trioxide is 
much higher than in the yellow solid. The composition has been sought by the same two 
methods as were successful with the yellow form; but, despite care, it has proved difficult 
to define it completely with confidence. In the “ wet residues ’’ method, five pairs of 
duplicate analyses gave a diagram with so narrow a parallax (owing mainly to the limited 
range of fuming acids available as liquid solvents) that this group of data merely set approxi- 
mate limits of I,03,4SO,,H,O and I,03,3SO, to the possible formula. The use of barium 
sulphate as indicator, however, was more satisfactory, except in the difficult point of de- 
ciding the degree of hydration (if any); one experiment gave I,03,4-11SO,,1-3H,O, and 
a second gave I,0;,4-08S0;,0-4H,O (the respective water-contents are only 3-7% and 
11% by weight). We conclude that our white solid is 1,0;,450,,4H,O, adding that 
probably x = 1, and if so the substance is H,SO,,1,(SO,)3, a complex containing the 
I,(SO,4)3 of Fichter, Kappeler, and Helfer (loc. cit.). 

Local wetting with water of the white solid in fuming sulphuric acid, so long as the 
general composition of the medium does not fall below 100% H,SO,, turns it to a deep 
manganate-green or an intense blue colour, which remains permanent in a sealed specimen. 
This occurrence is due to the local liberation of elementary iodine, which at once reduces 
fuming sulphuric acid to sulphur sesquioxide in being reoxidised to the iodous state. The 
evidence for this explanation is qualitative: direct experiments with iodine and fuming 
sulphuric acids gave solutions of the same colours, which evolved sulphur dioxide, and which 
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showed the same colours and behaviour as solutions of sulphur in these acids, wherein 
various other authors have recognised a coloured substance S,O3. 

The Transition between the Two Sulphates.—The transition yellow —-> white in media 
exceeding 100% H,SO, proceeds normally, like that from a crystalline sulphate to the 
corresponding hydrogen sulphate; but the reverse change, induced by adding the white 
compound in fuming acid to concentrated (96%) acid until the medium is a little less than 
100% H,SO,, takes a path which is of a type quite new to us in any reversible transition 
among inorganic salts; and its interpretation throws light upon the natures of iodous 
compounds. The very pale yellow liquid at first remains clear, then it grows turbid 
and grey with a suspension of solid iodine and (if the proportions are suitable) a white 
solid, apparently pentoxide; as one watches, the grey turns to dusky greenish and then ~ 
yellow, and in a short time the temporarily precipitated iodine (and any white suspension) 
has vanished again and is wholly replaced by pure crystals of the yellow I,0;,SO,, the 
stable phase in the new concentration of acid. In the later stages, the brown colour is 
seen which iodine gives when put into sulphuric acid solutions of the pentoxide or of the 
yellow sulphate; but it is weak and transient. Temperature changes are not concerned 
in the series of events. Fig. 2 shows microphotographs of (a) the white sulphate in fuming 
acid, (b) the dusky greenish stage of transition during slight dilution, the large irregular 
needles of iodine being interspersed with small crystals of the yellow product which is 
superseding them, (c) the yellow I,0;,50, (somewhat rounded by stirring) in concentrated 
acid. 

The interest of this perfectly reversible transition between the white and the yellow 
compound lies in the fact that, although the iodine begins and ends in the tervalent state, 
it spontaneously undergoes valency-bifurcation and reassembly, en route from one to 
the other. Thus: 

T+ Iv 
(White). Media: Pil (Yellow). Media: 
H,SO, + SO,. H,SO,—H,SO,,H,0. 


it 


gpm pes. 





That an atomic change so extreme as valency partition occurs, only to be spontaneously 
followed by valency redintegration to the original value, must mean that the tervalent 
iodine of the white sulphate is in a radical different from that in which the tervalent iodine 
exists in the yellow sulphate. The two compounds cannot be related in the same way 
as interconvertible sulphates and hydrogen sulphates, which have one and the same cation 
in common; and our view of the matter is as follows. 

The ion in the yellow crystals (I0),SO, is, we do not doubt, the iodyl cation IO*; 
and their solution in concentrated sulphuric acid behaves towards aromatic compounds 
(as we show elsewhere) so as to suggest that it contains some proportion, not necessarily 
more than quite small, of iodous cations I*+*, produced in an equilibrium 

10+ + 2H* = I*+* + H,O. 

The monohydrate formula for the white crystals, 1,0;,4SO,,H,O, or HI(SO,),, might 
suggest the possibility that their ion is a negative one, [I(SO,),]~; without, however, 
entering into detailed speculation on this point, we are at all events entitled to regard 
their solution in fuming acid as containing the tervalent iodine in the form of a complex 
ion containing sulphur trioxide and kept in stable equilibrium by the excess of sulphur 
trioxide in the medium. On removal of this excess by dilution to slightly below 100% 
H,SO,, the complex dissociates; and we conceive that its tervalent iodine is thus all 
momentarily released as simple I***, not a stable entity in so high a concentration. At 
such a concentration, therefore, it is able to produce, by the electron partition 
21 —-» I' -|- IY, free iodine and the pentoxide faster than these can undergo their 
normal reassembly to give yellow iodyl sulphate, which later visibly proceeds in the 
liquor; and faster also than the establishment of the equilibrium 


[+++ + H,O = I0* + 2H*, 
the progress of which also constitutes yellow iodyl sulphate. Although this hypothesis 
may be mistaken in naming I*** as the immediate precursor of the observed iodine and 





(a) 1,0,,4SO,,4H,O; white iodous sulphate. 


(b) Transition : showing iodine as a metastable 
intermediate, and developing crystals of 


(c) 1,053,503; yellow iodyl sulphate. 


(To face p. 1706, 
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pentoxide, yet the dynamics of the whole train of processes, coupled with our other work, 
are Clarified by invoking it; and, on the grounds of electronic structure, it appears im- 
probable that this ion could exist per se except in minute equilibrium concentration or 
as a transitory product intermediate between one complex, that of the white compound, 
and another, that of the yellow. The same instability of I*** is held to account for the 
swift organic reactions of tervalent iodine which we have elsewhere described. 


EXPERIMENTAL. 


In syntheses of the yellow iodyl sulphate by the method described, at a late stage of the 
process the product should be ground under its own liquor, to release traces of enclosed solid 
reagents. Precautions against the access of water vapour must be strict in handling the yellow 
compound, and are difficult to make strict enough for the white compound. Our sintered- 
glass filtering apparatus was specially designed to further these precautions and to simplify 
sampling with a minimum of exposure. For each analysis of a solid or of a solution, duplicate 
samples were used. In dilutions of samples with water, appropriate vessels and care are 
needed to prevent loss of vapour, especially in systems involving the white sulphate and fuming 
acid. 

Determination of the Degree of Oxidation of Iodine.—Given that, in warm water, 


51,0,,aq. —-> *1,0,,aq. + (5 — #)I,, 


we warm the well-diluted material under reflux, adding pure carbon tetrachloride; the iodine 
is extracted with this solvent, and the extract, after the addition of water, potassium iodide 
solution, and a few drops of dilute acid, is titrated with thiosulphate; to the acid aqueous 
layer, freed from iodine by the extraction, is added a bare excess of potassium iodide solution, 
and the liberated iodine is extracted with tetrachloride and is similarly titrated. Ifthe numerical 
ratio of the second titre to the first is R, we have x = 5R/(6 + R); hence for x = 1, 2, 3, 4, 5, 
R is respectively 1-5, 4, 9, 24, o , which gives a very sensitive measure of the degree of oxidation, 
as others have noted who have used some form of this method. All the preparations and 
samples analysed for the work of-this paper gave values of R lying between 9-019 and 9-004, 
corresponding with I,05.993 to 1,03.999- . 

Sulphur trioxide was always determined gravimetrically as barium sulphate in the aqueous 
solution from the foregoing extractions. In the indicator method, separate samples were 
required for determining the indicator content; in them, after dilution, the liberated iodine 
was removed by distillation at reduced pressure before collecting the precipitated indicator on 
a filter; and the comparability of these samples with those taken for the remaining constituents 
was tested and proved by their giving identical figures for the content of iodic acid. 


Analytical Results—A. Yellow solid. 
(i) ‘‘ Barium sulphate indicator ”” method. One experiment. 


Rel. wts. in wet solid. 
(a). (5). 
0-0161 0-0161 

0-5452 0-5456 1-000 
0-3781 0-3784 1-000 1-001 
0 


Temp. 14:-5—17°. 


Rel. mols. in pure solid. 


(a). (b). 
1-000 


Rel. wts. in filtrate. 
(a). (5). 
. 1-0000 
0-0800 
14-502 
3-553 
19-135 


0-0606 0-0599 “065 0-043 


19-135 1-0000 1-0000 _— —- 


(ii) ‘‘ Wet residues’’ method. A preliminary set of 9 solids and their liquids having 
virtually confirmed the results just given, the following definitive data were obtained; these 
these are the data used for Fig. 1, and (excepting col. 1) are expressed in molecular percentages. 
those for H,O (diff.) being for brevity omitted in each half of the table. 

Temp. 15-5—18°. 

Wet solids. Solutions. 


Solvent acid : a, a A 
H,SO,, wt. %. 1,03. SO . I,0,. 








SO. 


86-3 
88-6 
94-2 
95-8 
97-5 
99-8 


28-00, 28-48 
24-36, 24-33 
21-73, 21-70 
30-86, 30-72 
24-74, 24-68 
30-33, 29-39 


43-05, 43-63 
43-90, 43-93 
46-42, 46-40 
48-43, 48-20 
48-76, 48-73 
49-95, 49-82 


170, 0-167 
143, 0-143 
084, 0-084 
065, 0-065 
066, 0-067 
121, 0-121 


0- 
0- 
0- 
0- 
0- 
0- 


36-06, 35-67 
37-72, 37-93 
43-34, 43-29 
45-24, 45-02 
46-97, 47-35 
49-74, 49-76 





1708 Masson: Hypoiodous Cations, and their 


B. White solid. 
(i) ‘‘ Barium sulphate indicator ’’ method. Two experiments. Weights :— 


Experiment 1: 16-5—18-5°. Experiment 2: 16-0—19-0°. 
Filtrate. Wet solid. Filtrate. Wet solid. 
10000 1-000 0-0447 00-0444 1-0000 11-0000 0-0463 0-0468 
0-0754 0-0749 0-2785 0-2794 0-1092 0-1099> 0-2763  0-2635 
6-866 6-868 0-6067 0-6059 7-369 7347 06213 0-6266 
1-076 1-078 0-0701 0-0703 1-235 1-247 0-0561 0-0631 
9-017 9-021 10000  1-0000 9-713 9-704 1:0000  1-0000 


These yield formule: Expt. 1, 1,03,4-11SO,,1-34H,O; 
Expt. 3, 1,0;,4-08S0,,0-41H,O. 


(ii) ‘‘ Wet residues ’’ method. Molecular percentages (except col. 1); H,O (diff.) omitted 
from table. Temp. 16-5—18-5°. 


Wet solids. Solutions. 

Solvent acid : = A 7 t manana — 
free SO,, wt. %. I,O3. . I,O3. SO . 

17-4 7:42, — . 0-115, 0-115 55-95, 55-80 

18-7 6:99, — ° 0-111, 0-111 56-35, 55-13 

25-8 7-44, 7-47 61-13, 61-08 0-172, 0-171 58-85, 58-81 

32-6 10-91, 10-55 65-38, 63-84 0-181, 0-182 61-16, 61-76 

33-7 8-34, 8-30 64-41, 64-11 0-188, 0-188 61-79, 62-04 


UNIVERSITY OF DuRHAM (DuRHAM Division). [Received, September 5th, 1938.] 











322. Hypoiodous Cations, and their Action upon an Organic 
Reagent. 


By IRVINE MAsson, 


In concentrated sulphuric acid, the yellow iodous sulphate I,0;,SO, takes up 
elementary iodine to form a deep brown solute. Saturation with excess of iodine 
gives solutes whose compositions (expressed as oxides) range from I,.,0 to I,.,0 
according as the acid medium is near H,SOQ,,H,O or nearer absolute H,SO,. The 
brown liquids react upon chlorobenzene instantly, but quite quietly; and it is shown 
that, of an initial “‘ oxide” solute 1,0, exactly I,O is thus consumed, the remaining 
(* — 2) atoms of iodine being precipitated as element. The organic product is a 
quantitative yield of chlorotri-iodobenzene (not, in the main, the symmetrical 
isomer, and including one which is new). : 

Thus the active iodine in the brown solute is univalent, and the effective absence of 
tervalent iodine is confirmed by the non-formation of iodonium in the organic reaction 
(cf. Masson and Hanby, this vol., p. 1699). 

The facts are explained by the inorganic equilibria 

IO+ + 2H*+ = I**+ + H,O 

I+++ +], ==> 3I* 

It + nl, = Tyt a 
the values of » in the last being 1 and 2; thus, corresponding with the familiar 
negative ions of univalent iodine I-, I>, If, we have here cations I*, Ij, If. The 
organic reaction is in accordance with the equation 


If, + RH —> RI + H* + «I, 
successively repeated to complete the observed tri-iodination; and these ionic 


exchanges are to be compared with those assigned to iodous cations (preceding 
papers). Other aspects are reviewed. 


ELEMENTARY iodine is practically insoluble in concentrated sulphuric acids : the saturated 
solutions, faintly pink, contain 1/5000 g.-atom per litre. Iodine pentoxide is slightly 
soluble: about 0-05m. When iodine is added to a solution of iodine pentoxide in sul- 
phuric acid, it dissolves rapidly, forming a very dark brown solute; this occurs in con- 
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centrations of sulphuric acid lying between H,SO,,H,O and H,SO,. (In more dilute 
acid, there is scarcely any action; in fuming acid, both reagents are directly attacked by 
the acid instead of by one another, iodine pentoxide being transformed into a white 
solid iodic-sulphuric complex, while iodine is oxidised to a soluble iodous salt with the 
formation of a deep blue-green liquid -which liberates sulphur dioxide.) 

If the relative quantities of the two solid reagents are chosen according to the equation 
2I, + 31,0; = 51,0;, the brown solute is formed at first, but gradually attacks the residual 
iodine pentoxide, and, in the course of a few hours’ shaking, both give place to a faintly 
yellow solution and a crystalline deposit of the bright yellow compound I,0;,SO,, which 
is discussed in another communication. If a larger proportion of iodine is used, it forms 
brown solute at the expense of the yellow product; and if, finally, one uses as the initial 
reagents the yellow I,0,,SO, and iodine, they interact in a sulphuric medium to form the 
brown solute quantitatively. 

The maximum quantity of iodine taken up per molecule of dissolved iodous sulphate 
does not markedly vary when the concentration of the latter is changed, so long as the sul- 
phuric medium remains the same. If, however, the composition of the medium is made 
to vary within the range from H,SO,,H,O to H,SO,, the maximum uptake of iodine per 
molecule of dissolved iodous sulphate changes considerably. For example, in three parallel 
experiments, excess of crystalline iodous sulphate was shaken to saturation with 
2H,SO,,H,O, with 3-5H,SO,,H,O, and with H,SO,; the filtrates, each containing about 
0-02 g.-mol. of I,0, per litre, were then saturated further with excess of solid iodine to 
yield the brown solutions; the quantities of iodine so taken up per molecule of already- 
dissolved I,0, were respectively: 3-44I,, 9-68I,, and 11-07I,. These data may without 
prejudice be expressed as if the product, the brown solute, were a “‘ suboxide ’’ of iodine, 
in which case the corresponding formule are I,.9,0, 17.420, Ig.9,0. The highest limit so 
far observed in the course of such experiments is I,.;0; and the nearness to integrality in 
the above three examples is fortuitous. ' 

A clear light upon the nature of these complexes is given by their behaviour as reagents 
towards an aromatic compound, as follows. To the brown solution is added chlorobenzene 
from a small burette. An almost instantaneous but perfectly quiet reaction occurs at 
each addition, solid iodine being thickly precipitated; and the end-point is shown by the 
vanishing of the brown colour from the liquid, almost as if in a volumetric titration; any 
excess of the organic reagent shows as droplets coloured pink by dissolved iodine. Dilution, 
extraction with carbon tetrachloride, and complete analysis show that if the analysed 
composition of the initial ‘‘ suboxide ’’ reagent be expressed as I,O0, the chlorobenzene has 
consumed of this exactly I,O, leaving unacted upon the residual (x — 2) atoms of iodine, 
which precipitate as the element. This statement holds good whether x is about 2-8 and 
the medium 2H,SO,,H,O, or whether x is about 4-0 or about 7-1 and the medium | 
3-5H,SO,,H,O (i.e., 96% H,SO, by weight). Moreover, the quantity of chlorobenzene 
consumed is normally 2 mols. for every 31,0; and the organic product, which consists 
when isolated of an almost white, fluffy mass of needles, is essentially a quantitative yield 
of chlorotri-iodobenzene. Thus, from 3-2 c.c. of chlorobenzene were obtained 15-1 g. 
of organic product of m. p. (125°)—128°—(140°), of analytical composition C,H,.,ClI3., 
(Weiler). The fractional crystallisation of this material was not easy, the data suggesting 
that the constituents may form mixed crystals; but in one fractionation from ether—alcohol, 
the least soluble part, about 20%, was isolated as a moderately pure fraction of m. p. 
165—166° (corr.) and giving on ultimate analysis C,H,.,CII,., (Weiler), and by our own 
halogen determination C,H,CII,.,; whilst in another, the least soluble part, about 25%, 
had m. p. 130-5—131-5° and gave C,H,.,ClI;., (Weiler), C,H,.,CII;.; (Schoeller), and by our 
own halogen determinations, C,HCII,.,_5.;. This was superficially coloured slightly pink, 
in contrast to the other fractions, which were practically white with a faint trace of yellow; 
a more soluble fraction, 10%, of silky needles, had m. p. 147° (sharp) and was C,Hy.,ClI5.9 
(Weiler), C,H,.,ClI;.9 (Schoeller). 

The remaining fractions were mixtures of the others and were not further treated. 
Although there is clear evidence that the analyses of these substances by semi-micro-methods 
and by different workers are liable to aberrations, and our own macro-analyses are seen not 
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exactly to agree with them, it remains proved that the product consists of at least two 
chlorotri-iodobenzenes, m. p. 165—166° and 147°, with possibly a third, m. p. 130-5—131-5°. 
Of these, the first is apparently that isolated by Istrati (Abs., 1898, i, 244; but cf. Beilstein) 
from the products of the prolonged boiling together of concentrated sulphuric acid, iodine, 
and chlorobenzene, and of m. p. given by him as 162—164°. The second appears to be 
a new isomer. The third, if not a mixture at a singular point in the fusion diagram of the 
others, may be the 1-chloro-2 : 4 : 6-tri-iodobenzene obtained by diazotisation from 2 : 4 : 6- 
tri-iodoaniline and described as melting at 125—126° (Hantzsch, Ber., 1903, 36, 2071), 
119—120° (Green, Amer. Chem. J., 1906, 36, 600): of the two chlorotri-iodobenzenes 
hitherto recorded, this is the only one of known orientation; and it is interesting that our 
crude product mainly consists of the unsymmetrical isomers. 

These iodinations, each active iodine atom replacing one aromatic hydrogen atom, 
prove that the effective iodine in the brown solution is univalent. Had it been the tervalent 
(iodous) radical, merely loosely associated with molecular iodine, the organic product would 
have been an iodonium salt, as our independent work with iodous sulphate has proved 
(Masson and Race, J., 1937, 1718; Masson and Hanby, this vol., p. 1699). Iodonium pro- 
ducts were carefully sought in the liquor from the action with the brown solutes : they were 
wholly absent, except in the case where the reagent was so poor in additional iodine as 
to have the composition “ I,.,0,”” in 2H,SO,,H,O; here a trace of iodonium, less than 
1% of the polyiodochlorobenzene formed, was found. This minute quantity is nevertheless 
not insignificant, since it points to a reversibility in the inorganic reaction : Iodous radical + 
iodine == brown solute. That this reversibility exists, and that it is not only due to the 
lack of high concentration of the acid above named, is made plain when a brown solute 
of the exact composition I,O is prepared in 3-5H,SO,,H,O; for this solution deposits after 
a time, in substantial amount, crystals of the yellow I,0,,50,, while remaining deep brown. 
In the aromatic reaction, it is only when the ratio I : O is made considerably greater than 
2:1 that the polyiodo-compound ceases to be accompanied by the trace of iodonium 
by-product; evidently, the velocity of the iodinating action by the univalent iodine is 
intrinsically faster than the iodonium-forming action of tervalent iodine; while also the 
agent responsible for iodination is present in great excess over the other so long as the 
total iodine content of the liquid much exceeds that of I,0O. 

We cannot doubt, having regard to the media in which the brown solutes are stable, 
that the hypoiodous radicals, which we have up to this point represented non-committally 
in terms of formal oxides, are in reality cations,* the simplest of which, corresponding 
with ‘“‘ I,0,’”’ would be I*. On this hypothesis, all the facts can be brought together as 
follows. 

The inorganic preparative reaction from iodine and iodous salts, whose cation is 
virtually I***, is primarily 


eee sn ee er a, 


The reversibility of this, when the reagents are in the above stoicheiometric proportion, 
has been shown above; and it is further connected with the equilibrium 


It++ + H,O = 10+ + 2H* 


(cf. preceding papers). With excess of iodine, however, the observed formation of dissociable 
complexes up to “I,.,0’’ means the formation of cations as complex as I; ; so that 


we ene 


where m = land2. Reactions (a) and (6) are, of course, concomitant ; and although we can- 
not dogmatise on the point, it is not improbable, from considerations of electronic structure, 
that the simple cation I* (with only six external electrons) is intrinsically unstable; that 
is to say, its equilibrium concentration is always small and it is represented by a mixture 
of 10*, I***, If, and If according to the balance of reactions (a) and (bd). 

* Ionic transport experiments were made, with the brown solution in sulphuric acid buffered from 


the electrodes with sulphuric acid; but the solvent proved responsible for effectively all the conduction, 
so that little or no migration of either brown boundary occurred. 
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It will be noted that the equilibrium of reaction (a) should be characterised by the 
constancy of the ratio (I*)8/(I*+*+), whilst that of reaction (6) requires, in a given medium, 
a constant ratio between the concentrations of I+, If, and I; ; for the reagent iodine is so 
insoluble, as such, that its concentration isan invariable quantity. These requirements 
mean, qualitatively, that the solubility of iodine per molecule of dissolved iodous sulphate 
in a given medium should change only slightly with the concentration of the iodous salt ; 
and as far as these experiments have gone, this is so. With a change of acid medium from 
less to more anhydrous, however, reaction (b) moves to the right. 

As regards the organic reaction, the effective cations can be generalised as I},.,, and 
the iodination of chlorobenzene consists quantitatively in the ionic exchange, successively 
repeated for polyiodination, 


i. + Wa ee 


thus bringing it into line with the ionic exchanges, described by Masson and Hanby (loc. 
cit.), between aromatic hydrogen and the cations of iodous (tervalent) iodine. 

It is right to point out that a hypothesis alternative to that embodied in equations 
(a) and (5) could be put forward for the formation of the brown solute in the inorganic 
reaction. This is a ‘“ micelle’’ hypothesis, wherein the triply-charged iodous cation 
takes up an iodine molecule (or more) but without then dividing into univalent ions : that is, 

[+++ 4+ nl, =— Ifts 
This hypothesis meets the observed fact that the solubility of iodine per iodous molecule 
does not much vary with the iodous concentration; but as an alternative to the hypothesis 
of (a) and () it appears to involve a very complicated and artificial mechanism for the aro- 
matic iodinations which are simply represented by (c); one therefore disregards the 
idea of micelle formation except as a conceivable but quite unproved half-way step to- 
wards reactions (a) and (bd). 

As long ago as 1862 Lenssen and Léwenthal (J. pr. Chem., 86, 216), in their work on 
aqueous hypoiodous acid, concluded that in dilute acid it forms a brown complex with 
iodine which, in modern symbols, would be HI,O (on our hypothesis, If); and Skrabal 
and Buchta (Chem. Z., 1909, 33, 1193) extended and confirmed the work, with the same 
conclusion. The experiments were upon the oxidation of iodide or iodine by mixtures 
‘of aqueous permanganate and manganous sulphate in quite dilute (5N) sulphuric acid. 
Dushman (J. Physical Chem., 1904, 8, 453) also inferred from kinetic studies the existence 
of HI,0. These facts connect the region of dilute acids with that of concentrated acid 
in respect of the facts given in the present paper, and in conjunction with them can be 
held to show that the hypoiodous radical, especially when stabilised by co-ordination 
with iodine, is the strongest of the inorganic cations formed by the element; this is to 
be expected from its univalency as contrasted with the tervalency of iodine in its other 


cations. 
Attention should be drawn to electronic problems: for instance, the cation If would 


a priori be given, in a static model, an inert-gas structure :T:T:1: ; but such a model 


is neither in accord with the solute’s being brown, nor with the fact that towards an organic 
reagent one alone of the iodine atoms becomes reactive. Absorption photometry is also 
desirable. Counterparts to these problems, both optical and electronic, already exist 
in the familiar anionic iodides and polyiodides; we may, indeed, formulate for comparison 
the two series, which illustrate several properties of amphoteric, univalent iodine : 


Cations : I* I} I; 

Anions : | | ty I; 
The remarkable potency of the hypoiodous cation in concentrated sulphuric acid, 
whereby such a compound as chlorobenzene is as easily tri-iodinated as is phenol in dilute 
aqueous bicarbonate, seems to deserve further application by organic chemists; and the 


fact that the unsymmetrical isomers preponderate is to be noted. The few additional 
trials which the author has made show that nitrobenzene, as well as chlorobenzene, under- 
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goes a reaction involving I+, and even more refractory substances have given similar in- 
dications. There are obvious limitations, such as appeared during attempts at partition 
experiments, in which carbon tetrachloride was decomposed, forming iodine trichloride ; 
moreover, compounds like xylene undergo complex and drastic decompositions. 


The micro-analyses cited were made by Drs. Weiler and Strauss of Oxford, and by Dr. 
Schoeller of Berlin; and I thank Messrs. Imperial Chemical Industries for a grant whence 
the cost of these was met, and am obliged to Mr. Hanby for help with the other analyses of 
organic products. 


UNIVERSITY OF DuRHAM (DuRHAM DivIsION). [Received, September 5th, 1938.] 





323. The Triterpene Group. Part III. The Double Bond of 
B-Boswellic Acid. 


By James C. E. Simpson and NorMAN E. WILLIAMs. 


8-Boswellic acid contains a double bond which is resistant to catalytic 
hydrogenation. Methyl O-acetyl-8-boswellate, unlike the amyrins and several other 
triterpenes, is recovered unchanged after attempted partial dehydrogenation with 
sulphur, but, in common with these compounds, contains the system 
>C—CH—CH,— (a). 

Nor-B-boswellanedione, previously erroneously formulated as C,,H,,O, (Simpson 
and Williams, this vol., p. 687), is now shown to have the formula C,,H,,O, and to be 
formed from nor-f-boswellenone, C,,H,,O, by conversion of system (a) into 
>CH°CO*CH,— (b). 

Two types of oxidation involving the ethylenic linkage of §-boswellic acid 
derivatives have been encountered: (i) (a) —~> >C—CH—CO—,, and (ii) (a) —~> 
(b). In any given ethylenic oxidation either (i) or (ii) occurs, but not both, the 
controlling factor being the degree of substitution of C, [see (VII) for numbering]. 
When C, carries a methyl and a carbomethoxyl group, reaction (i) takes place, (ii) 
proceeding if C, carries a methyl group and a hydrogen atom. 

Reduction of the C,-carbonyl group also proceeds selectively, the resultant 
steric configuration on C, depending on which of the two groupings (a) and (b) is 
present in the compound reduced. 

These selective oxidations suggest close association of C,—C, with (a) and (b), 
such as would result from the presence of the double bond of 8-boswellic acid at C,—C, 
or C,-—C,. 


In continuation of our preliminary work (Simpson and Williams, this vol., p. 686) on the 
structure of 8-boswellic acid we have had as our objective the characterisation of its double 
bond. [It was shown by Winterstein and Stein (Z. physiol. Chem., 1932, 208, 9) that B- 
boswellic acid is isomeric with oleanolic acid, and by Beaucourt (Monatsh., 1930, 55, 185) 
that it yields on dehydrogenation with selenium a hydrocarbon which is probably identical 
with 1 : 8-dimethylpicene (Ruzicka et al., Helv. Chim. Acta, 1932, 15, 431; 1937, 20, 1155), 
from which it follows that the acid is in all probability pentacyclic and therefore contains 
one ethylenic linkage.] . 

The unsaturated nature of the acid is shown by the strong positive reactions which 
we have found that it gives with the Liebermann-Burchard reagent and with tetranitro- 
methane. Titrations of O-acetyl-8-boswellic acid with perbenzoic acid (0-16—0-18 atom of 
oxygen absorbed after 96 hours) carried out by Trost (Ann. Chim. Appl., 1937, 27, 178) 
indicate that the double bond is of the inert type characteristic of both «- and 6-amyrin, and 
our own experiments have confirmed this, for, although acetyl-$-boswellic acid, in our 
hands, slowly absorbed oxygen from perbenzoic acid (0-75 atom of oxygen after 10 days) 
(compare perbenzoic acid titrations in the «-amyrin series; Ruzicka, Silbermanh, and 
Furter, Helv. Chim. Acta, 1932, 15, 482), we have found that methyl acetyl-$-boswellate 
is resistant to catalytic hydrogenation under ordinary conditions. 

A promising method of approach to the problem appeared to be offered by the experi- 
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ments of Jacobs and Fleck (J. Biol. Chem., 1930, 88, 137, 153; 1931, 92, 487; 1932, 96, 
341) on the partial dehydrogenation of triterpene alcohols and acids with sulphur. Where- 
as thio-compounds containing an aromatic nucleus (Simpson, this vol., p. 1313) are 
produced from $-amyrin, oleanolic acid, and hederagenin, sulphur-free dehydro-compounds, 
on the other hand, result from ursolic acid and «-amyrin. The diagnostic value of this 
reaction, so far as concerns these two groups of triterpenes, has been experimentally 
confirmed by the conversion of gypsogenin into hederagenin and oleanolic acid (Ruzicka 
and Giacomello, Helv. Chim. Acta, 1936, 19, 1136; 1937, 20, 299), of the latter into 
§-amyrin (Ruzicka and Schellenberg, ibid., 1937, 20, 1553), and of ursolic acid into a- 
amyrin (Goodson, this vol., p. 999). 

When, however, the Jacobs—Fleck reaction was applied to methyl O-acetyl-8-boswellate 
(I, R = Me), the ester was recovered unchanged ; under more severe conditions a tendency 
for general dehydrogenation to occur was manifest. 

We therefore turned our attention to the action of oxidising agents on various derivatives 
of $-boswellic acid. Treatment of methyl acetyl-B-boswellate, C,,H,;,O, (I, R = Me), 
w:th chromic anhydride produces a compound C,,H;90,, m. p. 204° (II, R’ = Ac); we 
have also obtained this compound, which we designate methyl O-acetyl-B-boswellenonolate, 
by a similar oxidation of acetyl-8-boswellic acid (I, R = H), followed by methylation of 
the resultant acid fraction. 


Tei JPF Me ome mi fOoule 


C 
Cr0, My 
——> RoHe C< ) oO 
Goma > 
Hy C C< 
\ 


>C=CH—CO— 


Cc 
KN 
3 \ 
H,Cs \s | CopH gq 

CH (VII.) 


(V.) >C—CH—CH,— 
(IV.) 

Although the compound (II, R’ = Ac) does not form an oxime, and is recovered 
unchanged after treatment with aluminium tsopropoxide, a study of its properties has 
shown that it is unquestionably an af-unsaturated ketone. It exhibits the ultra-violet 
absorption spectrum characteristic of such ketones, and also, in common with these 
compounds (compare Ostromisslensky, J. pr. Chem., 1911, 84, 489; Spring and Vickerstaff, 
J., 1937, 249; Ruzicka, Leuenberger, and Schellenberg, Helv. Chim. Acta, 1937, 20, 1271), 
fails to give a coloration with tetranitromethane, in contrast to its precursor (I, R = Me). 
Furthermore, it is converted by catalytic hydrogenation into methyl acetyl-$-boswellate 
(I, R = Me), in entire analogy with the conversion of the «$-unsaturated ketones, methyl 
glycyrrhetate and a-amyrenonyl acetate, into the corresponding deoxy-methyl ester and 
a-amyrin acetate respectively (Ruzicka, Leuenberger, and Schellenberg, Joc. cit.). 

Alkaline hydrolysis of (II, R’ = Ac) yielded methyl B-boswellenonolate, m. p. 212° (II, 
R’ = H), which on mild oxidation with chromic anhydride gave in good yield methyl 
8-boswellendionate, m. p. 264° (III). This diketo-ester was also easily obtained by 
permanganate oxidation of methyl 6-boswellenonate (IV), which in turn arises by oxidation 
(Simpson and Williams, loc. cit.) of methyl 8-boswellate. 
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It was previously shown (Simpson and Williams, Joc. cit.) that oxidation of nor-8- 
boswellenone (X) with permanganate gives rise to a ketone, m. p. 218°, for which analytical 
data indicated the formula C,,H,,0,. The only feasible explanation for the production 
of a compound of this formula, on the assumption that $-boswellic acid contains the 1 : 8- 
dimethylperhydropicene skeleton, would be the location of the unsaturated centre in nor-f- 
boswellenone at C,—C,, as in (V); oxidation as indicated by the dotted line could then 
give a diketone C,,H,,O, of structure (VI). If this hypothesis is correct, it follows that 
the diketo-ester (III) must have the partial structure (VII) (it is assumed that no migration 
of the double bond occurs during the formation of nor-$-boswellenone from $-boswellic 
acid), and should therefore condense with o-phenylenediamine. No condensation, however, 
occurs with this reagent under a variety of conditions, and the 4 : 5-position is therefore 
definitely eliminated. 

Further investigation showed that the formula C,,H,.O, for the ketone, m. p. 218°, 
was derived from inaccurate analytical data. Fresh analyses (Schoeller) on samples of 
the compound having the same physical constants and prepared under identical conditions 
gave results in excellent agreement with the formula C,.H,,0,, which was confirmed by the 
preparation of the corresponding monohydric alcohol, C,5H,,O,, m. p. 232° (VIII), readily 
obtained by reduction of the ketone with aluminium isopropoxide; this alcohol was 
converted into its monoacetate, m. p. 237° (IX), analysis of which indicated the formula 
C3,H 5903. 

Definite proof that the ketone, m. p. 218°, contains the carbonyl group originally present 
in nor-$-boswellenone, and therefore that its formation from the latter involves merely 
the addition of one atom of oxygen, is provided by the following series of experiments. 
Nor-8-boswellenone (X) was reduced by means of aluminium isopropoxide to the corre- 
sponding alcohol, nor-6-boswellenol, m. p. 190°, acetylation of which yielded xor-8- 
boswellenyl acetate, C3,H590,, m. p. 166° (XI). This acetate on oxidation with per- 
manganate furnished an acetate, C3,H,903, m. p. 233° (XII), isomeric with the acetate (IX). 
Careful hydrolysis of the acetate (XII) yielded the alcohol, m. p. 183° (XIII), which was 
then oxidised with chromic anhydride at room temperature. The product (XIV) from 
this oxidation was identical with the ketone C,,H,,O, obtained directly from nor-- 
boswellenone by permanganate oxidation. The precise relationship between the latter 
compound and the ketone, m. p. 218° (XIV), is thus established, and it also follows that 
the two acetates (IX) and (XII) differ merely in their steric configurations around C,. 
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The assignment of the structure (XIV) to the ketone C,.H,,O0, (which we now designate 
as nor-8-boswellanedione) necessarily implies that the nature of the oxidation effected by 
permanganate depends on the groups attached to C,, for it has already been shown that 
oxidation of methyl 6-boswellenonate (IV), in which C, carries a methyl group and a 
carbomethoxyl group, produces an «f$-unsaturated ketone. Consideration of the following 
facts establishes beyond doubt that the latter type of oxidation does not occur in the 
formation of the ketone C,,H,,O, from nor-f$-boswellenone. First, a comparison of the 
stability towards alkali of nor-8-boswellanedione with that of the «$-unsaturated ketone 
(II, R’ = H) demonstrates the presence of different groupings in these two compounds, for 
whereas the substance (II, R’ = H) is stable to boiling 3% alcoholic potash, nor-8-boswell- 
anedione is completely resinified under the same conditions. [It was previously observed 
(this vol., p. 688) that the latter compound is recoverable only in small yield after treat- 
ment with boiling 1% alcoholic potash.] Furthermore, nor-8-boswellanedione does not 
show the absorption spectrum of an «$-unsaturated ketone, and also the analytical data 
both of this compound and of its related alcohol and acetate (VIII and IX) are in markedly 
better agreement with the formula C,,H,,O, than with C,,H,,O,. Finally, if nor-f- 
boswellanedione were an «$-unsaturated ketone (XV), it should be derivable by the alter- 
native method of saponification of the acid (II, R’ = Ac; CO,H instead of CO,Me), followed 
by oxidation with chromic anhydride, in analogy with the conversion of 8-boswellic acid 
into nor-8-boswellenone; actually, however, no trace of nor-§-boswellanedione could be 
isolated by this procedure. 

Nor-8-boswellanedione contains only one reactive carbonyl group; this is illustrated 
both by its behaviour on reduction with aluminium tsopropoxide and also by its conversion 
into a mono-oxime, monosemicarbazone (Simpson and Williams, loc. cit.), azine, m. p. 211°, 
and mono-a-methyloxime, m. p. 200°. The alternative representation of the compound 
as a keto-oxide (XVI), while affording adequate interpretation of these reactions, is 
incompatible with its instability towards alkali, for it is well established that ethylene 
oxide rings in polycyclic hydroaromatic compounds are stable towards this reagent 
[compare «- and $-stigmasteryl oxides (Fernholz, Aunalen, 1934, 508, 215); «-dihydrofuco- 
steryl oxide (Coffey, Heilbron, and Spring, J., 1936, 738); «-spinasteryl oxide (Simpson, 
J., 1937, 730)]. Further, nor-8-boswellanedione is not formed by the action of perbenzoic 
acid on nor-$-boswellenone (X). We therefore consider, having regard to the fact that 
inert carbonyl groups are frequently encountered in triterpene derivatives, that (XIV) 
is the only possible structure for nor-B-boswellanedione; the production of the grouping 
>CH-CO-CH,— by oxidation at an ethylenic linkage may be assumed to occur by the 
mechanism : 
>C=CH—CH,— —> >¢—CH—CH,— —> >C=C—CH,— —> >CH—CO—CH,— 

(a.) ° OH OH OH (b.) 

The reactions discussed in this paper demonstrate that 8-boswellic acid contains the 
grouping (a), and also disclose two further points of interest. First, the groupings attached 
to C, control the course of the oxidising action of permanganate [(IV) —-> (III); (X) —~> 
(XIV)]; secondly, the steric configuration produced by reduction of a carbonyl group on 
C, to >CH°OH depends on whether grouping (a) or (b) is present in the compound reduced, 
C, carrying the same groups in each case [(XIV —> (VIII); (X) —~> (XI, H instead of 
Ac)]. Both these points are suggestive of a close association of C,;—C, with systems (a) 
and (b), such as would be provided by the location of the double bond of 6-boswellic acid 
at C,—C, (or, less probably, at C,—C,). Our investigation is being continued from this 
point of view. 

EXPERIMENTAL. 
(All analyses are by Schoeller. Melting points are uncorrected, and specific rotations are 


in chloroform.) 
Nor-8-boswellenone.—A slightly improved yield of this compound was obtained by the 


* The dehydration of this glycol in acid solution to the ketone (b) is reminiscent of the semihydro- 
benzoinic dehydrations (without group migration) studied by McKenzie and co-workers (J., 1924, 125, 
847; 1932, 2597; Ber., 1929, 62, 272). 
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following procedure: A solution of chromic anhydride (3 g.) in acetic acid (130 c.c. of 90%) 
was added during 75 minutes to a stirred solution of 8-boswellic acid (10 g.) in acetic acid 
(440 c.c. of 90%) at room temperature. After 16 hours the product was worked up as previously 
described (this vol., p. 687), crystallisation of the neutral fraction (7 g.) from absolute alcohol 
giving 2-9 g. of pure nor-B-boswellenone. The acid fraction (2 g.) was decarboxylated by 
refluxing for 14 hours with glacial acetic acid (150 c.c.), after which the solution was concentrated 
under reduced pressure. The residue was dissolved in ether and shaken with 3% sodium 
hydroxide solution; the neutral fraction thus obtained (1 g.) was crystallised from alcohol and 
yielded a further 240 mg. of the pure ketone. The total yield was thus 35% of the theoretical 
amount, the average yield from the procedure previously described being 28%. 

Methyl O-A cetyl-B-boswellenonolate (II, R’ = Ac).—A solution of chromic anhydride (320 mg.) 
in acetic acid (10 c.c.) was added during 55 minutes to a solution of methyl acetyl-8-boswellate 
(400 mg.) in glacial acetic acid (40 c.c.) at 40°. The solution was kept at this temperature for 
a further hour; the excess of chromic anhydride was then removed with methyl alcohol, the 
solution concentrated under reduced pressure, and the residue separated in the usual manner 
into acid and neutral fractions with 5% sodium carbonate solution. A solution of the neutral 
material (95% of the whole) in aqueous methyl alcohol deposited methyl O-acetyl-B-boswell- 
enonolate in fine prismatic needles, m. p. 203—204° (constant) after five crystallisations, 
[a}° + 51-7° (J = 1, c = 0-895) (Found: C, 75-0; H, 9-4. C,,H,,.O,; requires C, 75-2; H, 
9-6%). Light absorption in hexane: maximum at 2400 a., log « = 4-16. The keto-ester gave 
a negative tetranitromethane reaction in chloroform and a bright red colour with the 
Liebermann-Burchard reagent; it was recovered unchanged in quantitative yield after 
refluxing with (a) aluminium isopropoxide in absolute isopropyl alcohol for 18 hours, and (b) 
hydroxylamine acetate in ethyl alcohol for 2} hours. 

Reduction of Methyl 8-Boswellenonolate.—A solution of the keto-ester (280 mg.) in glacial 
acetic acid (50 c.c.) was shaken with Adams’s platinum oxide (208 mg., previously reduced) 
in an atmosphere of hydrogen, 27-5 c.c. (1-86 mols.) being slowly absorbed; after 18 hours all 
absorption had ceased. The product, isolated by precipitation with water, crystallised from 
methyl alcohol in fine prismatic needles, m. p. 189—190° either alone or on admixture with 
authentic methyl acetyl-$-boswellate. [a]# + 70-6°, + 71-:3° (}=1, ¢ = 1-015, 2-155) 
(Found: C, 77-2; H, 10-2. Calc. for C,,H,,0,:C, 77-3; H, 10-2%). <A solution of the ester 
in chloroform gave an immediate yellow coloration with tetranitromethane. Its identity was 
confirmed by heating it under reflux (100 mg.) with alcoholic potassium hydroxide (20 c.c. of 
3%) for 2 hours; the free hydroxy-ester separated from methyl alcohol in prismatic needles, 
m. p. 195—196°, [a]?” + 166°, + 166° (i = 1, c = 1-21, 1-03), and gave no depression in m. p. 
when mixed with * authentic methyl 6-boswellate of m. p. 194—195° and [«]}?” + 169° (i = 1, 
c¢ = 1-495). 

Methyl B-Boswellenonolate (II, R’ = H).—The acetate (II, R’ = Ac) (130 mg.) was refluxed 
with 0-1n-alcoholic potassium hydroxide (10 c.c.) for 14 hours. The keto-alcohol, isolated by 
precipitation with water, separated from aqueous methanol in sheaves of short prismatic needles, 
m. p. 211—212°, (aj? + 120° (1 = 1, ¢ = 0-665) (Found: C, 76-75; H, 10-0. Cs,;H4,O, 
requires C, 76-9; H, 100%). This compound was also obtained in the same yield (80% of 
pure product) when hydrolysis was effected with 3% alcoholic potash under reflux. 

Methyl B-Boswellendionate (III).—(a) A solution of chromic anhydride (15 mg.) in acetic 
acid (2-5 c.c.) was added at room temperature during 70 minutes to a stirred solution of the 
above keto-alcohol (70 mg.) in glacial acetic acid (7 c.c.). The diketone, precipitated with 
water, separated from aqueous acetone in clusters of fine long needles, m. p. 263-5—264°, [«]?” + 
117° (i = 1, c = 2-36) (Found: C, 76-95; H, 9-6. C3,,H,,O, requires C, 77-1; H, 96%). 
The tetranitromethane test with this compound was negative, but the Liebermann—Burchard 
reagent produced an immediate bright red colour. 

(b) Methyl 8-boswellenonate (IV) (2 g.) in glacial acetic acid (200 c.c.) was treated at 45° 
with N-potassium permanganate (50 c.c. = 50), added during 70 minutes with stirring. After 
a further $ hour at 45°, the solution was clarified with sodium bisulphite, diluted with water, 
and extracted with ether; the extract was washed with water and 3% sodium hydroxide 
solution, dried, and evaporated. The residue crystallised from aqueous acetone in long 
needles, m. p. 262—-263° either alone or when mixed with the diketone prepared by method (a) 
(Found : C, 77-05; H, 9-3%). 

* On numerous occasions we have obtained specimens of methyl f-boswellate which melted at 
185—187° after comparatively rapid crystallisation; such samples, of apparently constant m. p., melted 
at 195° when allowed to crystallise slowly. This behaviour is possibly attributable to polymorphism. 
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The monosemicarbazone was prepared by heating a solution of the diketone (100 mg.) in 
methanol (25 c.c.) with semicarbazide hydrochloride (500 mg.) and anhydrous sodium acetate 
(800 mg.) under reflux for 4 hours. After precipitation with water and crystallisation from 
methanol it separated in fine needles, m. p. 280—281° (decomp.) (Found: C, 71-0; H, 9-05; 
N, 7-5. Cg,H,O,N; requires C, 71-2; H, 9-2; N, 7-8%). 

Condensation of the diketone with its own weight of o-phenylenediamine was attempted 
(i) in alcoholic solution under reflux for 1 hour; (ii) im glacial acetic acid under reflux for 1 hour; 
(iii) by fusion at 150—160° for 40 minutes. In each case the diketone was recovered in almost 
quantitative yield. 

Oxidation of O-Acetyl-B-boswellic Acid.—A stirred solution of the acetyl acid (3 g.) in glacial 
acetic acid (240 c.c.) was treated with a solution of chromic anhydride (2-4 g.) in acetic acid 
(70 c.c.), added drop by drop during 70 minutes. After a further 70 minutes (temperature 
41° throughout) methyl alcohol was added, the solvent removed under reduced pressure, and the 
residue dissolved in ether. The acid fraction (90% of the whole), isolated by means of 3% 
sodium hydroxide solution, could not be obtained in crystalline form; a portion was therefore 
treated with diazomethane, and the product dissolved in methyl alcohol, from which methyl 
8-boswelienonolate separated on cooling in prismatic needles, m. p. 198—199°, which gave no 
depression when mixed with an authentic specimen of m. p. 203—204°. 

The remainder of the acid fraction (1-8 g.) was refluxed for 3 hours with methyl-alcoholic 
potassium hydroxide (60 c.c. of 5%). The product, isolated by acidification and ether- 
extraction, was dissolved in glacial acetic acid (90 c.c.) and treated with a solution of chromic 
anhydride (0-77 g.) in acetic acid (26 c.c.), added during 45 minutes at 56°. The product was 
isolated in the usual manner and separated into an acid and a neutral fraction. Attempts 
to crystallise the latter fraction (340 mg.) from a small quantity of methyl alcohol were unsuccess- 
ful (in which solvent nor-§-boswellanedione is sparingly soluble), nor could any crystalline 
material be obtained when the solution was seeded with crystals of nor-8-boswellanedione. 

Nor-f-boswellanonol (VIII).—A solution of nor-$-boswellanedione (200 mg.) in dry isopropyl 
alcohol (30 c.c.) was refluxed for 34 hours with aluminium isopropoxide (1 g.). Excess of dilute 
sulphuric acid was then added, and the product extracted with ether. The extract was washed 
with water, dried, and evaporated, and the residue dissolved in slightly aqueous methanol, 
from which nor-8-boswellanonol separated in fine needles, m. p. 231—232°, [«]>” + 137° (7 = 1, 
¢ = 1-135) (Found: C, 81-2; H, 11-3. C,,H,,O, requires C, 81:2; H, 113%). A solution of 
the keto-alcohol in chloroform gave a negative tetranitromethane test and a purple-red 
Liebermann-—Burchard reaction. 

Nor-8-boswellanonyl acetate (IX), obtained by heating (VIII) with acetic anhydride in 
pyridine at 90°, crystallised from aqueous methanol in clusters of needles, m. p. 236-5—238°, 
[a] + 111° (1 = 1, c = 0-940) (Found: C, 78-8; H, 10-65. C3,Hs 0, requires C, 79-1; 
H, 10-7%). It was recovered unchanged after treatment with semicarbazide acetate in alcohol 
under reflux for 3} hours. 

Nor-B-boswellenol.—Nor-$-boswellenone (1 g.) was refluxed for 3} hours in dry isopropyl 
alcohol (70 c.c.) with aluminium isopropoxide (5-5 g.). The product was worked up as in the 
reduction of nor-f-boswellanedione, nor-B-boswellenol separating from acetone in sheaves of long 
silky needles, m. p. 190—191°, [a]? +-112° (/ = 1, c = 1-140) (Found: C, 84-1; H, 11-5. 
CygH,,O0 requires C, 84-4; H, 11-7%). 

Nor-f-boswellenyl acetate (XI), prepared by heating a solution of nor-f-boswellenol in 
pyridine with acetic anhydride on the water-bath, crystallised from aqueous methyl alcohol in 
stout prismatic needles, m. p. 165—166°, [«]?” + 109° (1 = 1, c = 1-025), and from aqueous 
a in leaflets, m. p. 151-5—152° (Found: C, 81-7; H, 11-0. Cs,;H,,O, requires C, 81:8; 

» 111%). 

Oxidation of Nor-B-boswellenyl Acetate.—The acetate (120 mg.) was dissolved in glacial acetic 
acid (22 c.c.) and treated at 45° with N-potassium permanganate (3 c.c.), added drop by drop 
during 35 minutes. After a further } hour at 45°, sodium bisulphite was added, and the 
oxidation product precipitated by addition of water. The new keto-acetate (XII) crystallised 
from aqueous methy] alcohol in narrow rectangular plates, m. p. 233—233-5°, giving a depression 
of 30° when mixed with the isomeric acetate (IX). [aJ}§° + 163° (/ = 1, c = 0-735) (Found : 
C, 79-1; H, 10-6. Cs,H,,O, requires C, 79-1; H, 10-7%). 

Keto-alcohol (XIII).—In analogy with nor-8-boswellanedione, the keto-acetate (XII) 
is resinified by treatment with hot alcoholic alkali. We have, however, observed that 2-acetyl 
derivatives of 8-boswellic acid are hydrolysed by 0-1n-alcoholic sodium hydroxide at room 
temperature, provided a free carboxy] group is not attached to C, (in which case an acetyl group 
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on C, can be removed only by refluxing with n-alcoholic alkali). Hydrolysis of (XII) was 
satisfactorily effected by allowing a solution of the acetate (350 mg.) in methyl alcohol (30 c.c.) 
and 4n-sodium hydroxide (3 c.c.) to stand for 18 hours at 10°. Water was then added, and the 
resultant suspension extracted with ether. The extract was washed, dried, and evaporated ; 
a solution of the residue in methyl alcohol deposited fine needles (200 mg.) of the keto-alcohol 
(XIII), m. p. 182—183°, [a]? + 159° (1 = 1, c = 0-975) (Found: C, 80-9; H, 11-3. C,,H,,0, 
requires C, 81-2; H, 11-3%). A small quantity of the keto-alcohol was heated on the water- 
bath with acetic anhydride in pyridine; the product after crystallisation from aqueous methyl 
alcohol melted at 232—233° both alone and when mixed with the keto-acetate (XII), thus 
showing that cold hydrolysis of the latter produces no effect beyond removal of the acetyl group. 

Nor-8-boswellanedione from the Keto-alcohol (XIII).—The foregoing keto-alcohol (60 mg.) 
in glacial acetic acid (7 c.c.) was treated at 20° with a solution of chromic anhydride (20 mg.) in 
acetic acid (2 c.c.), added during 35 minutes. After afurther 1} hours methyl alcohol was added, 
the solution concentrated under reduced pressure, dilute sulphuric acid then added, and the 
mixture extracted with ether. Evaporation of the washed and dried extract gave a crystalline 
residue, which after one crystallisation from methyl alcohol had m. p. 217—218°, both alone 
and when mixed with authentic nor-8-boswellanedione. [a]}° + 159° (J = 1, c = 0-86) (Found : 
C, 81-5; H, 11-1. Cy,H,,O, requires C, 81-6; H, 10-9%). Light absorption in alcohol: 
maximum at 2735 a., loge = 1-753. 

The diketone, prepared by permanganate oxidation of nor-f-boswellenone (Found: C, 
81-6; H, 10-6%), was converted into the following derivatives : (i) The oxime, as previously 
described (Simpson and Williams, Joc. cit.), crystallised from aqueous methanol in soft fine 
needles, m. p. 197—198°, unchanged by crystallisation from aqueous acetone (Found: C, 
78-8, 79-0; H, 10-7, 10-8; N, 3-1. C,g.H,,O,N requires C, 78-8; H, 10-8; N, 3-2%). 

(ii) Several preparations of the semicarbazone, obtained by refluxing the diketone with 
semicarbazide acetate in alcohol, had m. p. 251—253° (decomp.) (Found: C, 74-3, 74-4, 74-5; 
H, 10-1, 10-4, 10-2; N, 8-5, 8-6. C39H,,O,N; requires C, 74-45; H, 10-2; N, 8-7%). 

(iii) The diketone (450 mg.) was refluxed for 4 hours with 50% hydrazine hydrate (0-3 c.c.) 
in absolute alcohol (30 c.c.). On dilution with water an emulsion was formed, which was 
coagulated, by the addition of a drop of dilute hydrochloric acid, to a granular precipitate ; 
this was repeatedly crystallised from methyl alcohol, from which the azine finally separated in 
long prismatic needles, m. p. 210—211° [Found: C, 81-4; H, 10-7; N, 3-5; M (Rast), 815, 
863, 925. C,,H,,O.N, requires C, 82-0; H, 10-9; N,3-3%; M, 849). 

(iv) The diketone (100 mg.) was refluxed for 3 hours with «-methylhydroxylamine (0-4 c.c.) 
in alcohol (10 c.c.). The a-methyloxime, obtained by precipitation with water, crystallised 
from methyl alcohol in fine feathery needles, m. p. 199—200° after five crystallisations (Found : 
C, 78-95; H, 10-8; N, 3-1. C3,H,,O,N requires C, 79-1; H, 10-85; N, 3-1%). 

Action of Sulphur on Methyl O-Acetyl-B-boswellate—An intimate mixture of the acetyl 
ester (1 g.) and sulphur (1 g.) was heated in a stream of nitrogen at 210—220° (compare Jacobs 
and Fleck, loc. cit.) for 5} hours, during which time a very slow evolution of hydrogen sulphide 
occurred. The reaction-mass was thoroughly extracted with ether, and the extract dried 
and evaporated; repeated crystallisation of the residue from aqueous ethanol yielded needles 
(450 mg.), m. p. 177—178°, and 183—184° when mixed with methyl O-acetyl-B-boswellate. 

More drastic conditions were then employed, the mixture of sulphur and the acetyl ester 
being heated at 230—240° for 2 hours and then at 250° for a further hour. In spite of a more 
vigorous evolution of hydrogen sulphide the only crystalline product isolated was impure 
starting material (m. p. 176—177°, 440 mg.). 

The identity of both these specimens was confirmed by refluxing with 5% alcoholic potash ; 
the product, after three crystallisations from methyl alcohol, had m. p. 187—188° (190° when 
mixed with authentic methyl 8-boswellate of m. p. 194—195°). 

Specific Rotations of 8-Boswellic Acid Derivatives ——The specific rotation of the 6-boswellic 
acid used in this, and also in our earlier, work was considerably higher than the values given by 
Winterstein and Stein (Joc. cit.) and by Trost (loc. cit.). Our acid was prepared by the method 
of Winterstein and Stein, which involves precipitation of the mixture of «- and 8-boswellic acids 
as barium salts, followed by decomposition of the latter with acetic anhydride. This is a 
strongly exothermic reaction, and we have observed that the time for which it is allowed to 
proceed determines the rotation of the product. Thus, following our usual procedure of 
refluxing the mixture for approximately 1 hour after the initial reaction, we obtained an acid 
of high rotation; when, however, no external heat was applied, the rotations of the resultant 
acid and its derivatives agreed closely with those of Winterstein and Stein and of Trost. In 





[1938] Notes. 1719 


Table I, column A includes derivatives of the ‘‘ high rotation series ’’ arising from the $-acetyl 
acid obtained by refluxing the barium salts with acetic anhydride; in B are given rotations 
of derivatives of the B-acetyl acid obtained from the barium salts without subsequent refluxing ; 
and in C and D are given the values of Winterstein and Stein and of Trost. 


TABLE I. 


A. B. c. D. 
aie, a. pr, se, 
M. p. [a]p. M. p. [a]p. M. p.* [a]p- M. p.* [a]p. 
O-Acetyl-B-boswel- 273—275° 136° 273—275° 74-3° 271—273° 69° 273—275° 71:5° 
lic acid 
B-Boswellic acid 234 215 (a) — — 238—240 119 238—239 118 
208 (b) 
Methyl O-acetyl- 189—190 131 (c) 193—194 70-0 (c) 197-5—198-5 73-8 — — 
B-boswellate 132 (d) 
134 (e) 
135 (e) 
Methyl f-boswel- 195—196 190 (f) 195—196 111 (g) 189—190 116 198—200 145 
late and and 
184—185 194(f) 184—185 
Nor-f-boswellen- 195—196 128 — — 198—200 127 
one 
* M. p.’s corrected. (a) Recrystallised twice. (b) Recrystallised seven times. (c) By methylation 
of O-acetyl-B-boswellic acid. (d) From methyl f-boswellate ex seven times recrystallised -boswellic 
acid. (e) From methyl f-boswellate ex twice recrystallised B-boswellic acid. (f) Ex B-boswellic acid 
seven times recrystallised. (g) Ex methyl O-acetyl-f-boswellate. 


The similarity between corresponding m. p.’s in columns A and B is of interest in view of 
the widely divergent rotations. On only one occasion have we obtained a low-rotation derivative 
from one of high rotation, namely, methyl O-acetyl-$-boswellate by the reduction of methyl 
O-acetyl-8-boswellenonolate (from high-rotation methyl O-acetyl-6-boswellate) ; hydrolysis of the 
acetyl group in this case immediately caused reversion to the “ high-rotation series ’’ (p. 1716). 

The changes in steric configuration involved in the two modifications of B-boswellic acid 
derivatives would seem to be confined to C,—C,, inasmuch as the physical constants of nor-f- 
boswellenone, in which C, is no longer asymmetric and decarboxylation has occurred at C,, 
are independent of those of the 6-boswellic acid used in its preparation. 

Perbenzoic Acid Titrations.—Solutions of (a) acetyl-B-boswellic acid and (b) nor-f- 
boswellenone in excess of approximately 0-3n-perbenzoic acid in chloroform were kept at 5°, 
and the oxygen consumption determined at various times in the usual manner : 


(a) Acetyl-B-boswellic acid. 


Time (hours) 17 24 42 48 68 113 238 
Oxygen consumption (atoms) 0-385 0-49 0-63 0-61 0-60 0-68 0-75 


(b) Nor-8-boswellenone. 


Time (hours) 9 42 100 173 
Oxygen consumption (atoms) 0-36 0-40 0-45 


KinG’s COLLEGE, UNIVERSITY OF LONDON. [Received, July 29th, 1938.] 
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Piston Oils of Low Spreading Pressure. By ALFRED Norris and T. W. J. Taytor. 


To maintain a constant pressure in experiments where a surface film is transferred from a 
water surface to a solid, it is usual to use a piston oil separated from the film by a waxed silk 
thread (Blodgett, J. Amer. Chem. Soc., 1934, 56, 495; 1935, 57, 1007, etc.). For pressures 
of the order of 30 dynes/cm. purified oleic acid can be used, and at about 15 dynes/cm. castor 
oil. At about 9 dynes/cm. Langmuir has used tritolyl phosphate, and’ for lower pressures 
partially oxidised indicator oil (J. Amer. Chem. Soc., 1937, 59, 2400). 

In order to have a greater control on the pressures at which films can be transferred, we have 
tried several binary mixtures of a compound with no tendency to spread with one which has 
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a high spreading pressure. A satisfactory mixture was found to be that of high-boiling paraffin 
with ethyl myristate. It was anticipated that, when such a mixture was spread on a water sur- 
face, the composition of the film would not be the same as that of the liquid which remains as 
a droplet, so that, to maintain the composition of the droplet effectively constant, it would be 
necessary to have a considerable excess of the mixture on the surface. The pressure should 
then be independent of moderate changes in surface area. This anticipation proved correct : 
as very small drops of the mixture were successively placed on about 200 sq. cm. of water 
surface, the pressure registered on an Adam’s surface balance slowly changed to a constant 
value, and this value was unchanged when the surface was reduced or increased in area. 

The paraffin was a high-quality medicinal paraffin, which had been heated to 150°/10 mm. 
to remove spreading constituents, and it showed no sign of spreading on a water surface; 
the ethyl myristate was a pure specimen spreading at a pressure of 20-7 dynes/cm. The liquids 
were too viscous to mix rapidly or to be handled easily, and hence solutions of accurately known 
strength (approximately 10%) of each in light petroleum (b. p. 60—70°) were prepared and 
mixed in various proportions, and the light petroleum evaporated. The results were: 

Ethyl myristate, % 10-0 16-5 33-0 49-0 65-5 100 
Pressure, dynes/cm. 5-0 8-5 11-1 14-7 17-0 20-7 

A binary mixture which gives control over spreading pressure has been described by Adam 
(Proc. Roy. Soc., 1937, B, 122, 134); it consists of a hydrocarbon oil and n-dodecyl alcohol. 
With these components the pressure rises from zero to 22 dynes/cm. as the alcohol content is 
increased from 0 to 1%. The mixture we describe is not so sensitive to concentration changes, 
and provides a convenient method of obtaining a wide range of pressure at intervals as small 
as may be desired, without having recourse to a large variety of substances.—THE Dyson 
PERRINS LABORATORY, OXFORD. [Received, September 26th, 1938.] 





Fractional Distillation of Mixtures of Constant Boiling Point. By RoBERT WRIGHT. 


THE composition of the distillate from a constant-boiling binary mixture may be altered by 
changing the pressure at which the distillation takes place, or by the addition of a third sub- 


stance which has a selective action on one of the two constituents. This action may be chemical, 
as in the production of absolute alcohol by means of lime, or it may be simply due to the lowering 
of the vapour pressure of one constituent, relative to that of the other, resulting from the 
greater solubility of the added solute in the first constituent. The latter is the principle of the 
method first suggested by Young (J., 1902, 81, 710) for the dehydration of alcohol by the addition 
of benzene. When benzene is added to constant-boiling 95% aqueous alcohol it decreases the 
vapour pressure of the alcohol, so the first fraction of the distillate is richer in water; this 
fraction is followed by a constant-boiling mixture of benzene and alcohol, b. p. 68°, and the 
final fraction is dehydrated alcohol. 

If the added substance is itself relatively non-volatile, the method is simplified—at least 
theoretically—for the distillate contains only the original constituents, being at first richer 
in that constituent in which the added substance is insoluble. For example, the following 
results were obtained by distilling (without a fractionating column) 100 c.c. of the azeotropic 
mixture of n-propyl alcohol and water (containing 28% of water) with different added substances. 
The first 10 c.c. of the distillate were rejected in each case, and the following 50 c.c. collected, 
the composition being determined by means of a refractometer. 

H,O, %, in H,O, %, in 

Substance added to 100 c.c. distillate. Substance added to 100 c.c. distillate. 


Benzyl benzoate, 50 C.c.  ......+e00e- 30-0 ; Sucrose, 25 g. 21-0 
Liquid paraffin, 50 C.c. .......0.0s00e+ 29-0 ig, BE Go. vecccecccscccccccvescoccese 13- 
Palmnitic acid, 50 c.c. 30-5 KOH, 25 g. 8-0 
Stearic acid, 50 c.c. 31-0 

It will be noted that the water-soluble are more effective than the alcohol-soluble solutes, and 
that alcohol containing only 8% of water may be obtained from a single distillation with potas- 
sium hydroxide. If this distillate is fractionated, it may be separated into pure propyl alcohol 
and the azeotropic mixture, and the latter may be again dehydrated by distillation from the 
potassium hydroxide which has in the meantime been strongly heated in order to expel the 
water retained from the first distillation. The following results were obtained by treating 200 
c.c. of the azeotropic mixture with 50 g. of potassium hydroxide in the manner indicated, the 
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process being repeated three times: Pure propyl alcohol, 40 c.c.; 96% alcohol, 98 c.c.; 20% 
alcohol, 40 c.c. The process thus provides a simple method of obtaining pure propyl alcohol 
from the constant-boiling mixture. 

Interesting temperature changes occur during the distillation of an azeotropic propyl] alcohol— 
water mixture to which a non-volatile substance soluble in one constituent has been added. 
A thermometer placed in the vapour at first rises, then falls sharply for about 1°, and then 
again rises. For example, if a solution of stearic acid in the mixture is being distilled, the first 
distillate will be richer in water than the azeotropic mixture, and consequently the later distillate 
will be richer in alcohol. Therefore, during the transition from water-rich to alcohol-rich 
distillate the composition passes through that of the azeotropic mixture, i.e. , through a mixture 
of minimum b. p._ This fall in the b. p. is a useful indication when to change receivers in order 
to separate the water-rich and the alcohol-rich fraction. 

The azeotropic mixture of ethyl alcohol and water contains about 95-5% of alcohol and 
no solute is available which is insoluble in alcohol but soluble in water in such a mixture, 
so we are restricted to the use of alcohol-soluble solutes. If the mixture is distilled with an 
equal volume of benzyl benzoate, liquid paraffin, or stearic acid, it is possible to obtain a slightly 
more concentrated alcohol (ca. 97%) in the last portion of the distillate. More satisfactory 
results are obtained by combining the method with dehydration by means of lime: an equal 
volume of high-boiling paraffin is added to the mixture,.and the whole refluxed; owing to the 
presence of the paraffin (which lowers the vapour pressure of the alcohol) the condensed vapour 
is richer in water than the original mixture, and it is allowed to percolate over a column of 
freshly ignited lime before returning to the boiling mixture, the process being carried out in 
a simple type of extraction apparatus. As it is very difficult to prevent traces of lime from 
entering the boiling mixture, the solute used to lower the vapour pressure of the alcohol should 
not be affected by the lime, so that liquid paraffin should be used instead of benzyl benzoate or 
stearic acid. Further, as all the water is eventually absorbed by the lime, the method should 
only be employed for alcohol which has already been dehydrated by distillation with potassium 
carbonate. 

Mariller (Compt. rvend., 1922, 175, 588; Chim. et Ind., 1923, 10, 643) describes the dehydration 
of alcohol by means of mixed dehydrating agents, potassium carbonate dissolved in glycerol 
being the most satisfactory. In this case, however, both constituents of the added substance 
lower the vapour pressure of the water relative to that of the alcohol, the solution of potassium 
carbonate in glycerol being a liquid with a greater affinity for water than pure glycerol. In 
the method now described, one constituent—the paraffin—lowers the vapour pressure of the 
alcohol; hence the refluxed distillate is richer in water than the original mixture and is there- 
fore more easily acted on by the quicklime. There is thus, as it were, a “push and pull” 
effect applied to the water owing to the joint action of the paraffin and the quicklime. 

The results obtained by the present method may be seen from the table, which compares the 
effects of refluxing 50 c.c. of aqueous alcohol over a column of lime for one hour, with and 
without the addition of an equal volume of liquid paraffin. The water content of the distillate 
after treatment was obtained from the refractive index of the solution as determined by means 
of a dipping refractometer (Leach and Lythgoe, J. Amer. Chem. Soc., 1905, 27, 964). 

Fron 4 of original mixture : EtOH, % : 94-5 97-0 99-0 

%, in distillate refluxed without paraffin... 96-0 97-7 98-7 99-5 
EtOH, %, in distillate refluxed with paraffin . , ae 99-7 99-7 


Finally, a sample of 50 c.c of commercial absolute alcohol (99-4%) was refluxed with paraffin 


over lime for 24 hours and then distilled. The distillate contained 99-9% of alcohol, the 


composition being determined by means of a density measurement, as the dipping refractometer 
is not sufficiently sensitive to detect minute traces of water.—GLasGow UNIVERSITY. [Received, 
June 7th, 1938.) 
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Nucleic Acids. 


A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON May 5tTu, 1938.* 
By J. MAsson GULLAND. 


THE nucleus of a cell consists invariably and largely of nucleoproteins, compounds of 
nucleic acids and proteins. Miescher and Schmiedeberg, for example, found that the 
heads of salmon spermatozoa consisted of 60-5% of nucleic acid and 30-6% of a protamine, 
but the proportion of nucleic acid is in general lower. In this connection, it may be noted 
that the chromosomes contain nucleic acids (Caspersson, Naturwiss., 1935, 23, 527; 1936, 
24, 108; Caspersson, Hammarsten, and Hammarsten, Trans. Faraday Soc., 1935, 31, 367; 
Signer, ibid., 1936, 32, 296). 

Glandular tissues, such as thymus and pancreas, are particularly rich in nucleoprotein, 
and these, together with yeast, are at the present time the chief sources of nucleic acids, 
which are liberated from nucleoproteins by enzymic, or mild chemical hydrolyses. 
Steudel and Takahata (Z. physiol. Chem., 1924, 183, 165; see also Clarke and Schryver, 
Biochem. J., 1917, 11, 319) state, however, that in yeast the nucleic acid is present in a 
free state and not in combination with protein. The linkages between nucleic acids and 
proteins in nucleoproteins are probably partly electrovalent and partly covalent, but 
further discussion is not warranted here. 

The nucleic acids are colourless, amorphous powders containing carbon, hydrogen, 
oxygen, nitrogen, and phosphorus, and this amorphous character greatly increases the 
difficulties of investigation because of uncertainty as to the homogeneity of the material. 

Until recently it was believed that without exception the nuclei of plant cells all contain 
one nucleic acid, whereas another nucleic acid, similarly constituted but differing in details, 
characterises the nuclei of animal cells. This generalisation, however, is no longer accurate. 
Feulgen and Rossenbeck (Z. physiol. Chem., 1924, 135, 203), Feulgen, Behrens, and 
Mahdihassan (ibid., 1937, 246, 203), Belozerski et al. (Biochimia, 1936, 1, 134, 255, 665), 
and Milovidov (Planta, 1936, 25, 197) have found the so-called animal nucleic acid in 
plants, and Hammarsten, Hammarsten, and Olivecrona (Acta med. scand., 1928, 68, 215), 
Jorpes (Biochem. J., 1934, 28, 2102), and Steudel (Z. physiol. Chem., 1936, 241, 84) have 
found a nucleic acid of the plant type in pancreas. More recently, Behrens (Z. physiol. 
Chem., 1938, 253, 185) has shown that in the rye germ, deoxyribonucleic acid occurs in the 
cell nuclei and ribonucleic acid in the protoplasm, and Delaporte and Roukhelman (Com#t. 
rend., 1938, 206, 1399) have isolated deoxyribonucleic acid from the nuclei of yeast cells, 
and ribonucleic acid from the metachromatic granules. It is therefore best to describe a 
nucleic acid by referring both to its origin and to its type. First, therefore, there are 
ribonucleic acids, of which the sugar component is d-ribose and of which “‘ yeast nucleic 
acid’ and allonucleic acid of pancreas are the chief examples. Ribonucleic acids were 
formerly regarded as occurring solely in plants. Secondly, there are deoxyribonucleic 
acids, in which the sugar component is d-2-deoxyribose and of which “ thymus nucleic 
acid” is the classical example. Such nucleic acids were formerly regarded as occurring 
solely in animal tissues. 

Nucleotides of Yeast Nucleic Acid. 


Cold alkaline hydrolysis (Levene, J. Biol. Chem., 1923, 55, 9; Jones and Perkins, ibid., 
p. 567; 1924, 62, 557; Calvery and Jones, ibid., 1927, 78, 73; Buell and Perkins, ibid., 
1927, 72, 21; Calvery and Remsen, 1bid., 1927, 78, 593) or enzymic hydrolysis (Jones and 
Perkins, Joc. cit., p. 557; Makino, Z. physiol. Chem., 1934, 225, 154) transforms yeast 
nucleic acid into four nucleotides, namely, guanylic (I), yeast adenylic (II), cytidylic (III), 
and uridylic (IV) acids, of which the constitutions are now regarded as established for the 
reasons outlined below. 

Complete chemical or enzymic hydrolysis of these nucleotides yields phosphoric acid, 
d-ribose or its degradation product furfural, the purine bases guanine and adenine, and the 
pyrimidine bases cytosine and uracil. 


* This communication summarises and also extends the lecture. The bibliography is not complete. 
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The pentose is united directly to the nitrogenous constituent, since the nucleotides 
undergo simple dephosphorylation to the corresponding nucleosides (base—sugar derivatives) 
guanosine, adenosine, cytidine, uridine, either chemically (Levene and Jacobs, Ber., 1909, 
42, 2471, 2476; 1910, 43, 3154; Levene and La Forge, Ber., 1912, 45, 608) or enzymically 
(Bielschovsky, Z. physiol. Chem., 1930, 190, 15; Gulland and Macrae, J., 1933, 662; Makino, 
Z. physiol. Chem. 1934, 225, 147; Bredereck, Beuchelt, and Richter, 1bid., 1936, 244, 102). 
The union must be glycosidic, since the nucleosides have no reducing properties until the 
sugar component is liberated by hydrolysis. 

The ribose and phosphoric acid may be obtained combined as an ester and free from 
the nitrogenous constituent either by the spontaneous fission of certain nucleotides (see 
below) or by the use of a specific pancreatic enzyme, “‘ nucleotide-N-ribosidase ’’ (Ishikawa 
and Komita, J. Biochem. Japan, 1936, 23, 351; Komita, zbzd., 1937, 25, 405; 1938, 27, 23). 

The outstanding points as regards the constitutions of the nucleotides prepared from 
yeast nucleic acid are (a) the position of the glycosidic linkage of the pentose to the purine 
or pyrimidine; (b) the existence of a furanose, not a pyranose, structure for the sugar; 
(c) the position of the phosphoric acid on the C; atom of the sugar. These questions are 
discussed below. 


HN——CO N==C-NH, N==C-NH, 
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(i) Position of the Glycosidic Linkage—Pyrimidines. The amino-group cannot be the 
point of attachment of the pentose, because nitrous acid transforms cytidylic acid into 
uridylic acid (Bredereck, Z. physiol. Chem., 1934, 224, 79) and cytidine into uridine (Levene 
and Jacobs, Ber., 1910, 43, 3159); C, and C,; are also excluded since such compounds, 
having a C-C linkage, would not be glycosides. The correctness of the remaining alter- 
riative (III and IV) was confirmed (Levene and Tipson, J. Biol. Chem., 1934, 104, 385) by 
conversion of uridine into 1-methyluridine and hydrolysis of this to 1-methyluracil. 

Purines. Deamination by nitrous acid transforms guanosine and adenosine into 
xanthosine and inosine respectively, both of which retain the pentose radical, and hence 
the amino-groups cannot be the point of attachment. A direct C-C linkage is excluded for 
the reason given above, and the remaining alternatives are N,, Ns, Nz, N, of guanine and 
N,, Ng of adenosine. 

The choice between these positions was made by comparison of the ultra-violet 
absorption spectra of the glycoside in various solvents with the spectra of methyl derivatives 
of the corresponding purine, where the methyl group occupies successively the possible 
positions for the sugar. The assumption is made that the methyl group and the sugar 
radical occupy the same position in the molecule when the spectra are closely similar and 
mutually unlike those of other methylated derivatives, it being recognised (Goos, Schlubach, 
and Schréter, Z. physiol. Chem., 1930, 186, 148) that the effect of the carbohydrate group 
on such spectra is negligible. Thus, the spectra of guanosine closely resemble those of 
9-methylguanine but are quite unlike those of 7-methylguanine (Gulland and Story, this 
vol., p: 692), and the spectra of xanthosine, when compared with those of the four mono- 
methyl xanthines (V, VI, VII, VIII) closely resemble the spectra of 9-methylxanthine 
(VIII) but not those of the three other compounds (Gulland, Holiday, and Macrae, J., 
1934, 1639). 

Similarly, the spectra of adenosine and inosine are practically identical with those of 

5T 
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9-methyladenine and 9-methylhypoxanthine, respectively, and different from those of 
the corresponding 7-methyl derivatives (Gulland and Holiday, J., 1936, 765). Other 


CH,N——CO HN——CO HN——CO 
= co cH bb nag -— 


do 
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(V.) (VI.) (VII.) (VIII.) 


adenine derivatives are also 9-substituted—muscle adenylic acid (XXVI; Gulland and 
Holiday, loc. cit.) and adenine thiomethyl pentoside (Falconer and Gulland, J., 1937, 
1912). 

It is clear that 9-substitution is apparently the rule in the purine ribonucleosides and, 
as will be shown below, it has also been found to occur in the deoxyribose series. 

(ii) Ring Structure of Pentose—The demonstration of the furanose structure of the 
sugar follows two methods: (a) methylation and oxidation, and (b) interaction with 
triphenylmethyl chloride. 

Methylation and oxidation. Levene and Tipson methylated guanosine (J. Biol. Chem., 
1932, 97, 491), adenosine (ibid., 1932, 94, 809), and uridine (ibid., 1933, 101, 529) with 
methyl sulphate and alkali, split off the methylated sugar by hydrolysis, and oxidised it in 
each case to i-dimethoxysuccinic acid (IX) under conditions in which the isomeric 2 : 3 : 4- 
trimethylribose gave only trimethoxyglutaric acid. The methylated sugar of the 
nucleosides (X) was therefore 2 : 3 : 5-trimethylribose with a furanose ring. . Thus all four 
nucleotides are furanosides, since each nucleotide may be transformed into the corre- 
sponding nucleoside and since uridylic acid may be prepared by deamination of cytidylic 
acid. 
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Interaction with trityl chloride. Bredereck (Ber., 1932, 65, 1830; 1933, 66, 198; Z. 
physiol. Chem., 1934, 223, 61) showed polarimetrically that a mixture of «- and $-methyl- 
ribopyranosides (no -CH,OH) (XI) failed to react with trityl chloride, whereas he could 
prepare trityl derivatives of adenosine, uridine, and cytidine. He concluded that inter- 
action with trityl chloride may be regarded as evidence of the presence of a primary 
alcoholic group in the sugar, and hence in the case of pentosides, of a furanose ring (XII). 
Evidence which might be contrary to this conclusion was provided by Hockett and Hudson — 
(J. Amer. Chem. Soc., 1931, 58, 4456), who showed that in various methylglycosides trityl 
chloride may react with secondary alcoholic groups. Bredereck’s observations with the 
methylribopyranosides, however, seem to dispose of such possible objections. 
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(1ii) Position of Phosphoric Acid Group.—Purine nucleotides. Xanthylic acid (Levene 
and Dmochowski, J. Biol. Chem., 1931, 93, 563; Levene and Harris, ibid., 1932, 95, 755) 
and inosine phosphoric acid (idem, tbid., 1933, 101, 419), prepared by deamination of 
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guanylic and adenylic acids respectively, undergo spontaneous hydrolysis at the pq of 
their aqueous solutions, yielding xanthine and hypoxanthine, respectively, and a ribose 
phosphoric acid, which is the same in both cases. The two samples have the same rotation, 
which is similarly affected by the presence of boric acid, and the same hydrolysis curve 
for the fission of the phosphoric acid group by acid (idem, ibid.). 

This ribose phosphoric acid could theoretically have any of the structures (XIII), (XIV), 
and (XV); (XIII) is excluded, however, because an acid of that constitution was isolated 
from muscle adenylic acid (X XVI) (inosinic acid) by Levene and Jacobs (Ber., 1908, 41, 
2703; 1911, 44, 746), was synthesised by Levene and Stiller (J. Biol. Chem., 1934, 104, 
299), and was shown to be dephosphorylated much more slowly than the ribose phosphoric 
acid under consideration. This difference between the properties of 3- and 5-phosphoribose 
is further illustrated by the ease with which adenosine-3-phosphate (II) is broken down by 
acid hydrolysis into adenine, furfural, and phosphoric acid, and the relative stability of 
adenosine-5-phosphate -(X XVI) under the same conditions (Emden and Schmidt, Z. 
physiol. Chem., 1929, 181, 130; 1931, 197, 191; Steudel, cbid., 1933, 216, 77; Kobayashi, 


J. Biochem. Japan, 1932, 15, 261). 
CH(OH)—— CH,°OH 
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Levene and Harris (J. Biol. Chem., 1932, 98, 9) decided most ingeniously in favour of 
(XV) and not (XIV) by reducing the aldehyde group catalytically to a primary alcoholic 
group. The resulting ribitol phosphoric acid was optically inactive, a condition which 
can only occur if the phosphoric acid group is situated symmetrically as in (XVI). In 
confirmation of the soundness of this line of argument, Levene, Harris, and Stiller 
(tbid., 1934, 105, 153) reduced (XIII) to ribitol-5-phosphoric acid and observed that this 
acid was optically active. 

Pyrimidine nucleotides. A discussion has already been given of the argument that a 
nucleotide contains a primary alcoholic group if it reacts with trityl chloride. Using this 
line of reasoning, Bredereck (Z. physiol. Chem., 1934, 224, 79) condensed uridylic acid with 
trityl chloride and concluded that the phosphoric acid group cannot be attached to the 
terminal C, of the pentose but must esterify the hydroxyl at C, or Cs. The latter position 
was preferred by analogy with the purine nucleotides, but there i is no clear-cut evidence on 
which to base a decision: 

(iv) Purine and Pyrimidine Nucleotides present in Equal Nembors-— Jones (“ Nucleic 
Acids,”’ 1920, p. 40, Longmans, Green and Co., London) recounts that in acid hydrolyses of 
yeast nucleic acid 50% of the total phosphorus was rapidly liberated as inorganic phosphoric 
acid, whereas the remainder was only slowly hydrolysed. He was also able to construct a 
similar hydrolysis curve for an artificial mixture of a purine nucleotide and a pyrimidine 
nucleotide. In view of the fact that purine nucleotides are rapidly and completely 
dephosphorylated by acid hydrolysis whereas pyrimidine nucleotides are hydrolysed very 
slowly, Jones concluded that in yeast nucleic acid the number of purine nucleotides is equal 
to the number of pyrimidine nucleotides. 

The same conclusion was reached by Hoffman (J. Biol. Chem., 1927, 73, 15) from 
estimations of the amount of furfural formed in acid hydrolysis of yeast nucleic acid; 
purine nucleotides give the theoretical. quantities of furfural whilst the pyrimidine 
nucleotides yield none (Steudel, Z. physiol. Chem., 1936, 242, 100). 

Both the preceding methods were used in combination by Kobayashi (J. Biochem, 
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Japan, 1932, 15, 261) to confirm the conclusions. From estimations of furfural and 
phosphate, he observed a marked retardation in the rate of hydrolysis by acid or alkali 
when 50%, of the phosphorus or ribose had been liberated. 

Ellinghaus (Z. physiol. Chem., 1927, 164, 308) supported these views from a comparison 
of the combined heats of combustion of the components of the four nucleotides on the 
one hand and of yeast nucleic acid itself on the other. 


The Nucleotides of Thymus Nucleic Acid. 


Thymus nucleic (thymonucleic) acid, prepared from thymus gland, is characteristic 
of the nucleic acids of many animal tissues (for examples, see Levene and Bass, ‘‘ Nucleic 
Acids,”’ 1931, p. 294, Chemical Catalog Co., New York). Like yeast nucleic acid, it is 
composed of four nucleotides, but, although readily broken down by acids, it is more 
resistant to alkaline fission, a fact which indicates some difference in the nature of the 
unions of the nucleotides of the two nucleic acids. 

The investigations of Steudel (Z. physiol. Chem., 1906, 49, 406) and of Levene and 
Mandel (Biochem. Z., 1908, 10, 215) showed that two purine bases, guanine and adenine, 
and two pyrimidine bases, cytosine and thymine, are present in equimolecular proportions 
(for historical discussion see Levene and Bass, op. cit., p. 252). 

After acid hydrolyses, Levene and Mandel (Ber., 1908, 41, 1905) and Thannhauser and 
Ottenstein (Z. physiol. Chem.; 1921, 114, 39) succeeded in isolating the two pyrimidine 
nucleotides in what was probably an impure state, the two more labile purine nucleotides 
having been destroyed in the process. Other investigators (see later) have also prepared 
both diphosphopyrimidine nucleosides. Hydrolysis by chemical means, however, was 
too drastic, and Levene and London (J. Biol. Chem., 1929, 81, 711; 83, 793) first prepared 
the four nucleosides, of guanine, hypoxanthine, thymine, and cytosine respectively, by the 
action of the enzymes of intestinal juice. The occurrence of the hypoxanthine nucleoside, 
instead of the corresponding adenine derivative, was the result of enzymic deamination. 

For many years the sugar component of thymonucleic acid was thought to be a hexose, 
but ultimately it was shown to be d-2-deoxyribose (idem, loc. cit., p. 711; Levene and 
Mori, J. Biol. Chem., 1929, 88, 803; Levene, Mikeska, and Mori, ibid., 1930, 85, 785). 

Finally, Klein (Z. physiol. Chem., 1933, 218, 164) observed that the action of the 
nucleotidase of intestinal mucosa was inhibited by arsenate, thus allowing the fission of 
thymonucleic acid by intestinal thymonucleinase to take place without dephosphorylation 
of the resulting nucleotides. He also found (ibid., 1934, 224, 244) that silver ions selectively 
inhibit the deaminase of the intestine, thus permitting the isolation of the adenine, instead 
of the hypoxanthine derivative. As a result, Klein and Thannhauser (ibid., 1933, 218, 
173; 1934, 224, 252; 1935, 231, 96) were able to isolate pure deoxyribo-guanylic, deoxyribo- 
adenylic, deoxyribo-cytidylic, and thymosine-phosphoric acids, and to dephosphorylate 
these to the corresponding nucleosides, the deoxyribosides of guanine (XVII), adenine 
(XVIII), hypoxanthine, cytosine (XIX), and thymine (XX). 

Using the ultra-violet absorption spectra method, Gulland and Story showed that 
adenine deoxyriboside (this vol., p. 259) and guanine deoxyriboside (tbid., p. 692) are both 
9-, not 7-, substituted purine derivatives, and the arguments used in the allocation of the 
position of the ribose radical in the pyrimidine nucleotides of yeast nucleic acid‘also hold 
good in determining the position (N,) of the sugar in the pyrimidine derivatives of 
thymonucleic acid. 

Levene and Tipson (Science, 1935, 81, 98; J. Biol. Chem., 1935, 109, 623) concluded 
that the deoxyribose nucleosides have a furanose, not a pyranose, structure after demon- 
strating that thymine deoxyriboside reacts with triphenylmethyl chloride to form the 
trityl derivative of the terminal -CH,OH group. This conclusion was confirmed by the 
failure of boric acid to alter the specific rotation, a fact which implies the absence of two 
hydroxyls on adjacent carbon atoms (idem, Z. physiol. Chem., 1935, 234, V; Makino, 
Biochem. Z., 1935, 282, 263). 

The deoxyribose nucleosides are therefore formulated as in (XVII)—(XX), but the 
positions of the phosphoric acid groups of the corresponding nucleotides have not yet been 
determined. 
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Hammarsten (Biochem. Z., 1924, 144, 383) has studied the conductivity, hydrogen-ion 
concentration, osmotic pressure, and viscosity of thymonucleic acid, and has concluded 
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that each of the four phosphorus atoms has one dissociable hydrogen atom, from which 
it might be inferred that it has a cyclic structure (compare yeast nucleic acid, below). In 
view of the molecular-weight determinations on thymus nucleic acid (section below), it is 
inopportune to discuss further the question of the union of the nucleotides in the 
thymonucleic acid molecule, except to point out that, as each deoxyribose radical has only 
two available hydroxyls at C,; and C,;, each must be esterified by phosphoric acid in any 
diester structure. 














Nucleic Acids of Pancreas. 


Pancreas contains a deoxyribonucleic acid and a ribonucleic acid. The former was 
shown by Steudel (Z. physiol. Chem., 1935, 231, 273) to be probably thymonucleic acid, 


since on hydrolysis by acid it yielded phosphoric acid, guanine, adenine, cytosine, thymine, 
and levulic acid (from deoxyribose). 

The ribonucleic acid, known as allonucleic acid, is the chief nucleic acid of the nucleo- 
protein of the pancreas, and according to Hammarsten, Hammarsten, and Olivecrona 
(Acia med. scand., 1928, 68, 215) it occurs principally in the secretory epithelium of the 
gland. Its constitution has been investigated by Jorpes (Biochem. J., 1934, 28, 2102) and 
by Steudel (Z. physiol. Chem., 1936, 241, 84), but it is still unsettled. Guanylic and 
adenylic acids are present in the ratio 4: 1 (Steudel) or 2:1 (Jorpes), and cytidylic and 
possibly uridylic acids also occur. e 


Molecular Weights of Nucleic Acids. 


Yeast Nucleic and alloNucleic Acids.—Determinations of the molecular weight of 
yeast nucleic acid by a diffusion method show that the molecule is composed of four 
nucleotides only, since Myrback and Jorpes (Z. physiol. Chem., 1935, 287, 159) found that 
the molecular weight lies between 1300 and 1700, and nearer to 1300. The sum of the 
molecular weights of the four nucleotides, guanylic, adenylic, cytidylic, and uridylic acids, 
is 1357. 

By the same method Myrbiack and Jorpes found the molecular weight of al/onucleic acid 
to be 3000, showing that it is not merely a mixture of yeast nucleic and guanylic acids. 

Thymonucleic Acid.—From a study of the viscosity and double refraction of flow of a 
specially prepared sample of thymonucleic acid in water, Signer, Caspersson, and 
Hammarsten (Nature, 1938, 141, 122) concluded that in solution the molecules of thymo- 
nucleic acid have the form of thin rods, the length of which is approximately 300 times 
their width, and that the molecular weight lies between 500,000 and 1,000,000. Astbury 
and Bell (ibid., p. 747) found that films of the sodium salt of a similar sample of thymo- 
nucleic acid, when stretched 250% gave an X-ray fibre photograph in which the most 
prominent reflection corresponded to a spacing along the axis of 3-3 A., which is almost 
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identical with that of a fully extended polypeptide chain. They concluded that there is 
a close succession of about 2000 flat, or flattish nucleotides standing out perpendicularly 
to the long axis of the molecule to form a relatively rigid structure, and they confirmed the 
molecular weight of 500,000—1,000,000. 

It is not yet clear whether these conclusions would also apply to less meticulously 
prepared specimens and whether ordinary samples of thymonucleic acid, on which 
investigations have hitherto been made, may not have undergone hydrolytic fission, or 
depolymerisation, in the course of their preparation. 


Mode of Union of the Nucleotides of Yeast Nucleic Acid. 


The determination of the mode of union of the nucleotides in the molecule of yeast 
nucleic acid provides problems which are less straightforward than those described above. 
The chief contributing factor to these difficulties is the fact that the first degradation 
products which have been isolated after chemical treatment are the nucleotides themselves. 
With one exception, no compounds have been isolated which are composed of two 
nucleotides or portions thereof. As will be seen below, this marked sensitivity to chemical 
reagents has directed attention to the use of specific enzymes. In this connection it should 
be noted that enzyme experiments always suffer from the disadvantage that the phenomena 
observed may not be caused by the enzyme under consideration but may result from the 
action of some unknown or unlooked-for enzyme in the preparation. 

It is generally accepted that the four nucleotides of yeast nucleic acid are united by 
elimination of the elements of water, and since alkaline fission into nucleotides results in a 
neutralisation of alkali, it is evident that some or all of the phosphoric acid groups are 
involved in these unions. Chiefly on the basis of this conclusion a considerable number of 
formule for nucleic acids have been postulated (Steudel, Z. physiol. Chem., 1912, 77, 497; 
Levene, Biochem. Z., 1909, 17, 120; Levene and Jacobs, J. Biol. Chem., 1912, 12, 411; 
Jones and Perkins, ibid., 1919, 40, 415; 1923, 55, 557; Thannhauser and Dorfmiiller, Z. 
physiol. Chem., 1917, 100, 121; Jones e¢ al., J. Biol. Chem., 1914, 17, 71; 1916, 25, 93; 
1917, 29, 111, 123; 31, 39). All these alternatives, however, have either subsequently 
been abandoned by their promoters or may be discountenanced by recognition of the 
experimental facts that yeast nucleic acid when titrated either electrometrically (Levene 
and Simms, ibid., 1926, 70, 327; Baker, Gulland, and Prideaux, unpublished observation) 
or by using phenolphthalein as an indicator (hence titrating both primary and secondary 
phosphoric acid dissociations; Makino, Z. physiol. Chem., 1935, 232, 229) exhibits four 
primary phosphoric acid dissociations. Levene and Simms believed that there is also 
one secondary phosphoric acid dissociation, but this view is not shared by the other 
authors. 

In the light of these facts, three formule remain to be considered, namely, those of 
Feulgen (Z. physiol. Chem., 1918, 101, 288) (XXI), of Levene and Simms (J. Biol. Chem., 
1926, 70, 327) (XXII), and of Takahashi (J. Biochem. Japan, 1932, 16, 463) (XXIII). 

It should be noted that in none of these formule are the purine or pyrimidine radicals 
involved in the unions of the nucleotides, and that the relative positions of the nucleotides 
were selected arbitrarily. 

In Feulgen’s formula (X XI) two phosphoryl groups are combined in a pyrophosphate 
radical and two are doubly esterified by sugar hydroxyls. The formula of Levene and 
Simms (XXII), containing three doubly esterified phosphoryl groups and one in the form 
of a mono-ester, was based on a comparison of electrometric titration curves of yeast 
nucleic acid with a theoretical curve constructed from the titration constants of the 
constituent nucleotides and their components. The resemblance between’ experimental 
and theoretical curves was not as close as could be desired, and, as mentioned above, 
later investigators do not agree with the presence of a secondary phosphoric acid 
dissociation. It is, however, within the bounds of possibility that the material handled 
by Levene and Simms might have exhibited one secondary dissociation as a result of 
hydrolytic fission of the molecule during the preparation of the samples. 

Takahashi’s formula (XXIII), containing four doubly esterified phosphoryl groups and 
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no mono-ester, was based on the results of experiments with the following phosphatases. 
(i) Phosphomonoesterase, prepared from kidney (Kurata, J. Biochem. Japan, 1931, 14, 25; 
Takahashi, ibid., 1932, 16, 447) and freed from phosphodiesterase by absorptive methods, 
liberates inorganic phosphate from phenyl phosphate and many other mono-esters of 
phosphoric acid; it is highly non-specific (Hotta, 7bid., 1934, 20, 343) towards mono-esters 
but does not attack phosphodiesters. (ii) Diphenyl pyrophosphatase, or pyrophosphatase 
in the presence of an activator, splits diphenyl pyrophosphate into two molecules of phenyl 
phosphate but does not liberate inorganic phosphate from these (Kurata, loc. cit.; 
Takahashi, Joc. cit.). (iii) Phosphodiesterase, present without phosphomonoesterase in the 
venom of the snake Trimeresurus flavoviridis, liberates phenol but not phosphoric acid, from 
diphenyl phosphate by acting on only one of the two ester linkages (Uzawa, J. Biochem. 
Japan, 1932, 15, 19). It has no action on phosphomonoesters. 


e) Ho. 2 
HO-P-O-sugar—guanine eo 
\ 
QO. a 
HO-}-O-sugar-cytosine O:P-O—C,H,O0,—adenine 
0 HO” A 
HO-P-O-sugar-thymine O:P-O—C,H,0,-cytosine 
of HO” 
HO-P-O-sugar—adenine O:P-O-C,;H,O,-guanine 
O HO’ 
(XXI.) (X XII.) 


OH 
adenine—pentose—O: P-O-—pentose—uracil 
O 


0) : 
HO-P:0 O:P-OH 
O O 


Q 
cytosine—pentose—O: P-O—pentose—guanine 
OH 


(X.XIIL.) 


According to Takahashi (tbid., 1932, 16, 463), phosphoric acid was not set free from 
yeast nucleic acid by phosphomonoesterase or by pyrophosphatase acting either separately 
or jointly in the presence of the diester-pyrophosphatase activator. These results, there- 
fore, apparently disposed of the formule of Feulgen and of Levene and Simms, since the 
non-specific phosphomonoesterase would liberate phosphoric acid from the singly-bound 
phosphate group of the latter, and the combined action of this enzyme and activated 
diester-pyrophosphatase would set free two phosphoric acid groups from the former. 
Takahashi also observed that all the phosphoric acid of yeast nucleic acid was liberated 
in the inorganic state after the prolonged joint action of phosphomonoesterase and 
phosphodiesterase, and he therefore concluded that all the phosphate groups are doubly 
esterified and that there are no mono-ester groups (XXIII), 

Makino (Z. physiol. Chem., 1935, 232, 299; 236, 201) supported Takahashi’s conclusion 
by estimating only four acidic groups in yeast nucleic acid when titrated to phenol- 
phthalein and by determining that four additional acidic groups are liberated by cold 
alkaline fission. In further support of a cyclic structure, electrometric titrations of yeast 
nucleic acid by Baker, Gulland, and Prideaux show the presence of four primary, but no 
secondary phosphoric acid groups. 

Klein and Rossi (tbid., 1935, 231, 104), on the other hand, attempted to repeat 
Takahashi’s experiments, but failed to effect the necessary separation of phosphomono, 
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esterase and phosphodiesterase of kidney, liver or intestine, and thus obtain the necessary 
diesterase-free monoesterase. They also found that a specimen of Tvimeresurus 
flavoviridis venom obtained from Japan contained both phosphomonoesterase and 
phosphodiesterase, whereas both Uzawa and Takahashi had used this venom as a source of 
monoesterase-iree diesterase. Klein and Rossi therefore concluded with somewhat little 
justification that Takahashi’s cyclic formula had no experimental basis. In this connection 
it may be remarked that the enzyme content of a snake venom may well vary with its age 
and the conditions under which it has been dried and stored. 

In the enzymic investigation of the mode of union of the nucleotides, the author decided 
to use bone phosphatases, rather than those of kidney, liver, bran, or taka-diastase as 
employed by others, partly because their action towards yeast nucleic acid had not 
previously been studied in detail and partly because their use would allow an approach to 
the conflicting results of Takahashi and of Klein and Rossi by a different path. 

Gulland and Jackson (Biochem. J., 1938, 32, 590) observed that, though sheep and 
guinea-pig bone phosphatase contained both phosphomonoesterase and phosphodiesterase 
when prepared according to Martland and Robison (Biochem. J., 1929, 23, 237), yet 
purification by charcoal absorption removed the diesterase completely and left the non- 
specific monoesterase, which readily dephosphorylated the nucleotides of yeast nucleic 
acid and had no action on phospho-diesters. Attempts to recover the diesterase were 
unsuccessful, but six out of twelve different snake venoms were found to contain diesterase 
but no non-specific monoesterase; these therefore hydrolysed phosphodiesters without 
the liberation of phosphoric acid and had no action on the nucleotides prepared from yeast 
nucleic acid. 

Neither the purified bone phosphomonoesterase nor copperhead venom, which 
contained diesterase but not non-specific monoesterase, liberated phosphoric acid from 
yeast nucleic acid. Dephosphorylation was readily effected, however, by various mixtures 
of monoesterases and diesterases (Gulland and Jackson, preceding paper). Taking into 
account these experiments, the results of Takahashi, and the titrations of Makino and of 
Baker, Gulland, and Prideaux, it may be regarded as firmly established that in yeast 
nucleic acid there are no singly-linked phosphoric acid groups, and that each is present as 
a diester or similar structure. The degree of hydrolysis accomplished by the mixtures of 
monoesterases and diesterases is discussed below. 

The allocation of positions to the doubly-linked phosphoryl radicals in yeast nucleic 
acid is still under discussion, and here it is necessary to introduce conclusions which have 
been drawn as regards the structure of thymonucleic acid. 

Levene and Tipson (J. Biol. Chem., 1935, 109, 623) and also Makino (Z. physiol. Chem., 
1935, 236, 201) suggest that in thymonucieic acid the positions occupied by the phosphoryl 
groups are C, and C; of adjacent deoxyribose radicals, whereas in yeast nucleic acid the 
positions are C, and C;. The diagrammatic expressions of the views of these authors are 
virtually the same, since the cyclic structures of Makino for thymonucleic (XXIV) and 
yeast nucleic (X XV) acids may be transformed into the open-chain formule of Levene by 
hydrolytic fission at the dotted lines. 

It is believed by these authors that these structures explain the undermentioned 
differences in the properties of the two nucleic acids. Yeast nucleic acid is labile towards 
dilute alkali, and when hydrolysed by dilute mineral acids yields the pyrimidine nucleotides, 
cytidylic and uridylic acids, having one phosphoryl radical only and that attached at C;, 
whereas thymonucleic acid is relatively stable towards alkali and under similar conditions of 
acid hydrolysis yields pyrimidine nucleotides with two phosphoryl radicals, which must of 
necessity be at C, and C,; (Levene and Jacobs, J. Biol. Chem., 1912, 12, 411; Levene, 
ibid., 1921, 48, 119; Thannhauser and Ottenstein, Z. physiol. Chem., 1921, 114, 39; 
Thannhauser and Blanco, ibid., 1926, 161, 116; Makino, idid., 1935, 286, 201; Bredereck 
and Caro, ibid., 1938, 253, 170). 

Levene and Tipson also point out that as the phosphoryl radical in 5-phosphoribose is 
more resistant to acid hydrolysis than that in 3-phosphoribose (Yamagawa, J. Biol. Chem., 
1920, 43, 339; Emden and Schmidt, Z. physiol. Chem., 1929, 181, 130; 1931, 197, 191; 
Levene and Jorpes, J. Biol. Chem., 1929, 81, 575; Steudel, Z. physiol. Chem., 1933, 216, 
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77), it may be assumed that the hydroxyl at C; is not substituted by the phosphoryl group 
in yeast nucleic acid, and that since substituents at C, are characterised by greater 
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instability than in the other positions, it is the phosphoric ester linkage at C, which under- 
goes hydrolysis by alkali. Thus the resulting nucleotides remain phosphorylated in the 
more stable position at C3. 

These formule may require modification in the light of recent experiments. Gulland 
and Jackson (Biochem. J., 1938, 32, 597) have shown that the venoms of certain snakes, for 
example, Russell’s viper and the water moccasin, contain a phosphodiesterase but no 
specific phosphomonoesterase. These venoms also contain 5-nucleotidase, a highly 
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specific enzyme which dephosphorylates adenosine(inosine)-5-phosphate (XXVI), but has 
no action whatsoever on fifteen other phosphomonoesters, amongst which are esters with 
primary and secondary alcoholic groups and also the nucleotides prepared by alkaline 
fission of yeast nucleic acid (phosphoryl group at C;). 

These venoms liberate 35% only of the total phosphorus of yeast nucleic acid as 
inorganic phosphate. This suggests that at least two, or more, phosphoryl groups may be 
attached at C; of the ribose molecules, the unexpected (between 25 and 50%) degree of 
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hydrolysis being the result of simultaneous competitive diesterase action at A and B 
(XXVII) on two or more phosphoryl groups; hydrolysis at A would not be followed 
by liberation of phosphate (linked at C, or C;) whereas that at B would allow 
dephosphorylation by 5-nucleotidase. 
|? | 
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The incorporation of these facts in the construction of possible formule for yeast 
nucleic acid is not yet feasible, largely owing to present lack of knowledge of the behaviour 
of 5-nucleotidase towards the 5-phosphoric esters of guanosine, cytidine, and uridine 
(analogous to XXVI). It is hoped that this knowledge will soon be available, and in the 
meantime certain implications may be considered. 

Although it is suggested that two or more nucleotides may be united in the yeast 
nucleic acid molecule by 5-phospho-linkages, no 5-phospho-nucleotide has ever been isolated 
after hydrolysis. Thus the four nucleotides of alkaline fission, and also the pyrimidine 
nucleotides from acid hydrolysis (Levene and Jacobs, Ber., 1911, 44, 1027), are all 3- 
phospho-derivatives. This is not the result of inferior stability of the 5-phospho-linkage, 
because this bond has long been known to be more stable to acid than the 3-phospho- 
linkage, as has already been mentioned, and because Gulland and Jackson (this vol., 
p. 1492) have shown that both adenosine-3- and -5-phosphate are remarkably stable to 
alkaline dephosphorylation. 

It must be inferred, therefore, that a transference or migration of a phosphoryl radical 
may occur during hydrolysis of yeast nucleic acid, and the two alternative possibilities are 
discussed below. First, if the doubly-phosphorylated pentose radicals are substituted 
at C, and C;, as suggested by Levene and by Makino, then enzymic transference to C; of 
one of these phosphate groups must precede dephosphorylation by 5-nucleotidase. Such 
a change would be analogous to the enzymic conversion of 3-phosphoglyceric acid into 
pyruvic acid by way of 2-phosphoglyceric acid (Lohmann and Meyerhof, Biochem. Z., 
1934, 273, 60; Meyerhof and Kiessling, ibid., 1935, 276, 239; 280, 99), but it would probably 
have to take place before the hydrolysis by the accompanying diesterase of snake venom, 
since enzymic transfer does not occur in the case of the 3-phosphonucleosides obtained 
from yeast nucleic acid. 

In the second alternative, where the pentose is phosphorylated at C,, migration of the 
phosphate group must take place, and this migration must be to C;, not to C,, for stereo- 
chemical reasons; it may be shown by means of models of the Haworth type that an 
unstrained cyclic di-ester could exist as an intermediate stage. This implies that in such 
doubly phosphorylated nucleosides the second phosphate group must be at C,, and that 
simultaneous substitution at C, and C, is not possible. This migration must take place in 
alkaline solution, because the nucleotides obtained from yeast nucleic acid by alkaline 
hydrolysis are phosphorylated at C;. It must also occur in acid hydrolysis, because 50% 
of the phosphorus of yeast nucleic acid is acid-labile, whereas both the pyrimidine 
nucleotides and 5-phosphorylated purine nucleosides (adenosine-5-phosphate) are 
relatively slowly dephosphorylated by hot acids, although the 3-phosphorylated purine 
nucleosides are readily hydrolysed. An excellent analogy for such migrations is to be 
found in the transformations of «-glyceryl methyl phosphate (XXVIII) to §-glycero- 


CH,-OH CH,-OH 
/OH 
H-OH —> H-O-P:0 
(X XVIII.) OCH; \OH 
H,-0P:0 H,-OH 
\OH 


phosphate by means of alkali and of 6-glyceryl methyl phosphate to «-glycerophosphate by 
means of alkali or of acid (Bailly and Gaumé, Compt. rend., 1934, 198, 1932, 2258; 199, 
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793; Bull. Soc. chim., 1935, 2, 354); these changes apparently occur only when the 
diesters are hydrolysed and not with «-.or 8-glycerophosphate. 

A similar migration is recorded by Macfarlane and Robison (Enzymologia, 1937, 4, 
125), in which the phospho-group of 6-phosphofructo-furanose is transferred to another 
carbon atom under the influence of hydrochloric acid, and in the xylose series Levene and 
Raymond (J. Biol. Chem., 1933, 102, 347; 1934, 107, 75) observed that phosphorylation 
of 5-acetyl-, 5-benzoyl-, or 5-carbobenzyloxy-monoisopropylidene xylose led ultimately 
to the production of xylose-5-phosphate instead of the expected xylose-3-phosphate, 
presumably as the result of a migration of the phosphoryl group at some stage of the 
reactions. 

Continuing their study of the action of enzymes on yeast nucleic acid, Gulland 
and Jackson (loc. cit.) found that the following mixtures of monoesterases and 
diesterases effected the liberation of 75%, but not more, of the total phosphorus as 
inorganic phosphate, and that this constancy is a true figure and not merely the result of 
experimental conditions: (a) diesterase and non-specific monoesterase of crude bone 
phosphatase ; (b) diesterase of copperhead venom and the purified non-specific monoesterase 
of bone; (c) the diesterase and 5-nucleotidase of Russell’s viper or water moccasin venoms 
and the purified non-specific monoesterase of bone; the monoesterase and diesterase 
of the venoms of Naja naja or Wagler’s pit viper; Russell’s viper venom and kidney 
phosphatase (Albers and Albers, Z. physiol. Chem., 1935, 232, 165, 171). This cessation 
of dephosphorylation at 75% has not received attention by other investigators, although 
it has previously been recorded without special comment in enzymic hydrolyses of yeast 
nucleic acid (see, ¢.g., Bielschowsky, Z. physiol. Chem., 1933, 190, 15; Schmidt, Enzymologia, 
1936, 1, 135). It suggests either that one phosphoryl group is linked differently from the 
other three, which need not be identical amongst themselves, or that all four are similarly 
constituted and that the specificity of the enzymes does not allow fission of one of them. 

One obvious possibility for the structure of this enzyme-stable group is the mixed 
phospho-amide-ester of guanine uridylic acid (XXIX) which was isolated by Bredereck 
and Richter (Ber., 1936, 69, 1129) from the products of the aqueous hydrolysis of yeast 
nucleic acid. This question is under examination and will form the subject of a future 
publication. The isolation of this substance reveals fresh problems in the chemistry of 
nucleic acids, since other phosphoryl groups may be similarly constituted, as these authors 
point out. 

NH—CO NH—CO 
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Synthesis of Nucleic Acid Derivatives. 


(i) Nucleotides by Phosphorylation of Nucleosides.—Fischer (Ber., 1914, 47, 3193) 
phosphorylated theophylline glucoside with phosphorus oxychloride, the phospho- 
group being assigned without proof to the terminal primary alcoholic group. Subsequently, 
Levene and Tipson blocked the hydroxyls at C, and C, of uridine and inosine with the 
isopropylidene group and prepared uridine-5-phosphate (J. Biol. Chem., 1934, 106, 113) 
and inosine-5-phosphate (ibid., 1935, 111, 313), identical with muscle inosinic acid from 
natural sources. 

Jachimowicz (Biochem. Z., 1937, 292, 356) obtained adenosine-5-phosphate, identical 
with muscle adenylic acid (XX VI), by phosphorylation of adenosine without protection 
of the hydroxyl groups.* 

Finally, by adding adenosine to living yeast, Ostern and Terszakoweé (Z. physiol. Chem., 


* Levene and Tipson (J. Biol. Chem., 1937, 121, 131), however, found that phosphorylation of 2: 3- 
isopropylidene and -diacetyl adenosines may have produced N- and O-phospho-derivatives with acid- 
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1937, 250, 155) have effected its enzymic phosphorylation to adenosine-5-phosphate through 
the stage of adenosine triphosphate. 

Up to the present, a 2- or 3-phospho-nucleoside has not been synthesised. 

(ii) Nucleosides.—Fischer and Helferich (Ber., 1914, 47, 210) first synthesised nucleosides 
and obtained theophylline-d-glucoside and theobromine-d-glucoside from the interaction 
of the silver derivatives of the purines and acetobromoglucose. Since then, their method 
has been widely adopted both in the purine and im the pyrimidine series; theophylline 
rhamnoside (Fischer and Fodor, ibid., p. 1058), d-chlactoside and /-arabinoside (Helferich 
and Kiihlewein, Ber., 1920, 58, 17), d-isorhamnoside (Fischer, Helferich, and Ostmann, 
Ber., 1920, 58, 873), d-xyloside and d-riboside (Levene and Sobotka, J. Biol. Chem., 1925, 
65, 463), d-arabinoside (Pryde and Williams, J., 1933, 640), d-glucodesoside (Levene and 
Cortese, J. Biol. Chem., 1931, 92, 53), 5-methyl-/-rhamnofuranoside (Levene and Compton, 
ibid., 1936, 114, 9), and d-allomethyloside (idem, ibid., 1937, 117, 37); 2-thiouracil-di- 
(tetra-acetylglucoside) and 2-ethylthiouracil-tetra-acetylglucoside (Fischer, Ber., 1914, 47, 
1377); xylosides of 2-ethylthiouracil, 1-methyluracil, and 5-nitrouracil (Levene and 
Sobotka, J. Biol. Chem., 1925, 65, 469). 

The pyrimidine nucleosides thus obtained, however, are not analogous in constitution 
with the natural pyrimidine nucleosides because the ready fission of their glycosidic linkage 
by hydrolysis, in contrast to its stability in the natural compounds, indicates that the sugar 
is not attached to either of the nitrogen atoms. 

Hilbert and Johnson (J. Amer. Chem. Soc., 1930, 52, 4489), on the other hand, obtained 
3-glucosido-uracil by the interaction of 2: 6-dimethoxypyrimidine (XXX) with aceto- 
bromoglucose followed by deacetylation and demethylation with alcoholic hydrogen 
chloride, and Hilbert and Rist (J. Biol. Chem., 1937, 117, 371) and Hilbert (J. Amer. Chem. 
Soc., 1937, 59, 330) extended the method to the preparation of various glycosido-uracils 
(XXXI). These substances resemble uridine in their behaviour towards hydrolytic agents. 


N=—C-OMe N——C-OMe NH—CO 
MeO-C CH _—> te H is CH 


samaia.” acetoglycose-N——-CH glycose-N——-CH 
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Theophylline glycosides prepared by the action of theophylline silver and acetobromo- 

sugars are also not analogous with the natural nucleosides, since Gulland, Holiday, and 
Macrae (J., 1934, 1639) showed that these synthetic compounds are 7-substituted 
derivatives, by comparing the ultra-violet absorption spectra of theophylline glucoside and 
arabinoside (XXXII) with those of caffeine (XX XIII) and isocaffeine (XXXIV); the 
natural purine Sagat are all eae derivatives. 
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Recently, however, a route to the synthesis of the natural purine nucleosides has been 
found. Trichloropurine-tetra-aceto-d-glucoside, prepared from trichloropurine silver 
and acetobromoglucose, was converted by Fischer and Helferich (Ber., 1914, 47, 210) into 
the glucosides of adenine, hypoxanthine, and guanine, and Gulland and Story (this vol., 
p. 259) have shown by the ultra-violet absorption spectra method that this adenine glucoside 
is a 9-substituted adenine. It should therefore be possible to synthesise the natural purine 
nucleosides by the use of the appropriate acetobromoribose and acetobromodeoxyribose 
and trichloropurine silver. 


I wish to acknowledge my indebtedness to Miss E. M. Jackson, B.Sc., with whom I have 
discussed many points in this paper. 
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OBITUARY NOTICES. 


LAUNCELOT WINCHESTER ANDREWS. 
1856—1938. 


LAUNCELOT WINCHESTER ANDREWS was born in London, Ontario, Canada, on June 13th, 
1856, and died at Belmont, Massachusetts, on April 14th, 1938, at the age of 81. After 
elementary and high school training at Springfield and Northampton, Massachusetts, he 
went in 1872 to Cornell University at Ithaca, New York; then to Yale University, New 
Haven, Connecticut, where he was awarded the Ph.B. degree in 1875. In the summer of 
1876 he studied at Harvard University, Cambridge, Massachusetts. He was teacher of 
chemistry, physics, and mathematics in the High School of Springfield, Massachusetts, 
1876—77. In 1878, he matriculated at the Georgia-Augusta University in Géttingen, 
Germany, and in 1880 he went to the University of Bonn, where he continued his studies 
and finished the thesis which he had begun in Géttingen. On February 21st, 1882, he took 
the oral examination before the philosophical faculty of the University of Géttingen, from 
which he received the Ph.D. degree. 

Andrews was professor of chemistry at Iowa State College, Ames, Iowa, from 1884—85, 
and professor of chemistry at the State University of Iowa, Iowa City, Iowa, from 1885— 
1904. Then, until 1910, he was research and consulting chemist for the Mallinckrodt 
Chemical Works, St. Louis, Missouri. During 1910—13, he was president of the Andrews 
Chemical Works, Davenport, Iowa. From 1913—14 he served as special investigator in 
canning for the United States Department of Agriculture, and from 1915—21 was research 
chemist: for the Victor Chemical Works. He retired in 1921 and lived at Williamstown, 
Massachusetts, until a few years ago. He then went first to Amherst, Massachusetts, and 
then to Belmont, Massachusetts, where he was living at the time of his death. 

Andrews became a member of the Chemical Society in 1882.. He was also a member of 
the American Chemical Society, the American Institute of Chemical Engineers, honorary 
member of the Contemporary Club (Davenport, Iowa), member of Davenport Academy of 
Science, American Academy of Political and Social Science, Iowa Engineering Society, 
St. Louis Academy, American Association for the Advancement of Science, and an ex- 
president of the Iowa Academy of Science. He was a charter member of the lowa Chapter 
of the honorary scientific society, Sigma Xi, and an honorary member of the honor chemical 
fraternity, Phi Lambda Upsilon. 

He published numerous articles and obtained many patents. His writings were in 
various fields of chemistry—analytical, physical, and organic. The Andrews Chemical 
Works at Davenport, Iowa, were established to manufacture oxalic acid by a method 
covered by his patents. The time was unfortunate, for during the years 1910—13 he could 
not stand foreign competition. If it had been a little later during the world war, 1914—-18, 
when the price of oxalic acid was very high, his work would have been most remunerative. 

According to one of Andrews’s assistants, ‘‘ his assistants were in constant awe of him, 
partly on account of his abrupt, concise manner of speech, and partly owing to his re- 
markable breadth of knowledge and the finality with which he expressed it. His assistants 
were intensely loyal, and the influence and impression exerted upon them was such that they 
unconsciously imitated his manner of speech and striding walk, a rare unconscious tribute, 
indeed, to a leader they loved. Dr. Andrews was a man of energy, action, a remarkable 
personality, and a genial host to his chosen friends.” 

According to a student at the University, who was later a colleague of Andrews at the 
State University of Iowa, “‘ he was an outstanding personality among the faculty. He 
was a leader of the science group, but was a man of wide knowledge on general subjects. 
He took great interest in building up the university in an academic and in a social way. 
He had broad and liberal views on educational subjects.” 

EDWARD Bartow. 








Obituary Notices. 


FRANK BAINBRIDGE. 
1891—1938. 


FRANK BAINBRIDGE was born in Middlesbrough in 1891, the younger son of George 
Bainbridge, Town Clerk of Middlesbrough for many years. He was educated at the High 
School, Middlesbrough, and then entered the laboratories of Messrs. Pattinson and Stead, 
the well-known analytical and consulting chemists, in 1906. There he received his 
metallurgical training under Dr. J. E. Stead, F.R.S., who had a great reputation as a 
metallurgist and metallographer. From him, young Bainbridge drew his inspiration for 
research. : 

On completing his training in 1911 Bainbridge entered the service of the Skinningrove 
Iron Co. Ltd. as chemist, and remained with the Company up to his sudden death in April, 
1938. Shortly before Bainbridge was appointed chemist, the Skinningrove Iron Co. Ltd. 
had erected steelworks, and Bainbridge developed a knowledge of the metallurgy of steel 
and the chemical control of all operations in blast furnaces, coke ovens, open-hearth furnaces 
and rolling mills. 

During the War Bainbridge undertook important research work, on the Company’s 
plant, on hot blast stove efficiency with cleaned blast furnace gas, and on the recovery of 
potash from blast furnace dust. After the War the Company adopted a progressive policy 
in the operation of blast furnace and coke oven gas for the manufacture of steel, their plant 
being the first to make steel with a mixture of these gases only, and to heat their soaking 
pits with blast furnace gas. Bainbridge did much to perfect these methods. Under a 
grant from the Carnegie Research Fund of the Iron and Steel Institute, Bainbridge 
conducted the research and ultimately, in 1920, published a paper on “ The Effect of 
Fluorspar Additions on the Phosphates in Basic Slag.’’ For this paper he was awarded the 
Carnegie Medal of the Institute in 1927. 

At the May Meeting of the Institute in 1930 he read a paper on the “‘ Development of 
Fuel Economy at Skinningrove ;”’ for this paper he was awarded the Williams Prize in 1931. 

In 1936 he was appointed Works Manager at Skinningrove, a position which he filled 
with great ability. By his tragically sudden death the Skinningrove Company lost a 
valued servant, and the Cleveland District one of its most promising technical experts in 
the iron and steel trade. 

Throughout his active business life Bainbridge was greatly interested in the work of 
various Technical Institutes. He joined the Cleveland Institution of Engineers in 1915, 
was appointed a member of the Council of that Institution in 1923, and was President in 
the years 1935 and 1936. Further, he was appointed to the Council of the Cleveland 
Technical Institute in 1936. He was elected a Fellow of the Chemical Society on December 
5th, 1918. 

Apart from his undoubted technical knowledge and ability he was gifted with a 


charming personality which endeared him to all who came in contact with him. 
A. HUTCHINSON. 





GLYN OWEN. 
1901—1937. 


GLYN OWEN, the only son of Mr. and Mrs. William Owen of Minffordd, Merionethshire, was 
born in Liverpool in 1901, but it would be true to say that by his parentage, upbringing 
and education he was in every sense a son of Wales. He received his early education at 
the County Schools of Towyn and Ffestiniog and entered the University College of North 
Wales, Bangor, in 1917. In 1921 he obtained the degree of Bachelor of Science with first 
class honours in chemistry. He subsequently carried out research work under the late 
Professor Orton and in 1923 was awarded the degree of Master of Science. During his 
career at Bangor he held numerous exhibitions and scholarships, including the Isaac 
Roberts Scholarship and a University Postgraduate Studentship. In 1924 he was awarded 
a Fellowship of the University of Wales and proceeded to Gonville and Caius College, 
Cambridge, where he worked for three years under the late Professor Lowry. In 1927 he 
was appointed Assistant Lecturer in Chemistry in the University of Manchester, which 
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position he held for four years, the maximum tenure allowed him by the University regu- 
lations governing such appointments. In 1931 he was awarded a grant from the Sir 
Clement Royds Scholarship Fund, which enabled him to remain at Manchester University 
for a further year in order to continue the researches referred to later in this notice. In 
1932 he was appointed on the staff of the Dyestuffs Group of Imperial Chemical Industries 
Limited, and from 1932 to 1934 acted as private research assistant to Professor Rowe at 
the Department of Colour Chemistry and Dyeing at the University of Leeds. In 1934 he 
returned to Manchester to work in the Dyehouse at the Blackley works of Imperial Chemi- 
cal Industries Limited, where he remained until his death on July 21st, 1937, at the early 
age of thirty-six. 

While at Bangor, Owen worked mainly on the freezing point curves of binary mixtures 
of anilides (J., 1923, 123, 3392; 1924, 125, 766). At Cambridge he carried out some in- 
vestigations on mutarotation in the sugars, dealing in particular with the promotion and 
arrest of the mutarotation of tetra-acetyl glucose in ethyl acetate (Proc. Roy. Soc., 1928, 
A, 119, 505). He also carried out an extensive investigation on the absorption spectra 
of halogen and sulphonic derivatives of camphor (J., 1926, 606). In Manchester, at the 
suggestion of Professor Lapworth and with the assistance of a number of research students, 
he worked on the equilibrium and velocity constants for cyanohydrin formation from a 
wide range of aldehydes and ketones. This work, which included studies of the effect of 
variations in the solvent and catalyst, finally led to a comprehensive series of measure- 
ments of velocity constants parallel with the series of equilibrium constants previously 
determined and discussed by Lapworth and Manske (J., 1928, 2533; 1930, 1976), which 
Owen also augmented. One of the most interesting and definite conclusions which arose 
out of this work was the fact that the velocity of formation of cyanohydrins from sub- 
stituted benzaldehydes, like their stability as shown in the equilibrium constants, is 
highest when the substituent (OH, OMe, NMeg, Cl) is in the o-position. This conclusion 
must be one of importance in relation to the application of any theory of steric or “‘ prox- 
imity ”’ effects to kinetic problems. A complete account of this unpublished work re- 
mained in Owen’s possession, but information about certain sections of it is to be found 
in theses presented to the University of Manchester for the degree of Master of Science by 
E. V. Casey (1930), G. A. Harding (1931), and R. J. B. Marsden (1932). In association 
with Professor Rowe at Leeds Owen worked on the reduction and dispersion of azoic dyes 
and similar substances in presence of lissolamine A (J. Dyers and Col., 1936, 52, 205), for 
which he was awarded a Diploma of the Worshipful Company of Dyers. He also investi- 
gated the constitution of some insoluble azo-colouring matters and the action of formal- 
dehyde in imparting increased stability to arylamides of 2-hydroxy-3-naphthoic acid on 
the fibre. Among his other publications may be mentioned “‘ Calculation of Dispersion 
Equations” (Trans. Faraday Soc., 1930, 26, 371), “‘ The Effect of Concentration on Values 
of Dispersion and Rotation Constants for Solutions of Camphor in Ethyl Alcohol ”’ (bid., 
p. 423), and “‘ Additive Compounds of Phenylnitroamines and Anilines”” (Mem. Man- 
chester Phil. Soc., 1931—1932, 76, 11). 

Possessing a very comprehensive knowledge of chemistry, Owen was particularly in- 
terested in the application of physical methods to the elucidation of problems in organic 
chemistry. He never guided his interests into the narrow channels of the specialist, but 
was rather at pains to keep within his grasp as wide a field as possible and his scientific 
interests included many aspects of pure mathematics, physics, and geology. His lectures 
in physical chemistry were the result of wide reading and careful preparation, and as a 
demonstrator in the laboratory he showed great enthusiasm and almost infinite patience, 
never sparing himself in his attempts to make the work clear to even the most backward 
students. He was a very neat and able practical worker, both in laboratory and in work- 
shop, and his work was always characterised by meticulous care, accurate measurement, 
and precise observation. His output of research work was far greater than a list of his 
publications would indicate. This was in part due to a form of modesty characteristic of 
him, since his interest was first and last in the investigation in hand : he tended to regard 
the publication of his results as an irksome task for which he had no liking. It was also 
due to the very high standards at which he aimed : he would never consider the question 
of publication until he himself was perfectly satisfied that from every aspect the work was 
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accurately executed to the smallest detail and the theoretical discussion carefully con- 
sidered from every possible angle. 

Owen had many interests beyond the realms of science. He showed a natural inclin- 
ation towards the arts and humanities: he was a wide and critical reader and a great 
admirer of Samuel Butler. As a water colour artist he possessed considerable ability, 
and his interest in music and drama was very real. He possessed a great love of the 
countryside and of everything belonging to it, and hated the ugly northern industrial 
centres in which he was destined to spend the later years of his life. Although he did not 
enjoy vigorous health, hé took a keen interest in mountaineering and knew intimately 
most of the climbs in Snowdonia. As a fervid Welshman, he was keenly interested in his 
beloved native land, its language and literature, its history, its music and its folklore. 
He made a special study of the old native crafts of Wales and their influence on the general 
culture of the democracy in bygone times, and, as a member of the Manchester Welsh 
Round Table Society, he contributed many valuable and illuminating papers and studies 
on these subjects. His political sympathy was with the aspirations of the Welsh Nation- 
alist Party, which he sincerely believed is the only party to-day which seriously endeavours 
to grapple with the problems confronting modern Wales. His nationalism, founded on 
sincere conviction and supported by a well-balanced judgement and a liberal outlook, 
knew neither aggression nor fanaticism. 

In England Owen was often conscious of being a foreigner in a friendly if sometimes 
unsympathetic land, and though he may have been misunderstood by some, his sincerity 
and ability were never doubted. Few of his friends and acquaintances were ever able to 
know, much less appreciate, the all-absorbing hiraeth which bound him to Wales and its 
people, for the word hiraeth defies translation into the English tongue. To those who were 
privileged to know and to understand something of this side of his personality his sudden 
and tragic death leaves a gap which cannot be filled. His many colleagues and associates 
have lost a friend whose life was imbued with unselfishness, unswerving devotion to-duty, 
and the highest integrity of character. ‘‘ Home, school and chapel, books, music and 
mountains: he had taken his fill of all they had to offer. . . . holding on to his own 
language and growing in it as his emotional horizon extended with the years, adding to 
it another language in which to think and carry out the business of the day, but remaining 
always, in his privacy, a son of Wales and its dark mountains ’’—these words, quoted 
from Wyn Griffith’s “‘ Spring of Youth,” might have been written of Owen himself. 

He had been married to Elinor Owen scarcely a year when she was left to mourn his 
loss with an infant son, born a few weeks after his father’s death. D. H. HEy. 





ARTHUR GEORGE PERKIN. 
1861—1938. 


ARTHUR GEORGE PERKIN was born at Sudbury, Middlesex, on December 13th, 1861. He 
was the second son of the late Sir William Henry Perkin, F.R.S., who discovered mauveine 
and thereby founded the coal-tar colour industry in this country. His elder brother was 
the late William Henry Perkin, jun., F.R.S., Waynflete Professor of Chemistry in the 
University of Oxford, and the late Dr. Frederick Mollwo Perkin, C.B.E., who was well 
known as a consulting chemist, was his half-brother. 

A. G. Perkin’s mother died of consumption shortly after his birth, and he was such a 
delicate child that he was not expected to live. At about the time of Sir William’s second 
marriage to Miss A. C. Mollwo, Perkin, at the age of six, was sent to a boarding school at 
Margate and henceforth spent little time at home at Sudbury except during his holdiays. 
At about the age of ten, he entered the City of London School, where his brother William 
had already been a pupil for one year, this school having been selected for the boys, not 
merely because it was Sir William’s old school, but also because it was the only one that he 
could find where science was taught at that period. The boys were fortunate to have as 
their science master there Henry Durham, who was an able and attractive teacher. It 
is said that one of the other masters, however, refused to have both Perkins in his class, so 
Arthur as junior had to give place to William and was transferred to another class. 
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During their holidays, the boys carried out crystallisations and similar work given to 
them to do by Sir William in a small hut which he had had fitted up as a laboratory for 
their use at the bottom of the garden at Sudbury. William used a bench beneath a window 
at one end and Arthur used a bench beneath a window at the other end. 

Consequently, it is no more surprising that chemical research should have become the 
prime object of the working lives of both boys, than that music should have become the 
principal recreation. of their leisure, for the Perkins were always an extremely musical 
family. Thus, during these holiday periods, nine members of the family constituted a 
small orchestra, in which William played second violin and Arthur the flute. The family 
concerts usually took place on Saturdays at the house of the late Thomas D. Perkin, 
Sir William’s brother and partner, and more formal concerts were also given occasionally. 

In October, 1877, William entered the Royal College of Chemistry at South Kensington, 
and one year later Arthur followed him there to study under Frankland and Guthrie. 
Arthur worked at a bench next to that of Leo Stern, who later became a well-known player 
on the violoncello, so William, Arthur, and Stern soon formed a trio to play on Saturdays, 
and the two Perkins were also leaders in gathering together an orchestra largely consisting 
of students. 

It was at the Royal College of Chemistry that Arthur carried out the investigation that 
led to his first paper, ‘‘ The Action of Nitric Acid on Di-f-tolylguanidine,’’ communicated 
to the Chemical Society in 1880. 

Up to this stage, the education of the two brothers had proceeded on similar lines, but 
their paths then diverged, for William at last received his father’s permission to go to a 
German University and he went to Wiirzburg in October, 1880, whereas Arthur went for 
one year to Anderson’s College, Glasgow, under E, J. Mills. 

In 1881 A. G. Perkin heard that the Worshipful Company of Clothworkers had insti- 
tuted a scholarship for one year tenable in the Dyeing Department of the Yorkshire College, 
Leeds, and applied for it, the only other applicant being Charles Bedford of Leeds. They 
became fellow students and friends, but the scholarship was awarded to Perkin, who was 
thus the first of many Clothworkers’ Scholars in the Department of which he eventually 
became the Head. He worked with the then Head of the Dyeing Department, J. J. Hum- 
mel, on some new compounds derived from the colouring matters of brazilwood and log- 
wood. Throughout his life Perkin lost no opportunity of paying a generous tribute to the 
ability and personality of Prof. Hummel, to whom he owed his first introduction to, and 
enduring enthusiasm for, the study of the chemistry of natural colouring matters. 

When his scholarship expired, Perkin left the Yorkshire College to take up an appoint- 
ment as chemist at the alizarin factory of Hardman and Holden, Ltd., Manchester. 

In 1887 he married Annie, a daughter of James E. Bedford of Leeds and sister of Charles 
Bedford. As a bachelor he lived at Cheetham Hill, but after his marriage he lived at 
Eccles. 

Perkin was promoted to the position of manager by Hardman and Holden, Ltd., in 
1888 and continued in that capacity until 1892. During this period of ten years which he 
spent in industry, Perkin made time to carry out a number of scientific investigations and 
published papers on the action of nitric acid on anthracene, and, jointly with his brother 
William, on derivatives of anthraquinone, and on the Indian natural dyestuff, kamala. 

In 1892 Perkin resigned his position with Hardman and Holden, Ltd., in order to join the 
staff of the Dyeing Department, Yorkshire College, as lecturer and research chemist. This 
position suited his tastes and temperament admirably, because, although he gave a course 
of lectures on the chemistry of natural colouring matters for one hour per week in the 
first and second terms of each session and also gave general supervision to the small number 
of senior students who did their practical work in the Clothworkers’ Research Laboratory, 
he was able to devote all the rest of his time to his own investigations at a bench in this 
laboratory for the next twenty-two years. Nevertheless, there were not sufficient hours in 
a normal working day for him, so for a number of years at the outset he returned to the 
laboratory in the evenings, being then accompanied by his wife, who assisted him with his 
apparatus and with some of his experiments, and there they would usually remain until 
about 10 p.m. During this period of intensive research, with few exceptions, Perkin 
confined himself to the isolation of the colouring matters of a large number of natural 
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products and the investigation of their constitutions, largely by degradative methods and 
by studying their dyeing properties. Synthetic work did not greatly appeal to him and 
he was content to leave to others the confirmation of his deductions. For example, the 
constitutions proposed by Perkin for apigenin, catechin, gossypetin, luteolin, morin, 
myricetin, and quercetagetin have since been confirmed synthetically by other workers. 

The profound knowledge of natural colouring matters that Perkin gained by his bril- 
liant researches established his international reputation in this field and brought many 
chemists from abroad, particularly from the East, to work at Leeds on natural products 
under his guidance 

In 1905 the India Office, on behalf of the Government of India, selected the Cloth- 
workers’ Research Laboratory as the most suitable place for the continuation of the 
research work on natural indigo that had been carried out by W. P. Bloxam and two 
colleagues on behalf of the Government of Bengal at the Dalsingh Serai Research Station 
from 1902 to 1904. Bloxam, assisted by four other chemists, worked on this subject at 
Leeds from 1905 to 1907 under the general supervision of Perkin. In his Report to the 
Government of India published in 1908, Bloxam made it very clear that Perkin by no means 
confined himself to the official limits of general supervision, but that he also,devoted much 
of his time to experimental work on this subject. Thus, his examination of the consti- 
tuents of natural indigo and their isolation led to a method for the estimation of the 
glucoside indican either in the crystalline condition or in aqueous infusions of the leaf, 
established that indirubin present in natural indigo arises from the condensation of indoxy] 
with isatin, the latter being produced by air oxidation of the former, and that indigo yellow 
is identical with kempferol. 

Between 1904 and 1918 the late E. R. Watson, while he was Professor of Chemistry, 
first at Sidpur Engineering College and then at Dacca College, usually worked in the 
Clothworker’s Research Laboratory for a large part of his leaves in England in order to 
have the benefit of contact with Perkin, with whom he had so many research interests in 
common, and they became great friends. 

During the War, Perkin carried out investigations for the Ministry of Munitions, and 
in 1916 he succeeded A. G. Green, F.R.S., as Professor of Colour Chemistry and Dyeing 
in the University of Leeds, at the same time also directing the work on intermediates and 
synthetic dyes carried out in his Department by the colony of research chemists of British 
Dyes, Ltd. It was this alteration in his position, with the consequent increase in his 
administrative and teaching duties, that gradually compelled Perkin to relinquish his work 
on natural colouring matters and to turn his attention again to the chemistry of anthra- 
quinone derivatives, for which the starting materials were more readily accessible. Thus, 
a study of the migration of the acyl group in partly acylated phenolic compounds led to the 
preparation of interesting derivatives, many of which had not previously been obtained 
synthetically. The products of the reduction of hydroxyanthraquinone compounds also 
formed the subject of a notable series of papers published between 1922 and 1933. In 
the course of this work the constitutions of numerous hydroxyanthranols were established 
by conversion into corresponding benzanthrones and examination of the methylation 
products of the latter, whilst the formation of hydroxy-anthracenes, -dianthrones, 
-dianthraquinones, -dianthraquinonyls, and -helianthrones also was investigated and the 
constitutions of these compounds established. 

During his professorship, Perkin did much to enhance the reputation of his Department 
as a scientific training ground for recruits for the dyestuffs, dyeing, and allied industries. 
In the immediate post-War years there was a very considerable increase in the number of 
students who entered for courses in colour chemistry and dyeing, and there is no doubt 
that they were attracted at least as much by the opportunity of working under him as by 
the popular appeal of these subjects at that period. His students were uniformly success- 
ful in securing appointments and most of them now occupy important positions in industry. 

Perkin was elected a Fellow of the Chemical Society in 1884, a Fellow of the Institute 
of Chemistry in 1887, a Fellow of the Royal Society of Edinburgh in 1893, a Fellow of the 
Royal Society in 1903, and was awarded the Davy Medal of the Royal Society in 1924. 
Although he never took an active part in the affairs of scientific societies, he believed 
strongly in supporting them by membership: he was a vice-president of the Society of 
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Dyers and Colourists, and a member of the Biochemical Society, the Pharmaceutical 
Society, the Society of Chemical Industry, and the Textle Institute. He was also a Livery- 
man of the Worshipful Company of Leathersellers, of which his father was Master at one 
time, and thereby a Freeman of the City of London. 

On his retirement in 1926, Perkin was accorded the title of Emeritus Professor, and in 
1927 the University of Leeds conferred upon him the degree of D.Sc., honoris causa. An 
admirable portrait of him was painted by Richard Jack as a result of the subscriptions 
of Perkin’s many admirers and presented to the University of Leeds, where it graces the 
wall of the Great Hall. 

Perkin regarded his retirement merely as freedom from the burden of administrative 
and teaching work and the opportunity to concentrate once more on his experiments. 
From the autumn of 1926 he continued to prosecute his researches without any interrup- 
tion in the writer’s laboratory in the Colour Chemistry and Dyeing Department of the 
University of Leeds until his health began to fail in February of this year. He was then 
endeavouring to determine the constitution of a green vat dye which he had obtained 
some years previously by heating the hydroxylated anthranol, derived from alizarin, with 
tetrachlorothiophen and an alkylating agent (Brit. Pat. 353,422). In spite of the pre- 
paration of a very large number of individual specimens of this dye, however, Perkin was 
unable to interpret the analytical results obtained with them to his satisfaction, and this 
apparently insurmountable difficulty worried him greatly, as it was contrary to his whole 
nature to allow himself to be beaten by a mere compound. 

Perkin’s health continued to decline slowly for about three months, during which he 
welcomed visits from his colleagues and enjoyed entertaining them with his vivid recol- 
lections of chemists and their work, but he collapsed suddenly on May 26th and died at 
his residence, Grosvenor Lodge, Grosvenor Road, Leeds, on May 30th. 

Many representatives of the leading scientific societies, of the University of Leeds, of 
industry, and of his students paid respect to Perkin at the funeral service in St. Chad’s 
Church, after which the interment took place at Adel Church, Leeds. 

Perkin was an indefatigable worker and delighted in carrying out experiments with 
his own hands, it being only within recent years that he became resigned even to entrusting 
the necessary analyses of his new compounds to others; in earlier years he would not allow 
students near his melting point apparatus or his analytical apparatus, so much did he 
dread interference with their adjustment. His technique was well-nigh flawless and his 
skill in isolating the required substance from a complex mixture almost uncanny. He 
appeared to be immune to any vapours; the atmosphere of his laboratory, often charged 
with the vapours of acetic anhydride, nitrobenzene, and pyridine, to an extent sufficient 
to induce nausea in the other occupants, left him unaffected, indeed it is doubtful whether 
his concentration on his work permitted him to notice this accumulation of odours. This 
deep absorption in his experiments and close attention to every detail, together with his 
infinite patience with difficult reactions or with tedious processes of purification of initially 
resinous materials, from which he would eventually isolate ‘‘ beautiful crystals,” gained 
for him the admiration of his colleagues and students. He made a deep impression on all 
who were privileged to work with him; he was eminently easy to approach, ever ready to 
discuss difficulties, and to offer from his great experience suggestions for new lines of attack, 
once he was satisfied that the lack of success was not attributable to ‘‘ the personal equa- 
tion’’! He was a great chemist in his generation, who always sought to encourage, to 
stimulate to fresh effort, and to set by his example a standard of application that all who 
came in contact with him were inspired to emulate. In addition, although a man of deep 
convictions, he was a very gentle man with a most charming and lovable personality. 
His attitude towards young men was always so fatherly that for over forty years all 
students of the Colour Chemistry and Dyeing Department showed their. affection for him 
by referring to him amongst themselves solely as ‘“‘ Pa Perkin.” 

Perkin’s work is recorded in some 270 memoirs, of which 12 were published in the 
Journal of the Society of Chemical Industry, 4 in the Journal of the Society of Dyers and 
Colourists, and the rest in the Proceedings or Transactions of the Chemical Society; his work 
is permanently illustrated by a collection of research specimens in the Museum of the 
Colour Chemistry and Dyeing Department of the University of Leeds, adjacent to a 
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collection of his father’s research specimens. In addition, he was concerned in 7 patents 
arising from his work since 1916. He was also the author of many articles on natural colour- 
ing matters in Thorpe’s “‘ Dictionary of Applied Chemistry,’’ and, in collaboration with 
Dr. A. E. Everest, he published the classical monograph ‘‘ The Natural Organic Colouring 
Matters ”’ in 1918. 

Perkin was completely happy in his home during his fifty years of married life and he 
owed a great deal to his wife. Some forty years ago they built a house at Bradda in the 
Isle of Man and ever since then they spent almost all the vacations there. Perkin was 
very fond of the Isle of Man and was a governor of King William’s College. 

Perkin was deeply attached to animals and especially to his dogs and ponies, and his 
tortoise. He first kept King Charles spaniels, but for the last twenty years or so he kept 
only a succession of Japanese spaniels, each of which he named after Japanese Professors 
who had worked with him in the past and who greatly appreciated this token of remem- 
brance. He kept his ponies in the Isle of Man, and the surviving one is to remain there. 
He was very proud of the good health and steady growth of the tortoise, which he had 
had for the last twenty-five years and which usually accompanied him to the Isle of Man 
in the vacations. 

Although Perkin played golf and worked out exactly how it should be played, he had 
not the temperament to become a first class player. He remained a great lover of music 
throughout his whole life, and it was in music that he found his real recreation, devoting 
all his leisure to it. He was a very accomplished player on both the flute and the bassoon. 
Seldom a day passed, until a few weeks before his last illness, when he did not play one or 
other of these instruments for an hour or two. He played first bassoon in many amateur 
orchestras in Yorkshire until hit retirement; subsequently he assisted the Leeds Uni- 
versity Students’ Orchestra, and his flute solos were a feature of the annual gatherings 
of past and present students of the Colour Chemistry and Dyeing Department until as 
recently as 1935. F. M. Rowe. 

ScIENTIFIC WoRK OF A. G. PERKIN. 

Inclusive of Notes in the Proceedings of the Society, Perkin published about 270 
original papers and more than 60 of his more substantial contributions are in his own 
name without collaborators. He worked best with his own hands and his sincere and 
simple nature is reflected in his writings. He possessed in full measure the family 
aptitude for experimental research and the singlehearted devotion to it which charac- 
terised his elder brother.* Nevertheless Arthur’s method and attitude were individual 
and by no means the same as William’s. He was a little the slower of the two and he 
did not aim quite so high, but he became the acknowledged master of his chosen field, 
which may roughly be defined as that of the natural colouring matters which have 
adjective dyeing properties. His chief contribution was doubtless the elucidation of the 
chemistry of the constituents of certain dye-woods and the development of the group of 
the flavones and flavonols. All his work was meticulous and accurate, most of his 
conclusions have been justified by later studies and his records have not been challenged. 

Early Investigations.—Whilst at the Royal College of Chemistry under Frankland 
and Guthrie, Perkin, at the age of 19, published his first paper ‘‘ The Action of Nitric 
Acid on Di--tolylguanidin ” (J., 1880, 37, 696). He prepared the dinitro-derivative and 
in the presence of alcohol found that the product was dinitro-f-tolylurea. The corres- 
ponding diamines were obtained on reduction. It is interesting to note that the two 
nitro-compounds were formulated as condensed ammonia types as follows : 


C,H,(NO,) 
x 


H 
C,H, (NO,) 
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* The writer first heard of A. G. P. from W. H. P. and the description given was ‘‘a dab hand”; 
this was but one of many indications of the mutual respect that subsisted between the brothers. On 
many occasions William assisted Arthur in such matters as the preparation of papers for publication 
and it is within the writer’s knowledge that Arthur’s advice was frequently sought by William and 


found to be most valuable. 
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At the Yorkshire College he worked with J. J. Hummel and a joint paper published as a 
contribution from the Dye-House is of great interest. Perkin and Hummel (J., 1882, 
41, 367) improved the preparation of hematein and brazilein and showed that, when 
these substances were heated with sulphuric acid, a reaction occurred which was 


represented in the following manner : 


H 

CigH,.0, + H,SO, = CygHasOe} ot 

haematein isohematein sulphate 
isoHematein sulphate (and the corresponding isobrazilein sulphate) was isolated as an 
orange crystalline powder by the addition of acetic acid to the solution. The sulphuric 
acid was found to be loosely combined and the substances were thought to be acid 
sulphuric ethers of a specially labile kind. We now know that the compounds in question 
are oxonium salts formed in accordance with the expressions : 
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Although Perkin and Hummel did not recognise the saline nature of the substances, 
they correctly stated that they were analogous to the acid compounds of the phthaleins 
which had been studied by Baeyer. 

In 1883 Perkin followed up his father’s work on xanthone, of which he prepared 
dinitro-, diamino-, and dibromo-derivatives (J., 1883, 43, 187). A by-product from the 
distillation of a mixture of salicylic acid and acetic anhydride was thought to be C,,H,0,; 
it yielded xanthonecarboxylic acid when treated with alcoholic potash. 

The first joint papers of the Perkin brothers deal with the products of the dry 
distillation of “‘ silver salt ’’ or sodium anthraquinone-2-sulphonate (J., 1885, 47, 679; 
1888, 53, 831). They obtained in this way a red compound, which was examined in 
some detail, but the fact that it contained sulphur was overlooked! The sequel to this 
curious and unique incident occurred 34 years later when A. G. Perkin disclosed that the 
substance is di-8-anthraquinony] sulphide. 

The action of nitric acid on anthracene under various conditions was the subject of 
some interesting work. In nitrobenzene solution the product was found to be nitroso- 
nitroanthrone (J., 1891, 59, 631), but in the presence of alcohol, nitroethoxydihydro- 
anthracene was produced. The behaviour of these substances towards reagents was 
investigated and in collaboration with J. E. Mackenzie (J., 1892, 61, 470) the formation 
of nitroalkyloxydihydroanthracenes was extended by the use of alcohols other than ethyl 
alcohol. With isobutyl alcohol the product was nitroanthrone and with ¢ert.-butyl 
alcohol, nitrosoanthrone was produced; otherwise the formation of nitroalkyloxydihydro- 
anthracenes was generalised. Other work of this period (partly at the Heriot Watt 
College) was concerned with derivatives of oxanilide, but the year 1893 may be taken as 
the starting point of Perkin’s main work on natural colouring principles. 

One of the first, if not the very first, problem selected was the nature of the con- 
stituents of the Indian dye, kamala, and preliminary work on this subject was published 
jointly with W. H. Perkin, jun. (Ber., 1886, 19, 3109). The more complete later papers 
(J., 1893, 63, 975; 1895, 67, 230) are by A. G. Perkin alone. Anderson had already 
isolated a crystalline colouring matter which he termed rottlerin and Perkin improved 
the method of extraction and obtained also the yellow homorottlerin, isorottlerin and a 
resin. To rottlerin, which gave crystalline acetyl and benzoyl derivatives and a number 
of crystalline metallic salts, Perkin assigned the formula C,;,H3,0,. On fusion with alkali, 
phloroglucinol and acetic and benzoic acids were obtained ; oxidation with hydrogen peroxide 
gave benzaldehyde and benzoic acid and treatment with nitric acid gave a variety of 
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products, including #-nitrobenzaldehyde and o- and #-nitrocinnamic acids. Perkin con- 
cluded that rottlerin contains a phloroglucinol nucleus and a cinnamic acid residue. The 
difficult problem has not yet been completely solved, although the formula proposed by 
Robertson is doubtless a close approach to the truth. Perkin found that when the 
salmon-red rottlerin is heated with 2% sodium carbonate solution, garnet-red prisms of 
rottlerone separate. As the dyeing of silk to a bright orange shade is carried out with 
kamala in an alkaline bath, Perkin and Hummel (1895) point out that the colour fixed 
on the fibre is probably rottlerone. 


Natural Colouring Matters of the Anthraquinone Group. 


Largely in collaboration with Hummel, the constituents of dyeing materials similar to 
madder were examined. For example, Chay root or Indian madder was found to contain 
ruberythric acid, alizarin, rubichloric acid and sucrose, but no purpurin or its carboxylic 
acid, or purpuroxanthincarboxylic acid. The non-tinctorial constituents were distinct 
from those occurring in madder; they included alizarin methyl ether (I), anthragallol 
dimethyl ether-A (II), anthragallol dimethyl ether-B (III), hystazarin methyl ether (IV) 
and 2-hydroxyanthraquinone (Perkin and Hummel, J., 1893, 63, 1160; 1895, 67, 817; 
A. G. Perkin, J., 1907, 91, 2066). + 


O ae O OMe O Not 


(I.) (III.) (IV.) 
Much later a study of the oe acetylation of hydroxyanthraquinones and the action 
of diazomethane on the acetyl derivatives, with or without migration of an acetyl group, 
led to the syntheses of these compounds. 

Oesch and Perkin (Proc., 1914, 30) treated monoacetylalizarin with diazomethane in 
nitrobenzene solution and after hydrolysis isolated the isomeric alizarin monomethyl 
ethers. They interpreted this result as due to the fact that the monoacetyl derivative 
was a mixture, but in view of the later work it is probable that this was not so and that 
migration occurred. The O-methylalizarin from Chay root is the l-methyl ether, because 
the 2-methyl ether is formed in the partial methylation of alizarin (and by analogy the 
hydroxyl ortho to carbonyl is protected) and also because it is very readily hydrolysed to 
alizarin, for example, by means of boiling aqueous baryta. In confirmation the alizarin 
1-methyl ether is readily methylated with formation of alizarin dimethyl] ether. 

The syntheses of the isomeric anthragallol dimethyl ethers were effected in an 
interesting manner (Perkin and Kubota, J., 1925, 127, 1889; Perkin and Storey, J., 
1928, 229; 1929, 1399). Anthragallol 2 : 3-diacetate (V) was found to be methylated in 
position 2 by means of diazomethane; at the same time the acetyl group migrates to 
position 1. Hydrolysis and partial acetylation affords (VI), which is methylated by diazo- 
methane with the formation of the acetyl derivative of anthragallol 1 : 2-dimethyl ether. 
Anthragallol 2 : 3-dimethyl ether can be obtained by direct methylation of anthragallol. 


O OH O OH 


: NOA 7 OM 
(V.) Ac OAc (VW) 


Perkin and Hummel (J., 1893, 63, 115) detected the presence of purpuroxanthin in 
Rubia cordifolia (Linn.) and found that the dyeing properties of Rubia Sikkimensis (Kurz) 
are due to its content of purpurin (ibid., p. 1157). They also examined various species 
of Morinda and showed that the methylanthracene previously derived by Thorpe and 
Smith by zinc dust distillation of morindon is 2-methylanthracene (J., 1894, 65, 851). 
Polygonum cuspidatum was found to be a source of a glucoside of emodin (Perkin, J., 
1895, 67, 1084). 
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The root bark of Ventilago madraspaiana (Gaertn.) was found to contain 8—10% of 
a resinous colouring matter, ventilagin, which is a derivative of 1-methylanthracene. Its 
composition was stated to be C,;H,,0, and the suggestion was made that it may be allied 
to alkannin (Perkin and Hummel, J., 1894, 65, 923). This root bark also afforded an 
emodin monomethy] ether and two isomeric anthranols which yield the emodin derivative 
on oxidation. 
Flavones and Flavonols. 


In 1864 Piccard isolated chrysin, C,,H,)0,, from poplar buds and showed that on 
hydrolysis with alcoholic potash it yielded phloroglucinol, acetophenone, acetic and 
benzoic acids. These facts were confirmed in 1893 by v. Kostanecki, but the pioneering 
researches of Herzig on the constitution of fisetin and of quercetin gave the first real 
insight into the nature of this group of anthoxanthins. Herzig commenced his work in 
1884 and determined the structure of fisetin in 1891. In the same year he established 
the composition of quercetin, which had been in some doubt, and suggested the formula 
at present accepted, partly by analogy with fisetin. 

Herzig ethylated fisetin and showed that on hydrolysis with alcoholic potash the 
tetraethyl ether afforded fisetol diethyl ether (VII) and 3:4-diethoxybenzoic acid. 
Hence fisetin was regarded as a tetrahydroxyphenylbenzo-y-pyrone (VIII) and quercetin, 
so similar to fisetin in all its properties, was considered to be the corresponding phloro- 
glucinol derivative. 


H 
(VII) wen fy H inl (VIII.) 
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v. Kostanecki’s procedure with chrysin, two years later, was so logical and so well 
followed up in other cases that it has often been expounded as if it constituted the 
beginning of the subject and there has been a tendency to overlook the work of Herzig. 

He pointed out that the products of hydrolysis of chrysin could be explained on the 
basis of two formule (IX and X). He therefore excluded (IX) by synthesis of this 
coumarin derivative, following the method of v. Pechmann. The comparatively recent 
work of Wilson Baker has shown that this step was necessary because coumarins con- 
stituted like (IX) do afford phloroglucinol on hydrolysis. 


ax, H CPh 
ps oo 
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The synthesis of wii ), which proved to be identical with at followed in 1898. 

Accordingly when Perkin began his investigations (or rather when he published them) 
the nature of fisetin, quercetin, and chrysin was understood; his special contribution was 
the great extension of the group which he made and the development of new methods of 
investigation. One of the earliest of Perkin’s researches in this field concerned the 
constitution of morin which had been isolated by Chevreul from the wood of Chlorophora 
tinctoria (Gaudich); this dye-wood is termed “‘ old fustic ’’ and until recently was largely 
used. 

Perkin and Bablich (J., 1896, 69, 792) improved the method of isolation of morin, 
determined its composition, and prepared numerous derivatives. On hydrolysis of the 
tetramethyl ether, 2: 4-dimethoxybenzoic acid and phloroglucinol monomethyl ether 
were produced and hence the formula (XI) was assigned to the substance. This was 
proved to be correct by the synthesis of the substance by v. Kostanecki, Lampe, and 
Tambor in 1906 as well as by a study of morin pentamethyl ether by Herzig in 1909. 
The hydrolysis of this derivative gave the methoxyfisetol dimethyl ether which had 
previously been obtained from quercetin pentamethy]l ether. 
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It may be mentioned at this point that Perkin and Pate (J., 1895, 67, 649) examined 
the compounds formed by many members of the flavone group with mineral acids. The 
analysis of these substances often afforded valuable confirmation of the composition of 
the colouring matters themselves. In the case of morin the hydrochloride, hydrobromide, 
and hydriodide corresponded to the expression C,;H,,0,,HX, but the sulphate was 
abnormal. Another type of derivative useful both for purposes of isolation and for 
analysis is represented by the monopotassium salt of morin, which separates when the 
substance is treated with potassium acetate in alcoholic solution (J., 1899, 75, 437). 


Q N,Ph 
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In addition to morin, old fustic contains a pentahydroxybenzophenone termed 
maclurin, and Perkin’s brother-in-law, Mr. C. S. Bedford, found in 1887 (E.P. 12667) that 
a valuable dye could be prepared by coupling this substance with diazonium salts. By 
the action of diazotised aniline on the water-soluble constituents of old fustic a dye called 
“patent fustin’’ was produced; it gave orange-brown shades on chrome-mordanted 
wool. The dye is essentially bisbenzeneazomaclurin (XII) and the pure substance was 
prepared and examined by Bedford and Perkin (J., 1895, 67, 933; 1897, 71, 186); it 
yields a triacetate when treated with acetic anhydride, which is in harmony with the 
proposed constitution and the monoacetylation of bisbenzeneazophloroglucinol. The 
azo-derivatives of other natural colouring matters were prepared by Perkin (J., 1898, 73, 
665) and he found them useful for the diagnosis of the phloroglucinol nucleus. For 
example bisbenzeneazochrysin (J., 1896, 69, 1439) (XIII) cannot be acetylated and 
bisbenzeneazoapigenin (J., 1897, 71, 805) (XIV) forms a monoacetyl derivative. 

Another use of azo-compounds made by Perkin was in the recognition of the oily 
phloroglucinol monomethy! ether in the form of its bisbenzeneazo-derivative. Perkin 
and Allison (J., 1902, 81, 471) showed in this way that the quercetin tetramethyl ether 
obtained by direct methylation of quercetin is hydrolysed by alcoholic potash with 
formation of phloroglucinol monomethy] ether (and veratric acid). 


PhN, O PhN, O 
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It is difficult to give the exact chronological sequence of Perkin’s researches of this 
period because it is very probable that several investigations were proceeding simul- 
taneously. It would appear, however, that the elucidation of the constitution of luteolin 
preceded that of apigenin. 

Weld is the oldest European dye (prepared from Reseda luteola); it was used by the 
Gauls in the time of Julius Czsar and its last surviving use was to produce lemon-yellow 
shades (aluminium mordant) on the silk facings of certain military uniforms. 

Luteolin had been previously studied by Chevreul, Moldenhauer, Schiitzenberger, and 
Hlasiwetz, and the last-named assigned to it the composition C,;H,,O,. Nothing was 
known, however, in regard to its constitution. Perkin (J., 1896, 69, 206, 799; 1900, 77, 
1315) isolated the principle by a novel method and effected a final purification from a 
trace of apigenin by the preparation of the hydrochloride. From a study of the numerous 
derivatives (sulphate, hydrochloride, hydrobromide, hydriodide, monopotassium salt, 
dibromo-derivative, tetra-acetate, trimethyl ether and its monoacetate, ethyl ethers and 
bromo- and nitro-derivatives of the ethers, etc.) and the alkali-degradation to phloro- 
glucinol and protocatechuic acid, Perkin (loc. cit.) assigned to luteolin the constitution 
(XV). The correctness of this view was later confirmed by synthesis (Kostanecki, 
Rozycki, and Tambor, Ber., 1900, 33, 3410). Perkin and Horsfall (J., 1900, 77, 1322) 


(XIII) 
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showed that the decomposition of luteolin with 50% aqueous potassium hydroxide 
afforded 3 : 4-dihydroxyacetophenone in addition to phloroglucinol. 


H Me 
HO _<Son Me H 
(XV.) Ae P ORS (XVL.) 


H O 


Perkin and Horsfall also observed that the methylation of luteolin with methyl iodide 
and alcoholic potash gives, in addition to the trimethyl ether, a methyl-luteolin trimethyl 
ether. The methyl group entered the phloroglucinol nucleus because alkaline degradation 
led to the formation of methylphloroglucinol methyl ether, identified as its bisbenzeneazo- 
derivative. Methyl-luteolin was prepared by demethylation of the methyl ether. 
Similar nuclear methylation was noted by Perkin in the cases of several other flavones 
and flavonols, and he made a special study of it in the resorcinol series (J., 1895, 67, 990). 
Thus the methylation of methyl 8-resorcylate by the usual process was proved to give 
rise to (XVI) in addition to the normal products. 

The researches of von Gerichten on apiin, the glucoside occurring in the leaves, stem, 
and seed of parsley, rank in importance with those of Piccard on chrysin, but it was 
Perkin who showed that apigenin, the aglucone, is a member of the flavone group. As 
the result of the preparation of derivatives and their alkaline degradation he allocated 
the formula (XVII) to the substance and this was later confirmed by syntheses due to 
other investigators. 

The natural flavone, acacetin (ex Robinia pseud-acacia Linn.), was examined by 
Perkin (J., 1900, 71, 430) and shown to be apigenin methyl ether (XVIII). This sub- 
stance was later synthesised. 


O 
(XVIL.) HO’ C OH H aX Dome (XVIII) 
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The flowers of the same plant were found to contain a remarkable glucoside termed 
robinin (Perkin, J., 1902, 81, 473). On hydrolysis it furnishes two molecules of rhamnose, 
one of glucose, and kempferol. The last is the flavonol corresponding to apigenin. Both 
this substance and its monomethyl ether, kempferide, were studied by Perkin, who 
encountered them as constituents of various plants, but our knowledge of these flavonols 
is primarily due to v. Kostanecki. Incidentally it may be mentioned that the flavonol 
corresponding to chrysin is galangin (ex galanga root) and a congener is a galangin 
methyl ether (Testoni, Gazzetta, 1900, 30, ii, 327). Perkin and Allison (J., 1902, 81, 470) 
found that, when air was aspirated through an alkaline solution of the methyl ether, 
phloroglucinol and benzoic acid were obtained and hence the methyl ether is the 
3-derivative (XIX). This was later confirmed by synthesis. Perkin made frequent use 
of this method of oxidation in order to distinguish between flavones, which are unattacked, 
and flavonols, which are degraded, and the case of galangin methyl ether is evidence that 
the distinction applies even to the 3-substituted flavonols. 


OQ H 
(XIX.) HO \gph H H (XX.) 
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Employing similar methods Perkin in 1902 (J., 81, 203; also 1911, 99, 1721) showed 
that myricetin, isolated from Myrica nagi in collaboration with Hummel (J., 1896, 69, 
1287), is a flavonol of the constitution (XX). The constitutions of the isomerides of 
myricetin, namely, quercetagetin (X XI) from the African marigold and gossypetin (XXII) 
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from cotton flowers were partly established by Perkin (J., 1899, 75, 826; 1913, 103, 209, 
650), who regarded them as hydroxyquercetins and proposed the constitutions shown 


7 HQ O H 
(XXI) rae \—— OH HO; oNG OH (xxi) 


! 
C-OH /C-OH 
H XO H O 


above. The suggestion could only be tentative because a hydroxyquercetin which should 
be either (X XI) or (XXII) had been described and this substance differed from the two 
flavonols in question. The erroneous character of this work and the correctness of 
Perkin’s views were later demonstrated by the syntheses of gossypetin and quercetagetin. 

Finally, mention may be made of tsorhamnetin (XXIII), first isolated by Perkin and 
Hummel from yellow wallflowers (J., 1896, 69, 1566) and later by Perkin and Pilgrim 
from Delphinium zalil (J., 1898, 73, 268), Its constitution was determined by correlation 
with quercetin and by degradation to vanillic acid. The substance has been synthesised 
by an unambiguous method. Other quercetin methyl ethers were isolated from Persian 
berries (Perkin and Geldard, J., 1895, 67, 500). 


OMe 


O OMe 
(xxxur) HO \¢—<_ ou ~ Xe < Some (X XIV.) 
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Quercetin Glucosides.—In addition to the Pomc Perkin studied the glucosides 
themselves in many cases and he extended the method of Herzig and Schénbach 
(Monatsh., 1912, 33, 678), who had shown that quercitrin is the 3-rhamnoside of 
quercetin. Direct methylation of quercetin affords the 3:7: 3’: 4’-tetramethyl ether 


(XXIV), whereas an intermediate in Kostanecki’s synthesis is the 5 : 7 : 3’ : 4’-tetramethyl 
ether (XXV). Herzig showed that fully methylated quercitrin gives (X XV) on hydrolysis. 

Perkin and Attree (J., 1927, 234) found in this way that rutin, xanthorhamnin, and 
tsoquercitrin are also 3-saccharides of quercetin but quercimeritrin is the 7-glucoside 
(XXVI). By full methylation and hydrolysis it furnished the hitherto unknown 
3:5:3':4'-tetramethyl ether of quercetin. The transposition of sugar groups in this 
series has been effected by Zemplén. Acetylated quercitrin (rhamnoside) is subjected to 
cautious acid hydrolysis with formation of tetra-acetylquercetin; the free hydroxyl group 
in the 3-position is then glucosidated, and the product hydrolysed by alkali. The 
resulting quercetin 3-glucoside accompanies quercimeritrin in cotton flowers (cf. Perkin, 
J., 1909, 95, 2181). 


_OH 
ata C,H, ,0;5" \c H 
(XXV.) Vag OH 
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Natural Products related to the Flavones. 


Perkin and Hummel (J., 1904, 85, 1459) found in the flowers of Butea frondosa a 
colourless substance, termed butin, which was recognised as a flavanone of the formula 
(XXVII). On hydrolysis and in the dye-bath it is converted into the isomeric butein 
(XXVIII). Condensation of paanol with veratraldehyde gave butein trimethyl ether 
and this was changed to butin trimethyl ether by the action of dilute alcoholic sulphuric 
acid. 


QO OH 
Hof’ \cH-< OH HO 
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The occurrence of this simple flavanone in Nature is of considerable interest. 

When a solution of butein in acetic.acid is warmed with a few drops of sulphuric acid, 
a crystalline substance possessing beetle-green iridescence separates. This dissolves in 
alkalis to deep blue solutions and dyes mordanted fabrics in similar shades to those 
produced by anthragallol. The tentative explanation of Perkin is rather improbably 
correct and the matter is worthy of further investigation. 

Genistein isolated along with luteolin from dyer’s broom (Genista tinctoria) (Perkin 
and Newbury, J., 1899, 75, 830; Perkin and Horsfall, J., 1900, 77, 1310) was for some 
time considered to be a coumaranone derivative. Long before the syntheses demon- 
strated the fact, the late Professor told the writer that he knew that prunetin (Finnemore) 
was genistein methyl ether, but this idea was never published. 

Perkin and Horsfall degraded genistein dimethyl ether by treatment with alkalis to 
phloroglucinol monomethyl ether and #-methoxyphenylacetic acid and these results are 
in harmony with the tsoflavone constitution (X XIX). 


I 
HO CH HO OH 
(XXIX.) OB Oe HO (XXX.) 
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A unique colouring matter from every point of view was isolated by Perkin from 
Chica Red (Perkin, Proc., 1914, 30, 212). This is a cosmetic pigment used by the natives 
of the Upper Orinoco and it is derived from a species of Bignonia. The main constituent 
is a red crystalline substance termed carajurin; it is a dimethoxy-compound of the 
formula C,,H,,0, and is the colour base of flavylium salts. On demethylation by means 
of hydriodic acid scutellareinidin iodide (XXX) is produced (Chapman, Perkin, and 
Robinson, J., 1927, 3015): the corresponding chloride was synthesised. As carajurin 
affords p-acetylanisole on degradation by alkalis, the only dubiety concerns the position 
of one methoxyl and the formule (XXXI) and (XXXII) are the alternatives. The red 
colour of the quinonoid colour base excludes the o-quinonoid structure (which by analogy 
would be associated with a violet or blue colour), Of these formule, (XXXIp,is the 
more probable because the ferric reaction of carajurin salts suggests that two hydroxyls 
are in the o-position. 


O 0 
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Me CH H 

The form in which carajurin occurs in the plant is unknown, but from the method 
of isolation it must be as a saccharide of some kind. The substance may be regarded as 
a fission product of an anthocyanin. In parenthesis it may be remarked that the 
possibility exists that carajurin may be a derivative of 5: 7:8: 4’-tetrahydroxyflavenol, 
because opening and closing of the pyran ring in the course of the demethylation cannot 
be excluded in the absence of synthetical evidence. 

The idea that catechin should be regarded as a reduction product of quercetin was 
first advanced by Perkin (J., 1905, 87, 398; cf. Perkin and Yoshitake, J., 1902, 81, 1162). 
By oxidising catechin tetramethyl ether, he obtained veratric acid and, probably, phloro- 
glucinol war ether. Hence the alternatives (XX XIII) and ck were advanced. 


OO eu 
(XX XIII.) ie OH "OO pein 
H: OH 


Acacatechin from aa: catechu was proved to be an isomeride of catechin; it was 
subsequently shown by Freudenberg to be a mixture of d/-catechin and a little /-epicatechin. 
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The same author showed that the catechins are stereoisomerides having the constitution 
(XXXITI). 

Perkin made many further researches, such as those on scoparin (1899, 1900), vitexin, 
and homovitexin (1898, 1900), fukugetin (1904), excoecarin and jacarandin (1902), 
carthamin (1910), santalin and deoxysantalin (1918), acertannin (1922), which were 
largely descriptive and the last substance to be mentioned in this section in more detail 
is cyanomaclurin, which he isolated from Jak-wood (Artocarpus integrifolia) (Perkin and 
Cope, J., 1895, 67, 937; 1905, 87, 715). This interesting substance is a kind of catechin 
related to morin rather than to quercetin and it contains two hydrogen atoms less than 
catechin. Perkin showed that it may be degraded to $-resorcylic acid and phloroglucinol 
and suggested the formula (XXXV). It was later found that the deep blue colour 
produced on warming an alkaline solution of cyanomaclurin (hence the name) is due to 
the formation of the colour base salts of morinidin and this confirms Perkin’s hypothesis 
in essential respects. The slight modification (XXXVI) remains for consideration. 
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Other Natural Colouring Matters. 


It is curious that Perkin took so little interest in plant colouring matters devoid of 
tinctorial properties, his sole contact with the carotenoids having been to show that the 
pigment of the Indian mahogany tree (J., 1912, 101, 1538) is identical with nyctanthin, 
later found (Kuhn and Winterstein, 1929) to be identical with crocetin, He found 
several new sources of berberine (Perkin and Hummel, J., 1895, 67, 414; Perkin, J., 
1897, 71, 1198). 

In connexion with natural indigo he made more extensive researches (Perkin and 
Bloxam, J., 1907, 91, 279, 1715; 1910, 97, 1460; Perkin and Thomas, J., 1909, 95, 793; 
Perkin, Thomas, and Bloxam, ibid., p. 824; Perkin, ibid., p. 847), the most important 
outcome being the method devised for the analysis of the indican content of the leaves 
of the indigo plant. The estimation depended on the formation of indirubin by the acid 
hydrolysis of the indican in a neutral atmosphere in presence of isatin. Indigo-yellow 
from the Java indigo plant (Indigofera arrecta) was shown to be kempferitrin, a 
rhamnoside of kempferol (J., 1907, 91, 435). 

Degradative evidence leaves two possible formule for gentisin, namely, (XX XVII) 
and (XX XVIII), and, as a result of the study of the properties of bisbenzeneazogentisin, 
Perkin was led to prefer the former. 


= Me H 
(XXXVIL) : MeO (XX XVIII.) 
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The correctness of this conclusion was later demonstrated by a synthesis of a 
substance corresponding to the alternative expression (Shinoda, J., 1927, 1983). 

Although not strictly relevant, the opportunity may be taken here to mention the 
preparation of some analogues of ellagic acid by the oxidation of hydroxy-derivatives of 
benzoic acid. 

For example, catellagic acid (XX XIX) was obtained from protocatechuic acid by 
oxidation with potassium persulphate and sulphuric acid. The oxidations were 
occasionally carried out electrolytically (Perkin and Nierenstein, J., 1905, 87, 1417; 
Perkin, J., 1906, 89, 251; A. G. Perkin and F. M. Perkin, J., 1908, 93, 1194; Bleuler 
and Perkin, J., 1916, 109, 629). 

Related to this topic is the work which Perkin carriéd out on purpurogallin, the 
constitution of which (XL) was eventually established by Willstatter and Heiss (Amnalen, 
1923, 433, 17). In collaboration with F. M. Perkin it was noted that purpurogallin could 
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be obtained by the anodic oxidation of pyrogallol (J., 1904, 85, 243), but for the prepar- 
ation of the substance Perkin and Steven (J., 1903, 83, 192) preferred the nitrous acid 
process of Nietzki; ferricyanide also was found to be applicable. The older formule, 


HO CO—C-OH 


OO 
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O—O 
for example, Cy9H,,0,, were shown to be incorrect and were replaced by the formula 
C,,H,O;. Various derivatives (e.g., tetra-acetate, dibromo-tetra-acetate, monopotassium 
salt, purpurogallone derivatives, and isopurpurogallone) were prepared and the formation 
of naphthalene by zinc dust distillation was confirmed. This proved a confusing factor, 
but Perkin suggested that one of the hydroxyl groups is in a side chain and he detected 
the presence of a carboxyl group in purpurogallone. 


Work in Collaboration with Professor A. G. Green. 


Some new polythiosulphonic acids of #-diamines were oxidised in the presence of 
aromatic amines and the products were shown to differ from known colouring matters of 
the sulphur class (J., 1903, 83, 1201). A note on the constitution of cellulose was 
published in 1906. The behaviour of phenolphthalein and quinolphthalein was studied 
with highly interesting results (J., 1904, 85, 398). 

The first product of the action of alkali on phenolphthalein is the red quinonoid salt 
in which the lactone ring is broken. Then with more concentrated sodium hydroxide the 
quinone is hydrated and a colourless solution is obtained. Cautious neutralisation with 
acetic acid gives the free phenolic carbinol in which the carboxyl group alone is present 
in salt form. On heating, the lactone is probably regenerated with liberation of alkali- 
metal hydroxide (or the quinonoid phase is directly produced by dehydration). These 
changes are represented as follows : 


C,H,OH(f) C,H,:O 
CHK +P _xon cu—c? * * 
| \CgH,OH(p) | \c,H,-OH A \ 
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It was possible to follow these stages in the case of quinolphthalein and the formula 
(XLI) was suggested for the colour salt in this case. The hypothesis was analogous to 
the proposals of Kehrmann in connexion with the constitutions of members of the 
rosindone and oxazine groups. 


Reduction Products of Hydroxyanthraquinones. 


A long series of researches on this subject was Perkin’s last interest and constitutes 
his major contribution to synthetic chemistry. Fourteen papers in this series were 
published between 1922 and 1933. It was found that the reduction of unsymmetrical 
hydroxyanthraquinones leads, as a general rule, to only one of the two anthranols which 
might theoretically be obtained. Thus 1-hydroxyanthraquinone gives (XLII) because 
the hydroxyl group of the corresponding benzanthrone (XLIII) is resistant to methylation 
by means of methyl iodide and alcoholic potassium hydroxide. 


H QH 
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In a similar manner the constitutions of the anthranols (anthrones) from alizarin and 
its 2-methyl ether, anthrapurpurin, flavopurpurin, anthragallol and its methyl ethers, 
were determined (J., 1920, 117, 696; Perkin and Spencer, J., 1922, 121, 474; Perkin and 
Miller, J., 1925, 127, 2684; Perkin and Cross, J., 1927, 1297; 1930, 292). 

In the 1-hydroxyanthraquinones it was found that the carbonyl in the o-position to 
hydroxyl is protected from the action of the reducing agent, but if this hydroxyl is 
acetylated, then the carbonyl ortho to acetoxyl is the one attacked. Thus the isomeric 
anthranols could be obtained at will. 

The reduction of 2-hydroxyanthraquinone was found to give 3-hydroxyanthranol 
(XLIV) and therefore a #-hydroxyl also protects a carbonyl from reduction. The 
corresponding hydroxybenzanthrone (XLV) was obtained also by the direct oxidation of 
benzanthrone by means of aqueous potassium hydroxide and some potassium chlorate at 
230—240°, and its methyl ether afforded 2-methoxyanthraquinone-l-carboxylic acid 
(XLVI) on oxidation by means of chromic acid (Perkin and Spencer, Joc. cit. ; Perkin and 
Bradshaw, J., 1922, 121, 911; misprinted 1911 in J., 1924, 125, 231). The di-anthracene 
derivatives from 2-hydroxyanthraquinone were studied in very great detail and the 
results are of considerable scientific and technical interest. Perkin and Bradshaw treated 
2-hydroxyanthraquinone with glucose, aqueous alkali, and potassium nitrate at 170—180° 
and obtained 2-hydroxybenzanthronecarboxylic acid together with substances at first 
considered to be C,,H,,0, (A) and C,,H,,0, (B). Perkin and Whattam (J., 1922, 121, 
289) reduced 2-hydroxyanthraquinone by means of zinc dust and ammonia to 3-hydroxy- 
nathranol (XLIV) and obtained as by-products, 2: 2’-dihydroxydianthryl and 3: 3’- 
dihydroxydianthrone. The latter on oxidation with permanganate gave a supposed 
dihydroxydianthraquinone identical with the product (A) of Perkin and Bradshaw. 


O CO,H 
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Later, Haller and Perkin (J., 1924, 125, 231) oxidised dihydroxydianthrone with 
ferricyanide and obtained a 99% yield of (A) C,gH,,0,, and a trace of (B). Because (A) 
is converted by iodine in pyridine solution into a monoiodo-derivative without further 
nuclear coupling, it was regarded as 3 : 6’-dihydroxyhelianthrone (XLVII). (B) was now 
recognised as C,,H,,0, and formulated as a dihydroxymesonaphthadianthrone (XLVIII). 


(XLVIL.) (XLVIIL.) 
On, 


The dihydroxyhelianthrone gives orange-red alkali salts and a bluish-green vat in 
which fibres are dyed bluish-green, becoming red and then orange on exposure to air. 

In later researches these conclusions were modified (Perkin and Yoda, J., 1925, 127, 
1884; Perkin and Hardacre, J., 1929, 180) and it was shown that on mild oxidation 
3-hydroxyanthranol gives successively 3 : 3’-dihydroxydianthrone (XLIX), dihydroxydi- 
anthraquinone, dihydroxyhelianthrone (LI) and dihydroxynaphthadianthrone (LII). 

The position of the hydroxyl groups was proved by synthesis (Perkin and Hardacre, 
loc. cit.). 1-Bromo-2-benzoyloxyanthraquinone was treated with copper powder according 
to Ullmann’s method and after hydrolysis 2 : 2’-dihydroxy-1 : 1’-dianthraquinolyl (LIII) 
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was obtained. This was reduced to dihydroxydianthranolyl (LIV) and then oxidised to 
the dihydroxyhelianthrone (LI). 

Somewhat different results were obtained by the oxidation of the anthranol (LV) 
from alizarin 2-methyl ether (Perkin and Attree, J., 1931, 144; Perkin and, in part, 
Haddock, J., 1933, 1512). 
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When iodine in pyridine solution was used as the oxidising agent, the product 
obtained was at first thought to be a dihydroxydimethoxyhelianthrone (LVI) analogous 
to that obtained from 2-hydroxyanthraquinone. This substance was, however, 
synthesised and proved to be a different compound. The oxidation product of the 
anthranol (also obtained by boiling a pyridine solution of 4~-bromo-1-hydroxy-2-methoxy- 
anthrone) was recognised as a dihydroxydimethoxydibenzperylenequinone (LVII). 


8) H 


H H CO 
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The last piece of work which engaged Perkin’s attention showed that his powers as a 
discoverer were unimpaired. In attempting the methylation of 3 : 4-dihydroxyanthranol 
by means of methyl sulphate and anhydrous sodium carbonate in crude trichlorobenzene 
solution, the formation of a green vat-dye was observed. Further investigation showed 
that the presence of tetrachlorothiophen in the trichlorobenzene was responsible for the 
production of this interesting substance, and related products were obtained from 
4-hydroxy-3-methylanthranol and from 4-hydroxy-3-methoxyanthranol (cf. B.P. 353,422, 
Imperial Chemical Industries Ltd., A. G. Perkin, A. Shepherdson, and N. H. Haddock). 
The dyes applied to cotton from a hyposulphite vat yield green shades of considerable 
beauty but of only moderate fastness to light and hypochlorite; they may nevertheless 
be of technical interest. 

In a posthumous paper (Perkin and Haddock, this vol., p. 541) it is shown that the 
dyes can be oxidised by chromic acid with formation of the anthraquinone corresponding 
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to the anthranol employed. The formation of the dye from the 4-hydroxy-3-methoxy- 
anthranol is represented as follows : 


H 


Br Br 


H 
OMe + 4HBr + 2H 
H 


Perkin was a very great chemist and a man of characteristic and lovable personality. 
His gentle, unassuming, and to a certain extent, retiring nature prevented him from 
taking a large part in national scientific affairs, but his laboratory activities gave him an 
international reputation second to none as an ardent and successful seeker of the truth. 
He was an ideal colleague, completely unselfish, a giver not a taker, a man who craved no 
recognition and sought no reward other than the joy of accomplishment. 

R. ROBINSON. 





SHIN-ICHI SAKO. 
1892—1936. 


SHIN-ICHI SAKO, who died on June 20th, 1936, in his forty-fourth year, was born in Mié 
Prefecture, Japan, on March 14th, 1892. He was educated at the Technical School of 
Mié, and at the Higher Polytechnic School of Osaka, afterwards proceeding to the Imperial 
University of Tohoku, Sendai, where he received his training in organic chemistry under 
the guidance of Prof. Riko Majima. After the completion of the University course, he 
became lecturer at his mother university, where he stayed for two years. In 1919 he was 
appointed Assistant Professor of Organic Chemistry at the Imperial University of Kyushu, 
Fukuoka, under Prof. Tahara, whose sudden and unexpected death took place shortly 
afterwards. The next year Sako proceeded to England to study organic chemistry in the 
laboratory of Prof. J. F. Thorpe, where he published a paper on hydantoins in collaboration 
with Ingold and Thorpe. In December, 1922, he returned to the Imperial University of 
Kyushu and after two years was elected Professor of Organic Chemistry. He took his 
Doctor’s degree in October, 1930, the title of his thesis being ‘‘ The Formation of Cyclic 
Compounds from Diphenyl Derivatives.’’ From that time until his death he was engaged 
in research on the derivatives of diphenyl. 

He was a diligent and skilful practician; most of his researches were carried out alone, 
but in a few cases he had the assistance of Mr. T. Ono. From early morning to late in the 
evening he worked hard in his laboratory, and that was one of his greatest pleasures. 
Committee work- or meetings which took him away from his laboratory he hated. It is 
not too much to say that his health, which was by no means poor, was ruined by the over- 
work and love of chemistry. 

He is survived by his widow and three sons and one daughter, who now live in his 
native place. 

He was elected a Fellow of the Chemical Society on February 17th, 1921. 

H. SHIBA. 
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324. Some Uses of Dielectric Polarisations in the Investigation of the 
Formation of Intermolecular Complexes in Solution. 


By D. Li. Hammick, A. Norris, and L. E. Sutton. 


The method recently employed by Earp and Glasstone for the determination of 
association constants and dipole moments of complexes between donor and acceptor 
molecules, by measuring the dielectric polarisations of binary mixtures, has been 
investigated further. Modifications of the method have been suggested and examined, 
and it has been concluded that measurements of this kind alone cannot be expected to 
give conclusive results. To do this, it seems that the measurements must be combined 
with independent measurements of the equilibrium constant, and possible methods have 
been indicated. 


THE existence of intermolecular ‘‘ complexes ”’ in the liquid phases of binary mixtures of 
organic substances has often been inferred from the non-additive nature of the physical 
properties of such mixtures. In the absence of confirmation by independent evidence, 
such inferences are always suspect, owing to the great difficulty in. deciding whether 
the observed abnormality is due to chemical interaction or to forces of a “‘ van der Waals ”’ 
character. Dipole moments are, however, but little affected by the ordinary van der 
Waals cohesion, and it is for this reason that the recent work of Earp and Glasstone (J., 
1935, 1709, 1720; cf. Glasstone, Trans. Faraday Soc., 1937, 33, 200) is of special interest. 
As we propose to criticise their interpretation of their results, we give in outline the method 
they used for determining the extent of the association, and the polarisation of the complex. 
From the measurements of the dielectric constant and the density of their binary 
mixtures, they calculate the dielectric polarisation by means of the Debye equation 


Pa Mic—Viltet DH. . . cis ss @ 


In their view, it is a consequence of the law of mass action that, if a compound is formed 
between two substances, then, when one of these is in large excess, the other exists entirely 
in the form of compound. Using this conception, they derive values of the constant and 
polarisation of the compound thus: Let two liquids, A and B, be mixed in molar fractions 
a and 6, of which amounts Aa = Ab = x go over into the form of the 1 : 1-compound 
AB = X. Then the total polarisation, P, of (1) is written in the form 


P = P,(a — x)/(1 — x) + Pp(b — x)/(l— x) + Pgxf(l—x) . . (2) 
where Px is the polarisation of the compound. If P,, the polarisation of A in the 
mixture, is the same as that in pure liquid A at all compositions, then Qs, the apparent 


polarisation of B on the assumption that there is no compound formation, can be obtained 
from the simple mixture law 
P=Pase+Qp. . . « . (3) 


When the values of Q; obtained in this way are plotted against 6, eee give a canes curve, 
having its highest value when b= 0. But this value is, by hypothesis, due entirely to 
compound, and Earp and Glasstone derive the actual polarisation, Px, of this from the 


‘equation 
Px = (Qz)s—0 + P,. . . . . . . - . (4)* 


This value of Px can be substituted in (2), and this can be solved for x. ‘The value of x is 
inserted in the mass-action expression 


K=x1—x)/(a—x(b—x*) . . . . «ew e (5H). 
which assumes that molar fractions may be treated as active masses. The values of P, and 
Ps substituted in (2) are corrected for dielectric-constant effect by measurements on A 
and B separately in inert solvents, and Px is corrected approximately by finding its value 

* We are unable to derive this equation from (2); it can, however, be obtained from (7), assuming 


with ty and Glasstone that all the solute is in the form of compound at infinite dilution. 
x 
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at points a = 0 and b = 0, and interpolating along the straight line joining the two. If 
these values are nearly alike, it is taken to indicate the correctness of the method, whereas, 
if they differ largely, the difference is attributed to natural variation with the dielectric 
constant of the medium. 

We are unable to agree with this theory of the method, however, on the following points : 

(I) At infinite dilution of A in B, all the A is in the form of AB. If the reaction 
is A + B = AB, then, from (5), it is clear that fap/f, = Kfg, which can never be infinite 
unless K itself is infinite, since fg can never be greater than 1. And if K were infinite, the 
py for Q, would not follow the experimental form (Curve 1), but would have the form 
of Curve 2. 
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If K is infinite, then, so long as a < 0-5, A is all in the form of AB and so, dielectric-constant effects 
being neglected, its apparent polarisation is constant. When a > 0-5, eq. (7) (below) reduces to the form 


P = (2a — 1)P, + (1 — @)Px 
and if this is combined with an equation of the form (3) 
P = aQa + bP, a= aQa a (1 _- a) Pz, 
Qa is given by 
Qa = 2P, + Pp — Px + (Px — Pa — Pz) /a 
which diminishes as a increases to the limiting value Pa whena = 1. This is shown in Curve 2. Curve 
1 is the kind of curve obtained (usually) experimentally. f 


(II) .Equation (2) certainly represents the relationship between P, Py, Pz, and Px if 
P is calculated from the ¢rue mean molecular weight, compound formation being taken 
into account, but Earp and Glasstone use the ordinary value of P, calculated from M = 
aM, +My. The true value is My = (aM, + 0M3)/(1 — x), so that, if Po is the true pol- 
arisation of the mixture, #.e., Pp = (e — 1)Mo/d(e + 2) (equation 1), and P is the value 
obtained when the compound formation is neglected [see (1)], it is clear that 

Prete Se a a ee 
With this significance of P, therefore, equation (2) must be rewritten in the form 
P = Py(a — x) + Pg(b — ~) + Px . 
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(III) It is very doubtful whether the law of mass action can be applied over a 100% 
range of binary mixtures, an application which is not at all analogous to the use of the law 
when one of the reactants is present in large and constant concentration. 

We feel therefore that this method cannot safely be applied. Alternative methods for 
the solution of the problem have been attempted during the course of the present work and 
are outlined below. 

Method 1. Successive Approximation.—This was carried out in the following stages : 
(a) Assume, with Earp and Glasstone, that all the solute at infinite dilution has combined 
to give the complex and so calculate Px, the polarisation of the complex, from (4); (0) 
substitute this value in (7), and obtain a value for x; (c) insert this value of x in (5) and 
calculate K; (d) use this to calculate the amount of compound present at infinite dilution, 
and then obtain a new value for Px. Then repeat these stages until it is possible to 
extrapolate to the true values. An attempt was made to apply this method to the ethyl 
ether-chloroform data of Earp and Glasstone (loc. cit.), but the convergence of the results 
was so slow that extrapolation was impossible. 

Method 2.—If Q, is the apparent polarisation of A at infinite dilution in B, calculated by 
assuming that the polarisation of B is the same as that in its pure liquid form, it is easy to 
show that its true value is given by 

= (Qa — Pa)/(Px—Pa—Qa) - - + - + + (8) 
Similarly for B at infinite dilution in A 
= (Qn — Ps)/(Px—Pa—Qs)* - - - + + + (9) 
K can be eliminated from these to give an equation in which the only unknown is Px: 
(Qa — Pa)(Px — Pa — Qs) = (Cn — Ps)(Px—Pa—Qa) - - (10) 
But it is here assumed (a) that K holds constant over the whole range, an assumption 
which has already been questioned, and (b) that Px has the same value over the whole 
range, which is certainly untrue. it is not possible to remedy (a), but a tentative allowance 
can be made for (b) by assuming that the variation in the polarisation of the compound is 
the sum of those of its two constituents, which are known. It is unfortunate that the 
accuracy of this correction is very important when Px is nearly the same as P, + Q 3 or 
Ps + Q,, where also it is necessary to extrapolate accurately the values of Q, and Qg5. 
Since this cannot be done, and in view of the other assumptions, it is not surprising that no 
reliable results were obtained by this method when applied to the following data : 


Diethyl ether and chloroform at 20° (Earp and Glasstone) : 
A = Et,0, B = CHCl. 
Q, = 90 c.c., P, (in ether) = 55, (in chloroform) = 54. 
Q3 = 75 c.c., Ps (in ether) = 46, (in chloroform) = 45. 


Diethyl ether and chloroform at 0° (Tables I and II) : 
Qa = 92 c.c., P, (in ether) = 55-8, (in chloroform) = 
Qs = 78 c.c., Py (in ether) = 46-4, (in chloroform) = 


Diisopropyl ether and chloroform at 25° (Tables III and IV). 
Diisopropyl ether and chloroform at 0° (Tables V and VI). 


Each of these systems gives absurd results, with values of Px less than Pg + Q,, or 
P, + Qg3, and consequently negative values for K. : 

Method 3.—This was an attempt to dispense with the assumption that K is constant over 
a range of 100%, by making measurements at two different temperatures, and assuming 


* In the expression, Q4 — P,, P, is the value of the polarisation of A at the dielectric constant of 
pure B, in which Q, is measured. This is obtained by measurements in an inert solvent. In the 
expression Px — Pg — Qa, Px is the value at the same point, i.e., in pure liquid B. To introduce 
specific symbols for these would have made the equations too cumbrous, and the context makes clear 
what is required. 
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that the ratio K (first temp.) /K(second temp.) was the same at both ends of the composition 
scale. This merely requires that the heats of combination of the two constituents shall be 
the same whatever the composition. If equations (8) and (9) are rewritten with values of 
polarisations corresponding to another temperature, #.e., 


K’ = (Q', — P’,)/(P’x— P’n— Q's) © - ee OCD) 
K’ = (Q’n — P's) /(P’x— P'u—Q’s) - - + + «((2) 
then (9) can be divided by (12) and (8) by (11), and the ratio K/K’ eliminated between 
the two resultant equations. The final equation is 
(Qa — Pa)(Q’s — P’s)(Px — Pa — Qn)(P’x — P's — Q's) 
= (Os — Ps)(Q’s — P’s)(Px — Pa — Qa)(P’x— P's — Q's) - ~~ = (13) 
There are still two unknowns in this equation, Px and P’x, but one of these can be 
eliminated by writing them in the form, P = Pg + Po, of which Py, is independent of the 
temperature, and can be evaluated (as Earp and Glasstone have shown) from the electron 
polarisations of the two constituents. Po, is inversely proportional to the temperature, so 
that P’) = TP,/T’. Measurements have been made on the diisopropyl ether—chloroform 
system at 0° and 25° (vide supra and Tables III—VI), and by taking the values worked 
out above in Method 2, the following equation was obtained for Po : 
9-676 P.? — 1905-4 P, + 77379 = 0 
The solution of this gives Pp = 139-6 or 99-9, of which the latter is impossible since it gives 
a negative value of K. Taking the former, we have : 
Px (0°) = Po + Pz = 139-6 + 52-3 = 191-9 c.c. 
P's (25°) = P’o + Pg = 127-9 + 52-3 = 180-2 c.c. 
These values can be used to obtain values for K at both ends of the scale at the two 
temperatures, and hence the value of the heat of combination. The results are: 


K- for dilute solutions of diisopropyl ether in chloroform, at 0° = 1-13, at 25° = 1-33; 
K for dilute solutions of chloroform in ditsopropy]l ether, at 0° = 3-08, at 25° = 3-68, 


from which it is clear that no reliance can be placed on the absolute values of the results, 
for K apparently increases with the temperature. This would require the reaction to be 
endothermic, whereas the results of McLeod and Wilson (Trans. Faraday Soc., 1935, 31, 596) 
show that such reactions are exothermic; in fact, the heat of reaction could be felt when the 
components of this system, and particularly of the chloroform-triethylamine system, were 
mixed, It is possible, however, that the method would be applicable if a wider temperature 
range were used, and preliminary experiments have been made with a view to conducting 
measurements at — 45° and + 25°. 

Method 4.—This also was an attempt to dispense with the assumption that K is constant 
over the whole range, by making measurements (a) on a dilute solution of A in B, and (0) 
on a dilute solution of A in a constant-ratio mixture of B and an inert solvent, such as 
benzene. By methods similar to those of Method 2 it was possible to deduce the equation 

(Qa — Pa)(Px — Pa — Qam) = (Qam — Pa)(Px— Pa—Qa)b - - (14) 
where 6 is the molar fraction of B in the constant-ratio mixture, and Q,,, is the 
apparent polarisation of A at infinite dilution in the mixture. The results with which 
this method was tested are in Tables III, IV, VII, and VIII, for the chloroform-diisopropyl 
ether system, and the following figures are drawn from these : 


Dilute chloroform in a diisopropyl ether-benzene mixture at 25° : 

0, — P, = 53, Quam — Py = 46, QQ, + Pz = 167, Qaim + Pg = 161 C.C.; b = 0-7899. 
Results :. Ps = 227 c.c., K = 0°88, 

This result is different, though not impossibly different in view of the difficulties of the 
method and the enormous probable error, from that of the previous method (for chloroform 
in diisopropyl ether), but any confidence in its value is shaken when the result is compared 
with the corresponding one for dilute solutions of the ether in chloroform (Px = ca. 180c.c.). 

Method 5.—It is now considered that only the following modification of the dielectric- 
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constant method can produce significant results. It is virtually an abandonment 
altogether of the use of binary liquid mixtures, and a reversion to measurements of dilute 
solutions of the two components in a third, unreactive, solvent (Hassel and Uhl, Z. phystkal. 
Chem., 1930, B, 8, 187; Laurent, Compt. rend., 1934, 199, 582; 1935, 201, 554). 
Comparisons of the polarisation values obtained in this way with those to be expected if no 
compound were formed (corrected for dielectric constant effect) show a linear increase of the 
observed values with concentration, if the two reactive components are present in constant 
proportion. It is easily shown * that, if R is the difference between the observed value 
of polarisation of a mixture and the theoretical value for no compound formation then 
R= (Px—Py—Ppg)x/(at+b) .. . . « © (15) 

Thus, either Px or x can be evaluated if the other is known, whereas, if neither is known, 
the function (Px — P, — Px)x can be used to give comparative data for various systems, 
on the probable assumption that the compound with the greatest polarisation- 
increase has also the greatest stability. Measurements have been made in this way on the 
systems chloroform—ditsopropyl ether, chloroform-triethylamine, and chloroform-nitro- 
methane, and the results are contained in Tables IX—XI. In these, Q (col. 5) is the 
observed polarisation of the mixture, while Po» (col. 6) is the calculated value on the 
assumption that no compound is formed, and R (col. 7) is the difference @Q — Pp. The 
value of R is considerable for chloroform-triethylamine, noticeable for chloroform-— 
diisopropyl ether, and within experimental uncertainty (due to the large dielectric-constant 
effect of the solvent) for chloroform-nitromethane; therefore, it seems that triethylamine 
forms the complex most readily, ditsopropyl ether less readily, and nitromethane not at all. 

This result, as far as it goes, is in accordance with what we should expect if, as Earp and 
Glasstone suggest, the compounds are the result of the formation of a hydrogen bond 
between the donor atom of the amine or ether and a hydrogen of the chloroform. It 
is well known that amines have more pronounced donor properties than the ethers, forming, 
for example, ammonium salts much more readily than the latter form oxonium salts, while 
nitro-compounds do not act as bases at all. 

Merely to use polarisation measurements to obtain a qualitative estimate of the degree 
of complex formation is not, however, to make the best use of them. But it has been 
shown that it is in practice very difficult to derive an exact measure of both the polarisation 
and the degree of association from these measurements alone, and so future developments 
must probably use these in conjunction with independent methods of determining the 
degree of association. Such methods are cryoscopic and partition measurements. 


EXPERIMENTAL. 


The dielectric constants were measured by the heterodyne beat method (Sutton; Proc. 
Roy. Soc., 1931, A, 188, 668), and the densities in an Ostwald—Sprengel pyknometer. Benzene 
(‘‘ AnalaR ’”’) was purified by freezing 24 1. out three times, and rejecting each time the first 
150 c.c. of the melt to remove homologues. It was distilled as required in a stream of dry air, 
after refluxing over phosphoric oxide for an hour. Chloroform (‘‘ AnalaR ”) was washed four 
times with concentrated sulphuric acid, then with n-sodium hydroxide and water, dried over- 
night over calcium chloride in dark bottles, refluxed over phosphoric oxide, and distilled in dry 
air as required. No specimen was kept for more than 2 days without repurification. Diethyl 
ether was washed with sodium hydroxide solution and water, dried over calcium chloride and 


* Let the molar fractions of A, B, and inert solvent be a, b, and h, if compound formation is 
neglected. Then, if a compound is formed, the molar fractions of A, B, AB, and solvent become 
(a — x)/(1 — *), (6 — *)/(1 — 2), x/(1 — %), and h/(1 — %) respectively. The total polarisation is 

Py = P,(a — *) + Pa(b — x) + Px* + Pah (cf. equation 8) 
From the mixture law, the polarisation of the mixture of A, B, and AB is (Py — Pgh) /(a + 5) 
or, Q = [Pala — *) + Pa(b — *) + Px*]/(a + 0) 
By a similar calculation, if no compound were formed at all, 
2 P = (P,4a + Pxb)/(a + 0) 
so that Q—P=R= (Px — Py — Pzg)*/(a + 0). 
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over sodium, and distilled from sodium in dry air as required. Diisopropyl ether was shaken 
with potassium permanganate until the colour was no longer discharged (to remove the explosive 
peroxide) and then treated in the same way as diethyl ether. Triethylamine was dried over 
potassium hydroxide, from which it was distilled in dry air as required. Its solutions were 
placed in a desiccator immediately after preparation, as the amine is very hygroscopic. Nitro- 
methane was refluxed for several hours in dry air until the smell of hydrogen cyanide was very 
faint. It was then allowed to stand over calcium chloride, and was distilled from phosphoric 
oxide through a plug of glass wool as required. 

Results.—In the tables, f, = molar fraction of solute; ¢ = dielectric constant; d = density; 
P = total polarisation, Q, = apparent polarisation of solute when that of solvent is taken to 
be the same as in the pure liquid. 


TABLE I. TABLE II. 


Dilute Chloroform in Diethyl Ether at 0°. Dilute Diethyl Ether in Chloroform at 0°. 


€. d, P. Q.- 7 €. d. P. Q>- 

4-7110 0-7342 55-794 — . 5-1608 1-5230 45-549 — 
4-8303 0-7491 56-220 74-8 . 5-2651 1-5093 46-190 90-7 
4-9370 0-7632 56-531 73-0 . 5-2616 1-5091 46-177 89-7 
4-9989 0-7725 56-715 71-8 . 5-3929 1-4887 47-015 87-1 
0-08626 5-1261 0-7919 57-046 70°3 . 5-5183 1-4659 47-868 85-5 
0-09392 5-7727 1-4340 49-122 83-6 


TABLE III. TABLE IV. 


Dilute Chloroform in Diisopropyl Dilute Diisopropyl Ether in 
Ether at 25°. Chloroform at 25°. 


000000 3-8658  0-7194 69-345 4-7250 1-4812 44-647 
001974 39511 00-7276 69-824 . 4-7910 1-4676 45:537 
005386 40126 0-7346 70-048 4 4-8428 1-4534 45-981 
0-08569 4-2380 0-7604 70-714 , 4-9380 1-4373 46-903 
0-12304 44006 0-7791 71-083 3°5 


TABLE V. TABLE VI. 


Dilute Chloroform in Dtisopropyl Dilute Diisopropyl Ether in 
Ether at 0°. Chloroform at 0°. 


000000 43303 0-7437 72-232 00000 5-1608 15230 45-549 
004239 45765 0-7648 73-127 4 5-3281 1-4980 46-930 
0-06578  4-7086 0-7770 73-459 “ 5-4169 1-4841 47-682 
014239 §=65-1451 =: 00-8171 74-244 5-6744 1-4418 49-951 


TABLE VII. TABLE VIII. 


Dilute Chloroform in a Mixture of Diiso- Dilute Diisopropyl Ether in a Mixture of 
propyl Ether (78-99%) and Benzene at 25°. Chloroform (77-67%) and Benzene at 25°. 


000000 3-5529 0-7430 60-057 000000 3-9365 1:3331 40-875 _— 

001110 3-5994  0-7482 60-377 p 001116 3-9948 13277 41-572 1033 
002293 3-6489 0-7544 60-648 , 002305 4-0582 13113 42-334 104-2 
0-04201 3-7241 00-7636 61-077 , 0-03255 4-1106 11-3015 42-985 105-7. 
0-06751 38196 0-7764 61-511 M 0-04367 41678 1-:2917 43-662 104-7 


TABLE IX. 
Dilute Solution of a Mixture of Chloroform (37-54%) and Diisopropyl Ether in Benzene at 25°. 


(f, is the molar fraction of mixture, calculated from its mean molecular weight, and Q, is the corre- 
sponding polarisation; Po is the calculated polarisation on the assumption that no compound is formed, 
and R is the difference, Q, — Po.) 

€. d. P. Q.. Po. 
2-2727 0-8740 26-601 —_ — 
2-3189 0-8757 27-477 62-95 63-0 
2-3903 0-8783 28-787 64-01 62-6 
2-4950 0-8825 30-679 64-75 62-2 
2-5916 0-8843 32-373 65-42 61-9 
0-16895 2-6389 0-8857 33-191 65-61 
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TABLE X. 


Dilute Solution of a Mixture of Chloroform (47-17%) and Triethylamine in Benzene at 25°.* 


0-00000 2-2727 0-8743 26-591 — 

0-02353 2-2999 0-8770 27-160 50-79 84 
0-05020 2-3324 0-8799 27-829 51-25 8- 
0-09970 2-4010 0-8858 29-177 52-53 7: 
0-18645 2-5413 0-8956 31-791 54-48 7: 


TABLE XI. 


Dilute Solution of a Mixture of Chloroform (35-72%) and Nitromethane in Benzene at 25°. 


0-00000 2-2727 0-8742 26-594 _ _ 

0-05188 2-7720 0-8896 32-662 143-56 143-4 
0-10583 3°3140 0-9044 37-775 132-24 131-0 
0-14676 3-8490 0-9220 41-531 128-46 120-2 
0-24726 5-0959 0-9559 47-702 111-96 106-2 


TABLE XII. TABLE XIII. 


Polarisation of Chloroform in Chloroform- Polarisation of Diisopropyl Ether in Dtiso- 
Benzene Mixtures at 25°. propyl Ether-Benzene Mixtures at 25°. 


(f, = molar fraction in chloroform, and P, . €. d. P. P;. 

its polarisation.) . 22727 0-8742 26594 — 
ofa oie * fen Gi fee Bat Fe 

, : : aie ; 2-5102 0-8464 . ‘ 

oat ao + 2:5402 0:8420 32-808 70-81 
2-9148 1-0678 33-871 Mu ° 2-6578 0-8307 35-566 70°13 
3-1697 1-1406 35-714 ’ 7 2-7645 0-8182 38-297 69-49 
3-8940 1-3235 40-535 ’ le 3-0487 0-7909 45-556 69-07 
4-7250 1-4812 44-647 . | 3-1423 0-7804 48-307 68-60 
3-3666 0-7598 54-621 68-58 
3-8672 0-7194 69-114 69-11 


TABLE XIV. TABLE XV. 


Polarisation of Triethylamine in Triethyl- Polarisation of Nitromethane in Nitro- 
amine—Benzene Mixtures at 25°. methane—Benzene Mixtures at 25°. 


0-00000 2-2727 0-8741 26-597 —_ 0-00000 . 2-2727 0-8742 26-594 _ 

0-08692 2-2939 08585 27-954 46-53 0-:06563 3-1866  0-8847 36-659 179-96 
0-22058 2-3317 0-8288 30-839 45-89 0-13509 4-2356 0-8961 43-866 154-45 
0-32388  2-3497 0-8101 32-758 45-66 0-14406 4:3718 00-8974 44-581 151-46 
0-74884  2-4000 0-7507- 40-404 45-03 0-16842 4:7763 0-9017 46-465 144-58 
100000 2-4191 0-7248 44-805 44-80 0-16901 4-7906 0-9020 46-522 144-51 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, August 3rd, 1938.] 





325. Catalytic Properties of the Phthalocyanines. Part I. 
Catalase Properties. 


By A. H. Cook. 


The ability of pigments of the metal phthalocyanine class to catalyse the decomposi- 
tion of hydrogen peroxide has been investigated. Iron pigments were'shown to be out- 
standing in this respect, the effect having been studied quantitatively in 75% pyridine 
solution and in aqueous suspensions of the pigments deposited on carriers. The 
influence of physical variables (pg, poisons, etc.) was examined, amd the results 
compared with iron-porphyrin catalyses and others of biochemical interest. 


ALTHOUGH catalysed reactions in organic chemistry are frequently encountered, organic 
catalysts of known and easily varied constitution are, with the exception of organic bases, 


* The curve for R in the triethylamine—chloroform system does not cut the polarisation axis at 0 
for zero concentration. This is probably due to the fact that the chloroform contained a very slight 
amount of hydrogen chloride which would give a highly polar ion-pair when mixed with triethylamine, 
so that all the polarisation values obtained for the mixture will be higher oy a roughly constant amount 
than the calculated values, apart from any compound formation. 
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comparatively rare. The phthalocyanines and related compounds provide a series of 

“pigments combining organic character with the stability of inorganic compounds, and it 
appeared of interest to investigate how far typical metal-ion catalysts preserve or modify 
their catalytic properties on entering the phthalocyanine nucleus, and how far the peculiarly 
stable organic superstructure can contribute activity of its own. In particular, the formal 
structural relationship between phthalocyanines and porphyrins made it desirable, in view 
of the known catalytic properties of iron-porphyrins as exemplified in some enzymes such 
as catalase, etc., to establish the presence or absence of phthalocyanine parallels to the 
biological oxidations, oxidation-reductions, etc. 

The present paper deals therefore with the catalase activity of phthalocyanines and 
related compounds. 

The ability to catalyse the decomposition of hydrogen peroxide is possessed to varying 
but generally very small extents by many metallic compounds, ¢.g., simple salts of copper, 
tungsten, complex salts (K. and Y. Shibata, “‘ Katalytische Wirkungen der Metallkomplex- 
verbindungen,” Tokio, 1936, 32). The outstanding, but still quite small, activity of many 
simply constituted iron compounds, well known through the work of Warburg, Kuhn, 
Krause, and others, is surpassed by that of certain organic complexes of iron such as those 
of a«’-dipyridyl and o-phenanthroline. (Kuhn and Wassermann, Annalen, 1933, 503, 203), 
and particularly those of hemin and its complexes (Stern, Z. physiol. Chem., 1933, 215, 35) 
and other iron compounds of the porphyrin group (Kuhn and co-workers, Ber., 1926, 59, 
2370; 1927, 60, 1151). 

Although the slight solubility of the phthalocyanines has precluded a complete survey 
of the catalatic activities of all known metallic phthalocyanines in homogeneous solution, 
it has been possible to establish the very considerable activity of the bi- and ter-valent iron 
phthalocyanines (I and II) in 75% pyridine solution, (II) being somewhat less active. 
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(I, M = Fe; II, M = FeCl.) (III, M = Fe; R = Ph.) 


In view of the marked solubility in organic solvents of the octaphenyltetrazaporphins 
(octaphenylporphyrazines) recently synthesised in these laboratories (Cook and Linstead, 
J., 1937, 929), the bivalent iron representative of the series (III) was prepared in the 
expectation that it would prove sufficiently soluble to enable its catalytic properties in 
dilute aqueous organic solvents to be studied. The new compound, however, had no 
advantage in this respect over the phthalocyanines, although possessing comparable 
catalytic activity. (Ferrous octaphenyltetrazaporphin is a compound of unusual interest 
in other ways and will form the subject of a separate paper.) Ability to catalyse the 
decomposition of hydrogen peroxide under similar conditions was not detectable (.e., any 
activity was certainly less than 1% of that of the iron compounds) in those cases where 
sufficient solubility made examination possible (magnesium, beryllium, zinc, chloro- 
aluminium, and metal-free phthalocyanines; magnesium, copper, copper chloro- and 
metal-free octaphenyltetrazaporphins; magnesium octanitrophenyltetrazaporphin; a- 
and @-magnesium naphthalocyanine, and magnesium thionaphthalocyanine). Only with 
cobalt and chromium phthalocyanines was feeble activity apparent, and in these cases the 
slow decomposition was accompanied by slow degradation of the pigment. 

The catalytic activity discussed here, therefore, has its ultimate origin in the central 
metal atom (iron) and not in the organic superstructure, and thus has no connection with 
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the hydrogen-activating properties of the phthalocyanine ring system discovered by 
Polanyi and his co-workers (Trans. Faraday Soc., 1936, 32, 1436). 

Although completely insoluble in water, the iron compounds had an activity in absence 
of organic solvents, as was demonstrated by supporting them on inactive or only slightly 
active materials. For instance, deposits of 1% of iron phthalocyanine on barium sulphate 
were quantitatively equivalent to an equal quantity of iron complex in 75% pyridine 
solution under similar temperature conditions, whilst the activity on silica gel was some- 
what less; possibly the physical nature of this support prevents utilisation of that part of 
the catalyst embedded in the granules, but it is equally likely that the effect is due to a 
specific action of the silica gel. 

When the catalyst was supported on a wood charcoal of low catalatic activity, its 
activity—always calculated for comparative purposes on the basis of the iron-complex 
content—was increased 8—10 fold under similar physical conditions. This phenomenon 
was exhibited by iron octaphenyltetrazaporphin also. Supernorite was unsuitable for these 
experiments as it possessed considerable catalatic activity before treatment with pigment. 
For instance, whereas 400 mg. of wood charcoal decomposed only 6-5% of the hydrogen 
peroxide in 50 c.c. of N/40-solution during 120 mins., a similar quantity of supernorite 
decomposed 30% of a like quantity of hydrogen peroxide in 30 mins. When 4 mg. of iron 
phthalocyanine or an equivalent quantity of iron octaphenyltetrazaporphin were deposited 
on the supernorite or charcoal, the hydrogen peroxide suffered over 95% decomposition 
within 5 mins. 

The pigments were generally deposited on the carriers by precipitation with ice-water of 
solutions in concentrated sulphuric acid. This treatment is attended by little danger of 
decomposition in the case of the iron compounds, for these are particularly stable to acids— 
iron phthalocyanine has so far resisted all attempts to remove the metal whilst leaving the 
superstructure intact. The primary product of such treatment is a pigment-sulphuric 
acid compound recognisable by a green or red colour in the cases of iron phthalocyanine or 
octaphenyltetrazaporphin, respectively, and possessing considerable stability even to hot 
water. The catalatic activity of such deposits was, however, quite independent of this 
combined acid, and altered only very slightly when the deposit was converted into one of 
the free pigment by treatment with alkali. 

Catalysts of an order of activity comparable with the sulphuric acid deposits on charcoal 
were prepared by dissolving iron phthalocyanine in quinoline containing charcoal in 
suspension, and then removing the base by distillation in steam. This procedure was not, 
however, generally adopted, for the pigménts tended to separate as a scum rather than as a 
uniform deposit. Among other phthalocyanines possessed of sufficient stability towards 
sulphuric acid to allow deposition on charcoal by the above method, none was found to 
have any marked activity, although the deposits were always more active than either 
charcoal or the pigments alone—400 mg. of charcoal deposits containing 4 mg. of pigments 
(zinc, platinum, nickel, copper, vanadium phthalocyanines) decomposed 12—15% of 50 c.c. 
of n/40-hydrogen peroxide during 120 mins. 

Finally, the catalatic activity of a water-soluble monosulphonated iron phthalocyanine 
was examined. Although apparently possessing considerable ‘‘ potential ’’ activity, its 
decomposition of hydrogen peroxide quickly ceased owing to oxidation of the catalyst itself. 

When iron phthalocyanine is brought into 75% pyridine solution with hydrogen 
peroxide, the decomposition of the latter is accompanied by slow oxidation of the pigment, 
the solution passing through an intermediate green phase and becoming ultimately colour- 
less. The same is true of chloro-iron phthalocyanine and iron octaphenyltetrazaporphin, 
but it is remarkable that slightly active pigments (e.g., of chromium) are only slowly 
decomposed, whilst catalatically inactive pigments are indefinitely stable towards hydrogen 
peroxide. In homogeneous solution, only when hydrogen peroxide is being decomposed 
is the pigment destroyed, this generalisation holding also for the sulphonated iron 
phthalocyanine, although here sulphonation has resulted in a shortening of the catalytic 
‘‘ working life.’’ Attention may be directed to the similar behaviour of hemin (Haurowitz, 
Enzymologia, 1937, 2, 9; 4, 139). There appears to be no invariable stoicheiometric 
relation between the amounts of hydrogen peroxide decomposed and of phthalocyanine 
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oxidised, and indeed no decomposition of iron phthalocyanine deposited on charcoal was 
observed, the pigment being extracted in apparently undiminished quantity by organic 
solvents even after prolonged contact with decomposing hydrogen peroxide solutions. 

There is strong evidence that a major part of the decomposition is effected by the 
phthalocyanine itself, or by a peroxide or oxygen addition product, and not merely by a 
simple oxidation product such as colloidal iron oxide. Although it is true that, as with the 
iron porphyrins and most enzymes, the active catalyst slowly disappears during reaction, 
yet the brown solution obtained by treating the blue iron phthalocyanine under mild 
conditions with hydrogen peroxide in relatively concentrated pyridine solution, which 
contains no unchanged phthalocyanine, returns to the blue colour of the pigment and again 
exhibits the spectrum of iron phthalocyanine on addition of reducing agents (aqueous 
sodium hyposulphite, hydrazine, etc.) (excess of reducing agent must be avoided, as the 
pigment itself is further reduced to a leuco-compound). When reaction with hydrogen 
peroxide is allowed to proceed with vigour, the phthalocyanine is irreversibly oxidised and 
catalatic activity practically disappears. The products are iron oxide, phthalimide, and an 
ill-defined complex of iron with organic material. The formation of oxygen or peroxide 
addition products, catalytic decomposition of hydrogen peroxide, and peroxydatic 
destruction of the pigment itself are thus features of the phthalocyanine reaction parallel 
with that of hemin (Haurowitz, loc. cit.; cf. also Keilin and Hartree, Proc. Roy. Soc., 
1938, B, 124, 397). 7 

The action of all the above catalysts is subject to a number of influences. There was 
approximate proportionality between decomposition and quantity of any one catalyst 
preparation when compared under standard conditions, this statement applying both to 
homogeneous reactions in 75% pyridine and to heterogeneous reactions using deposits of 
the pigments on carriers. A given weight of iron phthalocyanine, however, when deposited 
on charcoal, exhibited increasing activity as the ratio charcoal : pigment increased from 
66 : 1 to 200 : 1, the activity then decreasing with further ‘‘ dilution’’ of pigment. These 
deposited charcoal catalysts slowly lost their enhanced activity on keeping in air; ¢.g., 
although there was no noticeable deterioration over a few days, the activity of a 1: 100 
deposit of iron phthalocyanine fell to 35—40% of its original value after 8 weeks. Moderate 
changes of temperature had but a small effect on the activity of the catalysts; ¢.g., over 
the range 0—20° the % decomposition of 100 c.c. of N/80-hydrogen peroxide by 2 mg. of 
iron phthalocyanine deposited on 198 mg. of wood charcoal was practically unchanged over 
a moderate period, although there was a marked effect on the decomposition-time curve 
in the sense that an initial short period of great activity was less pronounced at the higher 
temperature. All of the iron catalysts are very sensitive to cyanide ions, as shown by two 
series of experiments : 

(a) 50 C.c. of y/40-hydrogen peroxide in pyridine + 4 mg. of iron phthalocyanine in 
10 c.c. of pyridine + potassium cyanide added in 1 c.c. of water, at 17-5° : 


KCN, 1-26m x 10-* 10-5 10-* 105 10% 
Decompn., %, in 60 mins 59 67 62 13 10 


(6) 100 C.c. of n/80-hydrogen peroxide in water + 200 mg. of iron phthalocyanine- 
wood charcoal deposit (1 : 100) + potassium cyanide in 5 c.c. of water, at 0° : 


10” 10* 10-6 10-* 10% 
Decompn., %, in 60 mins. 71 66 39 32 29 


Although cyanide exerts a steadily increasing inhibiting effect on the charcoal deposits, 
very small amounts have a stimulating action on the homogeneous catalyses in pyridine 
solution, but larger amounts have an inhibiting action. The above experiments indicate 
that the stimulating action is greatest at a cyanide concentration corresponding to 
approximately one CN radical for each atom of iron (pigment concentration 7 x 10-m). 
The increased activity in presence of minimal quantities of catalyst poison has been noticed 
in other cases (Part II), and is not uncommon among catalyses of this type; ¢.g., increasing 
quantities of mercury vapour have a similar effect on the catalytic activity of yeast 
(Floresco, Chem. Zenir., 1936, i, 2959). In other respects the sensitivity of the iron 
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phthalocyanine preparations is broadly comparable with that of iron porphyrins and related 
enzymes : ; 
Concn. (mM) of CN required to 
Catalyst. reduce activity by 50%. 

Iron phthalocyanine in pyridine 5 x 10° 

Iron phthalocyanine on charcoal (1 : 100) 1 x 10°5 

Hematin } 1 x 10°° 

Catalase ? 8 x 10°’ 

Oxygenase ° 10-°*—10~ 

Peroxidase 4 5 x 10°* 


1 Krebs, Biochem. Z., 1929, 204, 322; * Zeile and Hellstrom, Z. physiol. Chem., 1930, 192, 171; 
% Warburg, Ber., 1925, 58, 1001; * Wieland and Sutter, Ber., 1928, 61, 1066. 


As iron octaphenyltetrazaporphin yields a well-defined complex with pyridine, it is 
probable, in view of the unusual solubility of iron phthalocyanine in this solvent, that a 
similar complex is present in solution in this instance also, and that the true catalyst in the 
above partly poisoned catalysts in pyridine solution is a pyridine-cyanide complex 
analogous to the pyridine-cyanide hemochromogens of the blood-pigment series. 

The rate of decomposition is markedly affected by moderate changes in py : 

50 C.c. of N/40-hydrogen peroxide iri water + 55 c.c. of water containing a measured 
quantity of acid or alkali were treated with 200 mg. of iron phthalocyanine deposited on 


charcoal (1 : 100) at 0°: 
H,SO,, mols. NaOH, mols. 








Addition ‘0-05 0-005 00005 0 0001 O01 OD 
Decompn., %, in 10 mins. 74 55 33 87 87 65 


Bredig and v. Berneck (Z. physikal. Chem., 1899, 31, 258) observed that addition of 
increasing quantities of sodium hydroxide to colloidal platinum decomposing hydrogen 
peroxide first raised then lowered the activity, as is the case with the natural ferment, but 
it is questionable whether the present results are directly significant, for the effects are 
almost certainly complicated by unknown adsorption effects, so that the #, of the bulk 
of the solution would bear no simple relation to that at the catalyst surface (cf. Sihvonen, 
Suomen Kem., 1937,10, B, 25). The mild poisoning action of some added buffers (phosphate 
and acetate) is, on the other hand, probably a direct specific action such as is exerted on the 
catalase activity of other iron catalysts, e.g., hemin (Kuhn and co-workers, Ber., 1926, 
59, 2370; 1927, 60, 1151). 

The catalysis in homogeneous solution is of an apparently unimolecular order, although 
with very dilute solutions decomposition over a relatively short range (30—50%) is for 
practical purposes proportional to the time. Similar remarks apply to catalysis by deposits 
of iron phthalocyanine on barium sulphate or silica gel. Charcoal deposits, however, 
invariably exhibited an abnormally high initial activity, which soon fell to a steady rate, 
a property, though usually in much smaller degree, of catalytic charcoals in general (King, 
J., 1936, 1688). A similar phenomenon is observed with other iron catalysts, and Kuhn 
and Wassermann (Amnalen, 1933, 503, 203) have obtained good evidence that in one 
instance, at least, viz., the addition of ferric sulphate to ««’-dipyridyl solution, the abnormal 
catalatic behaviour is due essentiaily to an active intermediate in the reduction of the 
ferric complex to the ferrous state by hydrogen peroxide. Hence, it is possible that a 
ferrous—ferric change is partly responsible for the present phenomenon, although the close 
similarity between ferrous and ferric phthalocyanines makes experimental verification of 
this hypothesis somewhat difficult. The ‘‘ Katalasestoss ’’ is, moreover, a phenomenon 
exhibited by many heavy-metal catalysts where formal valency changes can hardly be 
postulated. 

Of the many compounds able to catalyse the decomposition of hydrogen peroxide, 
some have been studied as models of the catalase enzyme (Morgulis, Ergebn. Phystk, 
Ascher-Spiro, 1924, 28, i, 308; Fischer, see Oppenheimer, “‘ Die Fermente,’’ 1927, ITI, 
1115, and Supplements, Pts. 7, 8), but in consequence of the recognition of iron-porphyrin 
complexes in this and other enzymes, the catalatic properties of these pigments have 
received increased attention. Although other iron-porphyrins, ¢.g.; meso- and deutero- 





1766 ‘Cook : Catalytic Properties of the 


hemin (Euler, Nilsson, and Runehjelm, Svensk Kem. Tidsk., 1929, 41, 85; Zeile, Z. physiol. 
Chem., 1930, 189, 127) possess similar activity, hemin is exceptional because of its relative 
stability towards hydrogen peroxide (Kuhn and Brann, Joc. cit.), but it is noteworthy 
that in all cases, as with the phthalocyanines, the catalyst becomes inactivated, by 
complete degradation or otherwise. 

In the porphyrin series, the dependence of the absolute magnitude of catalytic activity 
on slight changes in constitution is a marked factor, e.g., the activities of meso- and 
deutero-hemin are 30 times that of hemin (Kuhn and co-workers, Ber., 1927, 60, 1151; 
Euler, Nilsson, and Runehjelm, Joc. cit.). Among the phthalocyanines, sulphonation 
results in greatly increased vulnerability towards hydrogen peroxide and lessening in 
catalytic action. Again, a sensitivity towards specific poisons is shared by both classes 
of compounds, and both hemin and iron phthalocyanine are enabled to decompose more 
hydrogen peroxide when deposited on charcoal, whilst they remain unaffected or even 
enfeebled on other carriers (Kuhn and Wassermann, Ber., 1928, 61, 1550). Organic bases 
have a variable but generally accelerating effect on the catalytic activity of iron-porphyrins 
(Langenbeck, Hutschenreuter, and Rottig, Ber., 1932, 65, 1750), an effect due to the 
formation of parahemochromogens, and it is probable that the catalysts in the present 
homogeneous experiments are hemochromogen analogues. 

The similar activities of the iron porphyrins and the present pigments suggest that it is 
the co-ordinative association of the iron atom with four pyrrole nitrogen atoms which 
gives rise to potentially catalytically active compounds, the absolute magnitude of the 
activity being dependent to a small extent on other structural factors. The fact that the 
fate of the iron pigments varies with the experimental conditions (solution or deposit) 
makes it likely that the oxidation of the pigment is a side reaction, and that the effects 
recorded are, to a preponderating extent at least, the result of catalysis by the pigments 
themselves rather than by active intermediates. 


EXPERIMENTAL. 

Materials, etc.—Hydrogen peroxide was prepared by diluting Merck’s perhydrol with water 
or water and pure pyridine. 

The pigments, except sulphonated iron phthalocyanine, were crystallised, and where possible, 
were sublimed specimens, most of which were kindly provided by Dr. R. P. Linstead. Iron 
phthalocyanine was inert towards sulphonating agents (chlorosulphonic acid in chloroform, or 
sulphuric acid at a high temperature), and was only finally sulphonated by heating it (400 mg.) 
with excess of chlorosulphonic acid (5 g.) at 100° for 5hrs. The product was isolated by dilution 
with water, filtered off, washed with a moderate quantity of water, redissolved in dilute aqueous 
ammonia, and the filtrate evaporated to small bulk. The free acid then separates as a micro- 
crystalline scale, slightly soluble in water, more soluble in dilute alkali. It is substantially a 
monosulphonic acid (Found: S, 463%; N, 16-95. C,,H,,O,N,SFe requires S, 4-94; 
N, 17-27%). Spectrum: Band maxima in dilute aqueous ammonia, 6900 a. (v. weak), 6320 a. 
(v. broad). 

Catalysts in homogeneous solution were added as solutions of known concentration in 75% 
pyridine (usually 20 mg. in 50c.c.). Catalyst deposits were prepared by precipitating a solution 
of pigment in concentrated sulphuric acid (20 mg. in 40 c.c.) with ice-water (this procedure is 
obviously only applicable to those pigments which are unaffected by sulphuric acid). Carriers 
such as silica gel and charcoal were stirred with the acid prior to precipitation. When barium 
sulphate was employed, the acid solution was rapidly diluted with an aqueous solution of a 
known weight of barium chloride (e.g., precipitation of a solution of 20 mg. of pigment with 
4-166 g. of barium chloride dihydrate yielded a catalyst containing 1 part of pigment deposited 
on 200 parts of barium sulphate; addition of pigment solution to aqueous barium chloride was 
less successful). A pure wood charcoal was used (ash, 4-6; Fe, 0-01%). 

The fate of the catalyst is indicated by the following experiment. 

100 Mg. of iron phthalocyanine were dissolved in 50 c.c. of pyridine, and 3 c.c. of perhydrol 
added. An immediate and vigorous decomposition, moderated by cooling with water, set in, 
the blue colour giving place to deep brown. Further quantities of 100 mg. of phthalocyanine 
were added with perhydrol as required so that eventually 1 g. of the former and 15 c.c. of per- 
hydrol had been used. Further additions of perhydrol were decomposed only slowly. The 
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solution was kept overnight and evaporated in a vacuum at 50°. The residue was diluted with 
75 c.c. of chloroform, and a chocolate-brown, insoluble residue filtered off, washed, and dried 
in a vacuum (0-55 g.). -The iron in this product was partly associated with organic material and 
soluble in hot pyridine, and partly inorganic, but possessed no appreciable catalatic activity. 
The filtrate was passed through a 20-cm. column of activated alumina (2 cm. diam.), and the 
chromatogram washed with chloroform. The coloured zones (in order of decreasing adsorption : 
brown, 7 cm.; olive-green, 0-5 cm.; blue-green, 4 cm.) were eluted separately with chloroform 
containing a little pyridine. The two lowest zones yielded only minute amounts of iron 
phthalocyanine, formed by spontaneous decomposition of the primary peroxide or oxygen 
addition product (the presence of two zones is possibly to be ascribed to the adsorption of a 
pyridine addition product). The third elutrate yielded 260 mg. of phthalimide, m. p. and mixed 
m. p. 231—233°. 

The course of decomposition of hydrogen peroxide was normally followed by titration with 
potassium permanganate. 5 C.c. portions were withdrawn from the reaction flask and titrated 
with n/100-potassium permanganate, the solutions in 75% pyridine being first diluted with 
8—10 vols. of water and treated with 25 c.c. of ice-cold 20% sulphuric acid. In the case of 
deposits of catalyst, these were first rapidly filtered from 5 or 10 c.c. portions and washed at the 
pump (filtration through paper was adopted, as the use of sintered glass led to variable results), 
and the filtrate then acidified and titrated. Mechanical stirring secured uniform suspension 
in heterogeneous catalyses. 

The following are typical figures for homogeneous reactions : 

50 C.c. of 0-030N-hydrogen peroxide in 75% pyridine. The titration figures refer to 
hydrogen peroxide decomposed in 5 c.c. portions in terms of n/100-permanganate at 0°. 


Catalyst. 
0-8 Mg. of iron phthalocyanine in sTime (mins.) ......... 15 30 60 105 195 
10 c.c. of 75% C,H,N Titration .. 0-25 0-40 0-75 1-50 3°45 
4:0 Mg. of iron phthalocyanine in {Time (mins.) ......... 15 30 45 75 120 
10 c.c. of 75% CsH,N Titration 1-45 3-20 4-70 6-75 8-50 
4:0 Mg. of chloroiron phthalo- {Time (mins.) ......... 15 30 45 75 120 
cyanine in 10 c.c. of 75% C,H;N \ Titration . 1-65 2-85 5-00 6-60 
4:0 Mg. of chromium phthalo- Time (hrs.) 140 
cyanine in 10 c.c. of 75% C,H;N \ Titration . 3-65 
4:0 Mg. of iron octaphenyltetraza- f Time (mins.) ......... 15 30 60 
porphin in 10 c.c. of 75% C,H,N \ Titration ° 1-85 3°15 


In all cases where catalysis occurred, the pigment disappeared. With cobalt, as with 
chromium, the disappearance was only slow and paralleled by the catalysis itself. With 
sulphonated iron phthalocyanine, disappearance was rapid, and the total catalytic effect only 
small, Beryllium phthalocyanine apparently exerted a slight effect, but as the pigment in 
these experiments was always slowly precipitated, possibly as a compound with hydrogen 
peroxide, the apparent catalysis was almost certainly a phenomenon of a different kind. In 
no other case where sufficient solubility permitted examination was any catalysis detected. 

The following are illustrative of deposited catalysts : ' 

50 C.c. of n/40-hydrogen peroxide + 55 c.c. of water at 0°. In each case a quantity of 
catalyst preparation containing 2 mg. of pigment was added, and the titres are those of 10 c.c. 


portions by n/100-permanganate. 


Catalyst. 
Iron phthalocyanine on wood {i (mins.) 7 
charcoal, 1 : 400 Titration 3-30 


Iron phthalocyanine on wood f Time (mins.) 10 
charcoal, 1 : 200 Titration ° 6-75 


Iron phthalocyanine on wood (jon (mins.) 10 
charcoal, 1: 100 Titration , 5-35 


Iron phthalocyanine on wood f Time (mins.) 10 
charcoal, 1 : 66 pe eer aiaa : 
400 Mg. of wood charcoal {Tae 


Iron octaphenyltetrazaporphin was similarly active, but deposits of zinc, platinum, copper, 
nickel, or vanadium phthalocyanines were inactive. 
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Experiments with other carriers, poisoning agents, etc., were carried out as described in the 
introduction. 

The titrimetric experiments were in most instances checked by gasometric measurements 
with an apparatus consisting of a gas burette inside which the pressure could be rapidly adjusted 
by raising of lowering a reservoir filled with the manometric liquid. The upper part of the 
burette connected through a three-way tap and flexible tubing with a reaction flask, inside 
which the catalyst was suspended in an open glass tube out of contact with the hydrogen peroxide 
solution until equilibrium was attained. The reaction flask was shaken mechanically during 
each experiment. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, August 5th, 1938.) 





326. Catalytic Properties of the Phthalocyanines. Part II. 
Oxidase Properties. 


By A. H. Cook. 


Pigments of the iron phthalocyanine type have been shown to be distinguished by 
their ability to function as oxygen carriers. Typical oxidations, e.g., of hydrogen 
iodide, unsaturated compounds, and aromatic chromogens were observed qualitatively, 
and the catalysed oxidation of benzaldehyde was studied quantitatively, in presence 
of both free pigments and deposits on inorganic carriers. The results are discussed 
from the theoretical and the biochemical aspect. 


As indicated in Part I, the unique nature of the metallic phthalocyanines and their formal 
relationship with the porphyrin group made it of interest to investigate how far the oxidative 
properties of iron (and possibly of other metals) under mild conditions, as modified by 
association with the porphyrin structure, are shared by the analogous phthalocyanine 
complexes. 

The important réle of iron in biological oxidative processes (Ando, Biochem. J. Japan, 
1928, 9, 187, 201) and other (e.g., proteolytic) actions (Michaelis and Stern, Biochem. Z., 
1931, 240, 192; Maschmann and Helmert, Z. physiol. Chem., 1935, 231, 51), as well as the 
occurrence of iron-porphyrin complexes as the prosthetic groups of oxidative enzymes 
(Bertho, Chem.-Zig., 1935, 59, 953), makes information on the dependence of the catalytic 
activity of iron on the nature of its chemical combination particularly desirable. 

Oxidations effected by oxygen in presence of inorganic iron compounds have been 
studied by many workers, both from a biochemical standpoint (e.g., Neuberg, Biochem. 
Z., 1908, 13, 305 ; Baudisch, Chem. Rev., 1934, 15, 1; Hill, J. Biol. Chem., 1931, 92, 471, etc.), 
and with the object of clarifying the mechanism of such reactions (see below). The early 
observations of Robinson (Biochem. J., 1924, 18, 255) on the catalytic effect of hemin, 
methemoglobin, and hemoglobin on the autoxidation of linseed oil, and of Harrison 
(Biochem. J., 1924, 18, 1009; cf. Warburg and Negelein, Biochem. Z., 1928, 200, 414) on 
the autoxidation of cysteine were extended to the catalytic oxidation of many unsaturated 
compounds by Kuhn and Meyer (Z. physiol. Chem., 1929, 185, 193), who established the 
heavy-metal catalytic nature of at least part of the autoxidation of benzaldehyde and the 
ability of hemin to function as a catalyst (Naturwiss., 1928, 16, 1028; J. Biol. Chem., 
1933, 103, 25). 

Bi- and ter-valent iron phthalocyanines (I and II), iron octatetrazaporphine (III) 
(see Part I, p. 1762), and to a more limited extent a water-soluble monosulphonated iron 
phthalocyanine, are now shown to be outstanding in their ability to catalyse oxidations by 
molecular oxygen under mild conditions. Neither free phthalocyanine nor any of 28 other 
metal phthalocyanines examined under the most favourable conditions (oxidation of 
benzaldehyde) exhibited any considerable catalytic property. 

Among inorganic compounds, potassium iodide is easily oxidised under the influence 
of the above iron complexes, although it was only possible to examine the water-soluble 
iron phthalocyanine in homogeneous aqueous solution. When exposed to air, potassium 
iodide solution (10 c.c.) with added starch became coloured a rich blue within 30 mins. 
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after addition of 0-1 mg. of the sulphonated catalyst, although in buffered or unbuffered 
solutions the effect was small and was accompanied by disappearance of the pigment by 
self-induced autoxidation (see below). 

A number of unsaturated aliphatic compounds (e.g., oleic acid) in benzene or aqueous 
solution or suspension, when shaken in air or oxygen with a little of one of the above 
amorphous pigments, showed a marked uptake of oxygen, accompanied by oxidation of the 
phthalocyanine as shown by the appearance of a brown coloration in place of the blue-green. 
The uptake of gas for each molecule of pigment (observed under arbitrary but standardised 
conditions) was greatest, but relatively slowest, in the case of iron octaphenyltetrazaporphin, 
intermediate with the phthalocyanine, and small but rapid with the sulphonated iron 
phthalocyanine. 

Polyphenols and aromatic chromogens generally undergo ready oxidation in air in 
presence of iron pigments of the phthalocyanine type; ¢.g., solutions of pyrogallol were 
rapidly oxidised, and again the behaviour of the sulphonated compound was noteworthy 
(see below). 

As polyphenolase models are usually non-specific and active as indophenolase models 
(e.g., complex cobalt salts, K. and Y. Shibata, “‘ Katalytische Wirkungen der Metallkom- 
plexverbindungen,” 1936, p. 10), it was to be expected that the sulphonated pigment 
(which alone was examined, since the necessary use of pyridine when testing other pigments 
invalidated the result) would be active in this respect also: weakly alkaline solutions 
containing equivalent quantities of #-phenylenediamine and «-naphthol developed the 
indophenol colour within 5 mins. in presence of this pigment, air in solution functioning 
as an oxidising agent. 

The self-induced autoxidation of these pigments was more closely studied with reference 
to the sulphonated catalyst, as the phenomena were more readily demonstrated in this case. 
Buffered quinol solutions containing this catalyst and freely exposed to air became oxidised 
to a limited extent, the pigment disappearing; e¢.g., 0-2 mg. of catalyst in 4 c.c. of very 
dilute alcohol at Jy 4-6 (acetate) is stable indefinitely alone, but fades to an almost impercept- 
ible green solution within 1 min. on addition of 7 mg. of quinol, and simultaneously, a 
measurable amount of benzoquinone, approximately equivalent to the quantity of catalyst 
employed, appears : 

Units of catalyst used 2 3 4 6 8 10 
Benzoquinone formed 1-35 2-1 2-7 3:5 4:3 5-15 
(The units are arbitrary; see Experimental.) 


Variation of #q (<7-0) and temperature had only a slight effect. Each molecule of 
pigment induces the oxidation of approximately 3 molecules of quinol while itself under- 
going oxidation. The disappearance of the phthalocyanine cannot be explained as a simple 
oxidation by benzoquinone, for the pigment is only very slowly affected by benzoquinone 
solutions many times as concentrated as would be encountered in the above partly oxidised 
solutions. Moreover, this mutual autoxidation at room temperature also takes place when 
the quinol is replaced by other compounds normally susceptible to heavy-metal catalysed 
oxidations, viz., pyrogallol, benzaldehyde, #-phenylenediamine, hydrazobenzene, benzidine, 
a-naphthol, etc., but not by such compounds as formaldehyde, phenol, or tartaric acid. 
Neither the water-soluble catalyst nor any of the other pigments had any appreciable 
effect on the autoxidation of aliphatic aldehydes (formaldehyde, acetaldehyde, acraldehyde) ; 
these seemed to exert a poisoning action, so that even autoxidation of benzaldehyde failed 
to take place in their presence. It is noteworthy that the ability of hemin to catalyse the 
oxidation of aromatic aldehydes does not extend to aldehydes such as methylglyoxal 
(Euler and Ahlstrém, Z. physiol. Chem., 1931, 200, 233), and some iron-porphyrins may 
function as anti-catalysts (Dufraisse and Horclois, Compt. rend., 1930, 191, 1126). However, 
that the disappearance of pigment when catalysing the oxidation of other organic compounds 
is due to oxidative degradation induced by the catalysts, is probable from the following 
observations (established for the water-soluble catalyst but probably true also for theothers) : 
(1) Even in presence of the above autoxidisable compounds, the phthalocyanine is stable in 
complete absence of air or oxygen. (2) In no case was it possible to restore the colour by 
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mild oxidation or reduction; aqueous solutions of sulphonated iron phthalocyanine may 
be decolorised by reducing agents (hydrogen sulphide, sodium hyposulphite) but are 
reoxidised on exposure to air, so it is unlikely that ‘‘ redox ’’ behaviour plays any essential 
part in these catalyses. (3) The effect is certainly a heavy-metal catalysis, as it is inhibited 
by typical poisons (potassium cyanide or thiocyanate, mercuric chloride, potassium 
iodide). The powerful inhibitory action of potassium cyanide is due to the formation of a 
complex, as is indicated by the change in colour (blue to green) and in absorption spectrum, 
the bands being as follows, and (i) being stronger than (ii) in both cases : 

Sulphonated iron phthalocyanine in H,O: (i) 6900 a.; (ii) 6320 a. 
aqueous KCN: (i) 6685 a.; (ii) 6005 a. 

It is remarkable that reduction by aqueous sodium hyposulphite is also inhibited by 
cyanide. 

Autoxidation of Benzaldehyde.—As the result of many investigations, this autoxidation 
now appears to be due to a number of normally concurrent catalytic factors; among the 
more important are photochemical effects (Backstrém, Z. phystkal. Chem., 1934, B, 25, 99), 
oxidation inhibitors (Meyer, J. Biol. Chem., 1933, 103, 25), and heavy-metal catalysts 
(Kuhn and Meyer, Naturwiss., 1928, 16, 1028). The present communication records some 
aspects of the ability of synthetic iron pigments of the phthalocyanine group to catalyse 
the autoxidation of benzaldehyde. 

When an aqueous suspension of pure benzaldehyde containing a little amorphous iron 
phthalocyanine was shaken in an atmosphere of oxygen, the blue-green colour quickly 
disappeared and was replaced by a pale yellow-brown colour such as was observed by 
Wieland and Richter when working with simple iron catalysts (Annalen, 1932, 495, 284). 
This disappearance of the phthalocyanine was accompanied by an uptake of oxygen which 
was many times that necessary for the degradation of the pigment, and was due to the 
catalytic oxidation of benzaldehyde to benzoic acid. Similar effects were observed when 
chloroiron phthalocyanine, iron octaphenyltetrazaporphin, or its salts were employed, but 
not when any other phthalocyanine pigment not containing iron was added. The course 
of oxidation was followed by measuring the uptake of oxygen, and the influence of some of 
the physical variables studied. 

Most of the following experiments were carried out in absence of organic solvent. 
Aqueous acetone or alcohol exerted no influence on the oxidation, but unless rigorously 
purified solvents were used, catalysis was frequently completely lacking—an effect, pre- 
sumably, of inhibitors which, as Meyer (loc. cit.) has shown, can obscure the effect of many 
equivalents of a positive catalyst. In no case was catalysis observed when pyridine was 
employed. Fig. 1 shows that there is no appreciable induction period, and that, under 
these admittedly arbitrary conditions at least, the oxygen uptake is proportional to the 
time for the earlier part of the oxidation (approx. 75% of the whole reaction) but falls 
abruptly before all the benzaldehyde is oxidised. It seems that this is due to a complexity 
of positive and negative factors, including disappearance of the phthalocyanine as such, 
and formation of active intermediate complexes and of autoxidation inhibitors. The fact 
that the phthalocyanine reaction product is far more active than the inorganic iron content 
might suggest rather adds to the difficulty of examining the behaviour of the pre-formed 
phthalocyanine alone. That benzoic acid, or possibly perbenzoic acid, acts as an inhibitor 
is probable from the observation that buffering slightly on the acid side of neutrality 
resulted in smoother uptake-time curves, and in slightly alkaline solution (pq 8-0) no 
inactivation was.observed (Fig. 2). A curious feature of the catalyses, which is to be 
explained by the necessarily complicated conditions of experiment (all were, initially at 
least, systems in which two liquids and a solid were shaken in a gas), is the relative in- 
dependence over the range studied of the rate of reaction of quantity of catalyst employed. 
For instance, the rate at which 1-00 g. of benzaldehyde was oxidised under the standard 
conditions employed was only slightly increased when the quantity of catalyst (iron 
phthalocyanine) was increased from 5 to 20 mg. (cf. Fig. 3). The view that the physical 
conditions were responsible for this apparent anomaly is strengthened by the fact that 
results of physically similar experiments by Robinson (Biochem. ]., 1924, 18, 255) on the 
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autoxidation of linseed oil in presence of hemoglobin showed a lack of proportionality 
between quantity of catalyst and reaction rate. Again, although the phthalocyanine 
colour vanished at pq 8-0, the rate of oxidation remained much above that which would be 
accounted for by the iron content of the pigment, and it is not impossible that a stable 
intermediate continues catalysis after the phthalocyanine as such has been destroyed. 
The isolation of any intermediate would be difficult, and it would seem that if one is 
produced, it cannot be any loose oxygenation product of iron phthalocyanine, for in no 
case could the pigment be regenerated by reducing agents. The initial stages of catalysis 
are accompanied by a relative change in the strengths (not the positions). of the spectral 
absorption bands of the phthalocyanine (dissolved in pyridine), but this phase is only 
transient and is not recorded on the oxygen-uptake curve. The production ofa particularly 
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active iron oxide owing its activity to its colloidal state rather than to any organic associ- 
ation is possible but unlikely in view of experiments (Part I) on the degradation of iron 
phthalocyanine by hydrogen peroxide. Oxidation of benzaldehyde in presence of these 
iron pigments is, as are other heavy-metal catalyses, inhibited to a very marked extent by 
hydrogen cyanide (Fig. 4). Antioxidants (e.g., quinol) also counterbalance the positive 
effect of the iron pigments. 

In view of the enhanced activity and permanence of iron phthalocyanine and similar 
pigments in decomposing hydrogen peroxide (Part I) when deposited on charcoal, it was 
of interest to see if these advantages were retained when the same catalyst oxidised benz- 
aldehyde. It is remarkable that such charcoal deposits were quite inactive when either 
freshly prepared or aged, even when considerable quantities were employed (Fig. 4). 
Equally surprising was the observation that deposits of normally active (7.e., iron) pigments 
on barium sulphate, although possessing an activity towards hydrogen peroxide approxim- 
ately corresponding to that of the pigment content in homogeneous solution (75% pyridine), 
were also at least as active when catalysing the oxidation of benzaldehyde as when the 
pigment was employed without a support. Again the quantity of catalyst was not, 

5Y 





1772 Cook: Catalytic Properties of the 


within limits, an important factor deciding the rate of oxidation; quantities containing as 
little as 0-25 mg. of iron octaphenyltetrazaporphin (i.¢., 10-7 x 2-56Mm) were sufficient to 
oxidise 1-0 g. of benzaldehyde completely to benzoic acid in 50 mins. at room temper- 
ature, The effect of pg change on deposits of iron phthalocyanine or octaphenyl- 
tetrazaporphin on barium sulphate was quantitatively comparable with the effect on the 
free pigments, but both pigments possessed a greater stability as deposits, so that an appreci- 
able quantity of pigment could often be recovered from the spent catalyst on extraction 
with pyridine. In marked contrast to the free pigments, the barium sulphate deposits were 
insensitive to hydrogen cyanide, and in 1N-hydrogen cyanide solution showed a very 
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slightly increased activity, Slight improvement in presence of minimal quantities is not 
an uncommon observation in work with solid catalysts; e.g. Adadurov, Zeitlin, and Orlowa 
(Chem. Zentr., 1937, i, 3447) find that platinum is less sensitive to poisoning by arsenic 
when deposited on metal sulphates and oxides. The insensitivity is possibly due in part 
to competition between carrier and catalyst for the poison which is selectively adsorbed 
on inactive regions of the carrier surface, but such a theory is obviously inadequate in the 
present instance; it must be assumed that the quasi-chemical association between the iron 
atoms and the support renders formation of the inactive cyanide.complex more difficult 
or impossible. 

As the conditions of experiment were intentionally maintained constant throughout 
the series, and precautions were taken to eliminate photochemical action, the effects 
described above must be ascribed, at least to a predominating extent, to a ‘‘ heavy-metal 
catalysis.” The positive catalytic effect of many colloidal and finely divided metals, 
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metal salts, complex salts, etc., on the autoxidation of benzaldehyde has frequently been 
qualitatively observed, and although i iron catalyses have formed the subject of quantitative 
study by several workers, no single one of the postulated mechanisms will satisfy all the 
known facts, and indeed, it seems that the final choice of mechanisms will depend on 
obscure factors. Although it is impracticable to review the many mechanisms proposed to 
explain iron-catalysed oxidative processes, three broad views are considered in the light 
of further experiments in Part III (p. 1774). 

The variation in catalytic activity on different carriers must clearly be ascribed to a 
quasi-chemical combination. The catalytic properties of hemin and of ferric chloride 
may remain unchanged, or be enhanced or inhibited on adsorption on charcoal or other 
inorganic carriers (Kuhn and Wassermann, Ber., 1928, 61, 1550), a quantitative change in 
one property on adsorption on any one adsorbent being sometimes unaccompanied by a 
parallel change in the other catalytic properties. The results now reported constitute a 
further demonstration of the importance of the réle played by the carrier. The state of the 
phthalocyanine-carrier catalysts, prepared by precipitating pigment on the support, 
is possibly more directly comparable with catalysts containing iron ‘‘embedded”’ in charcoal 
(e.g., those of Warburg and Brefeld, Biochem. Z., 1924, 145, 461; cf. also Rideal and 
Wright, J., 1925, 127, 1347; 1926, 1819, 3182), which have been shown to differ in catalytic 
behaviour from true adsorbed iron catalysts (Firth and Watson, Trans. Faraday Soc., 
1923, 19, 601). The present observations are, however, also of interest in that they 
provide synthetic models of the biological system containing a prosthetic group in association 
with a protein carrier. The activity of enzymes frequently depends largely on a favourable 
adsorbed state, and a number of natural oxidising enzymes consist essentially of iron— 
porphyrin complexes associated with proteins (Bertho, Chem.-Zig.,1935,59,953). The model 
experiments demonstrate the ability of a carrier to enhance or inhibit normal properties 
of the prosthetic group, and even to lengthen its working life. 

The varying activity of the hemin enzyme models is thus closely paralleled by the 
phthalocyanine models, the extraordinary increase in oxygen-transferring power of the iron 
atom being effected in both cases by the same types of union—a co-ordinative association 
with four pyrrole nitrogen atoms in a large ring of the porphyrin type. 


EXPERIMENTAL. 


Miscellaneous Substrates.—Iodide. 10 C.c. of 10% potassium iodide + 5 c.c. of 0-5% starch. 
The test solution was treated with 1 c.c. of a solution of sulphonated iron phthalocyanine in 
water (1 c.c. = 0-1 mg.) and became blue after 30 mins. (titration = 0-60 c.c. of 0-001n-sodium 
thiosulphate) while a blank remained unaffected. The final solution was colourless and showed 
no spectrum of remaining pigment. 

Polyhydric phenols. Pyrogallol (50 c.c. of a 1% aqueous solution) seuntal oxygen moder- 
ately rapidly in presence of 20 mg. of iron phthalocyanine (control remained blank). After 15 
mins. (uptake 43 c.c.) the solution was pale brown. 

3-317 G. of quinol were dissolved in 50 c.c. of alcohol and diluted to 11. with n/2-acetate 
buffer (pg 4-6). 25 C.c. portions of this solution were treated with 5, 10, 15... 50 c.c. of the 
above aqueous sulphonated iron phthalocyanine solution, the mixtures quickly made up to 
75 c.c. with water, and the colour of the pigment allowed to disappear (30 mins.). 10 C.c. of 
concentrated hydrochloric acid, 5 c.c. of 5% aqueous potassium iodide, and 2 c.c. of 05% 
aqueous starch were added in succession, and the liberated iodine quickly titrated with 
0-01Nn-sodium thiosulphate. 

Catalyst, mg. ......sssesseeeee 0 0-5 1-0 15 2-0 3-0 4-0 5-0 
0-01N-Na,S,03, c.c. . 135 195 260 320 400 480 6-65 

The slight effect of change of pg is shown below (more acid solutions included hydrochloric 
acid), the conditions being as above, and each determination being carried out with 4-0 mg. of 
catalyst. 

3-6 4-6 5:0 

4-95 4-70 5-20 
Each mol. of sulphonated pigment (M, 1056) thus catalyses the oxidation of approx. 3 mols. of 
quinol while itself undergoing degradation. 
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Indophenol formation. 5 C.c. each of 0-01Nn-a-naphthol in 50% alcohol, 0-01n-p-phenylene- 
diamine in 50% alcohol, and 2-5% aqueous sodium carbonate were treated with 1 c.c. of aqueous 
sulphonated iron phthalocyanine (0-1 mg.), and developed the typical indophenol colour within 
5 mins., the controls becoming pale brown. 

Oxidation of Benzaldehyde.—Materials, apparatus, etc. The benzaldehyde was a good com- 
mercial specimen, redistilled three times at ordinary pressure and finally under reduced pressure 
in a stream of carbon dioxide in Pyrex apparatus. When a free pigment was employed, it was 
added as the amorphous powder obtained by precipitating a solution in sulphuric acid (500 mg. 
pigment in 50 c.c. of concentrated acid) with water, washing the deposit with dilute sodium 
hydroxide and water, and drying it at 100° for 3 hrs. Although recorded results were generally 
obtained with alkali-washed products, they were not materially different when this washing was 
omitted and the catalysts were added as sulphates. When barium sulphate deposits were used, 
they were prepared by rapidly treating a dilute solution of the pigment in concentrated sulphuric 
acid with a known weight of barium chloride in aqueous solution (e.g., 20-0 mg. of iron phthalo- 
cyanine in 10 c.c. of concentrated sulphuric acid, precipitated in 100 c.c. of water containing 
4-166 g. of barium chloride dihydrate, gave a product containing 1 part of pigment ‘‘ embedded ” 
in 200 parts of barium sulphate). If precipitation is carried out sufficiently rapidly, a homo- 
gencous product is obtained, whereas the pigment tends to separate on the surface of the mother- 
liquor if slow precipitation is attempted. 

Observations were made by weighing out benzaldehyde into a closed flask which, after addi- 
tion of water, was attached to the volumetric apparatus described in Part I (p. 1768), the catalyst 
being suspended in the light glass receptacle until equilibrium had been attained, and then 
shaken into the benzaldehyde suspension. The same flask (100 c.c. round-bottomed Pyrex) 
was used throughout. All experiments were carried out at room temperature and pressure, but 
volumes are recorded after correction for pressure of water vapour and conversion to N.T.P. 
All results were obtained by shaking at a constant rate of 130/min. In view of the nature of the 
unusual number of variable factors and the complicated course of catalysis, the effectiveness of a 
catalyst is only recorded in graphical form, or as the time necessary to effect a specified degree 
of oxidation per g. of benzaldehyde. In every case the catalysed oxidations were checked by 
blank uncatalysed experiments, the negligible rate of uncatalysed oxidation being shown in 
some of the accompanying graphs. 


IMPERIAL COLLEGE, LonpDoN, S.W. 7. [Received, August 5th, 1938.) 





327. Catalytic Properties of the Phthalocyanines. Part III. 


By A. H. Cook. 


The oxidation of a number of olefinic compounds by oxygen in presence of iron 
phthalocyanine, yielding products containing a carbonyl group and only rarely a 
hydroxyl group adjacent to the double linkage, has been studied. Structural factors 
and the formation of an intermediate peroxide of the compound being oxidised are 
indicated. The catalyst functions partly by promoting the formation of the peroxide 
and partly by accelerating its further rearrangement to a ketone. 


Tue ability of iron phthalocyanine and similar pigments to decompose hydrogen peroxide 
catalytically was discussed in Part I, and the effect found to be quantitatively comparable 
with that of hemin, 7.e., intermediate between those of the enzyme catalase and of ionised 
iron salts. The behaviour of organic peroxides towards iron compounds, however, presents 
further possibilities of elucidating the réle of the catalyst and the mechanism of the ensuing 
reaction. Catalase itself, the activity of which is due to an iron porphyrin associated 
with a protein carrier, is, unlike ionised iron, unable to catalyse the decomposition of 
dialkyl peroxides (Stern, Z. physiol. Chem., 1932, 209, 176), and a study of the behaviour 
of iron pigments of the phthalocyanine and porphyrin classes will form the subject of 
a future paper. In the present paper, the action of the phthalocyanines towards some 
miscellaneous peroxides, and in reactions in which the formation of peroxides almost 
certainly plays an important part, has been investigated. 

Tetralin was of particular interest in that it is one of the few easily accessible compounds 
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known to form unimolecular peroxides. Its peroxide (I; see p. 1777) was prepared by 
the method of Hock and Susemihl (Ber., 1933, 66, 61) (see also Hartmann and Seiberth, 
Helv. Chim. Acta, 1932, 15, 1390). In the supercooled or the dissolved state it proved to be 
extraordinarily sensitive towards iron phthalocyanine, a mere trace of which caused con- 
siderable evolution of heat. This property is possessed to a somewhat similar degree by 
iron octaphenylporphyrazin and to a less extent by hemin. The effect is illustrated by the 
following experiments under arbitrary conditions, the temperature of 1 g. of tetralin 
peroxide in 1 c.c. of benzene being determined at intervals (in minutes) after addition of 
the catalysts named. (The experiments were purely qualitative and no attempt was made 
to measure accurately the heat generated.) 


Iron phthalo- Iron phthalo- Iron octaphenyl- 
FeCl,, 100 mg. cyanine, 20 mg. cyanine,5 mg. porphyrazin,20mg. Hezmin, 50 mg. 
Time. Temp. Time. Temp. Time. Temp. Time. Temp. Time. Temp. 
0 20-5° 20-5° 0 20-5° 0 20-5° 
2 26 , 27 3 28 
4 32 . 40-5 5 25 Very slight 
6 36-5 : ili 50 evolution of 


8 38-5 heat 


Of 38 other metal phthalocyanines and related pigments examined, all were quite 
inactive except chromium and cobalt phthalocyanines, which were very feebly active. 
The effect is the more remarkable when it is remembered that tetralin peroxide alone 
exhibits no tendency to decompose even at 100° (Yamada, Chem. Zenitr., 1937, II, 3158). 

This behaviour of iron pigments recalls the convefsion of tetralin peroxide into 
a-tetralone by the somewhat feeble action of ferrous sulphate (Hartmann and Seiberth, 
loc. cit.), by sodium hydroxide (Hock and Susemihl, Joc. cit.), and particularly by iron 
pentacarbonyl (Mittasch, Z. angew. Chem., 1928, 41, 829). In the present instance the 
products were approximately 1 part of «-tetralone and 2 parts of high-boiling material, 
presumably arising by intermolecular condensation of the first-formed ketone. The 
action of the iron pigments is, of course, exerted on any tetralin preparation containing 
peroxide such as is obtained by autoxidation of tetralin. 

As current methods of oxidising tetralin to «-tetralone (chromic acid) and of effecting 
similar conversions are in many respects unsatisfactory, these observations were developed 
to provide an improved means of preparing such ketones; e¢.g., 465 g. of tetralin were 
oxidised in presence of 100 mg. of iron phthalocyanine, 48% being recovered unchanged 
and 31% converted into «-tetralone. 

In this and in the reactions described below, catalysis is accompanied by the rapid 
disappearance of the blue-green iron pigment. When other metallic pigments are added 
which fail to induce reaction they remain suspended in the peroxide solution quite un- 
attacked. The products of iron-pigment reactions are thus always orange-brown, owing 
possibly in part to colloidal oxide of iron. It is remarkable, however, that such a solution 
containing degraded or modified phthalocyanine is still as active towards tetralin peroxide 
as the original pigment, and it seems that a given quantity of pigment is able to decompose 
an almost unlimited quantity of peroxide with an efficiency unapproached by other iron 
compounds; relatively large amounts of anhydrous ferric chloride were only slightly active, 
although soluble in the organic medium. 

There is, in addition, strong evidence that the primary active catalyst is not merely an 
active form of iron oxide, but a peroxide addition product of iron phthalocyanine or perhaps 
an oxygenated iron phthalocyanine, although this does not exclude the possibility of simple 
degradation products contributing in small measure to the total catalytic effect. For 
instance, when a peroxide solution (e.g., tetralin peroxide in benzene) is shaken with iron 
phthalocyanine, appreciable quantities of pigment pass into solution to yield a clear 
red-brown liquid in which no phthalocyanine can be detected spectroscopically. The 
green colour and phthalocyanine spectrum quickly reappear, however, on shaking with a 
reducing agent (hydrazine) and pyridine, the latter behaving as a solvent only. It may be 
concluded, therefore, that the essential feature of these catalyses is the formation of a 
transient compound of the peroxide with the catalyst, which may itself function in an 
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oxygenated form so that the internal oxidation-reduction, as the present reactions may be 
formulated, requires a lower activation energy. 

Again, old specimens of A*-octalin evolved heat when brought into contact with iron 
phthalocyanine, a phenomenon undoubtedly due to their peroxide content. Although 
a unimolecular peroxide was not prepared, A*-octalin was oxidised by a process similar to 
that employed in the preparation of «-tetralone, allowing the continuous formation and 
catalytic decomposition of peroxide. Again, the main oxidation product was a ketone— 
the hitherto unknown A*-«-octalone. The yield, without allowance for the 30% of recovered 
hydrocarbon, was again approximately 30%. Reduction yielded «-decalone. 

The formation of a “‘ moloxide ”’ by pinene has been extensively investigated, and its 
catalytic oxidation to verbenol and polymeric material in presence of metallic oxides, 
etc., has also been studied (Wienhaus and Schumm, Amnalen, 1924, 439, 31; Dupont 
and Crouzet, Bull. Inst. Pin., 1929, Spec. No. 101; Suzuki, Bull. Inst. Phys. Chem. Res. 
Tokyo, 1935, 14, 14; 1936, 15,70). It is now found that oxidation of a-pinene in presence 
of iron phthalocyanine with air or oxygen at a slightly elevated temperature yields a mixture 
of verbenone, verbenol, and polymeric material. The total yield of material of low mole- 
cular weight was again only 30%, of which the greater part was not ketonic. 

Oxidation of cyclohexene proceeds similarly, with formation of a peroxide which, in 
presence of iron phthalocyanine, undergoes secondary change. The absorption of oxygen 
in presence of several catalysts (e.g., ferric oxide) has been observed (Berl, Heise, and Win- 
nacker, Z. phystkal. Chem., 1928, A, 139, 453), and in particular the use of osmium oxide 
has led to fairly well-defined products of low molecular weight (A?-cyclohexenol, cyclo- 
pentenealdehyde) (Willstatter and Sonnenfeld, Ber., 1913, 46, 2953; K6tz and Richter, 
J. pr. Chem., 1925, 111, 373; Medvedev and Alexejeva, Chem. Zentr., 1927, II, 1012). 
In the present work it was found that substantially the same result is obtained when the 
osmium oxide is replaced by iron phthalocyanine. The absence of ketonic products in this 
case is remarkable, particularly as A!-methylcyclohexene when similarly treated yielded 
approximately 40% of a mixture of A-methylcyclohexen-3-one and the corresponding 
alcohol. 

Other compounds containing a reactive methylene group proved ‘to be oxidisable by 
oxygen in presence of iron phthalocyanine; e¢.g., diphenylmethane was oxidised cleanly to 
benzophenone. Cholesterol was expected to undergo oxidation in the same manner as 
simpler cyclic olefins to yield compounds containing additional carbonyl or hydroxy] groups, 
but experiments with this compound were without useful result, its solution in benzene 
dissolving abnormal quantities of iron phthalocyanine but absorbing practically no oxygen 
in presence of the catalyst even after several hours at 80°. The dihydrogen phosphoryl 
ester also failed to react in the expected manner, but after acetylation of the free hydroxyl 
group oxidation became rapid. The chief product, apart from the complex mixture pre- 
sumably formed by the interaction of first-formed oxidation products, was 7-ketocholesteryl 
acetate. Simple aliphatic olefins (e.g., A*-n-pentene, trimethylethylene) could not be 
oxidised by the procedure described. 

The mechanism of these oxidations is of considerable interest in its bearing on the 
function of iron and other heavy metals in natural processes and catalytic oxidations 
generally. 

According to current conceptions, the direct oxidation of an organic compound in 
solution by gaseous oxygen may proceed by way of one or more of several paths: (1) 
The oxygen may function simply as an acceptor of hydrogen, which is therefore oxidised 
to hydrogen peroxide; the dehydrogenation may, according to the lability of the hydrogen 
involved, proceed spontaneously or require the added activation of iron or other heavy- 
metal catalyst which may simultaneously decompose hydrogen peroxide as it is formed. 
(2) The presence of an iron or other catalyst in which the valency of the metal is variable 
will further the oxidation when a cycle in which the oxidised form of the catalyst is 
continually reduced by the substrate itself is set up. (3) Oxygen may be supplied to the 
organic substrate through an intermediate metal peroxide. (4) Direct addition of oxygen 
to the organic compound, possibly with the aid of metallic catalysts, may lead to the form- 
ation of organic peroxides, which may themselves take a leading part in the oxidation 
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(cf. the oxidation of benzaldehyde via perbenzoic acid, p.1778). (5) Reaction chains may be 
initiated by the reduction of a tervalent iron catalyst by the substrate, the catalyst being 
then reoxidised by oxygen. 

In the case of the phthalocyanines, mechanisms (2) and (5) can only be speculative, 
in that evidence of the interconversion of ferrous and ferric pigments is obscure (cf. this vol., 
p. 1156) ; ferrous phthalocyanine emerges unchanged from the most drastic treatment, and 
it is therefore difficult to imagine that it takes part in any such cyclic change under the mild 
conditions obtaining in the present experiments. Of the remaining possibilities, (3) and 
(4) may be considered. In the case of tetralin peroxide, however, the unimolecular per- 
oxide is. known to be formed in absence of additional iron phthalocyanine, if not in absence 
of all trace of heavy metal, so the effect of the added metal complex is not, at least to a 
major extent, to promote the primary reaction with oxygen, but rather to bring about an 
internal oxidation-reduction of the peroxide : : 


0-0H 


(I.) ( + H,O 


(cf. the catalytic decomposition of hydrogen peroxide : 2HOOH = = 2H,O + O,). 

In other cases there is similar direct evidence that the reaction of the peroxide is facili- 
tated in presence of iron phthalocyanine, and it may legitimately. be assumed that the 
oxidation of other reactive olefins proceeds through the formation of peroxides, and that 
the function of the catalyst is to fix the oxygen by promoting further interaction. 

The primary products (.¢., those of low molecular weight) of these catalytic oxidations 
may in every case be anticipated by the insertion of a hydroxyl or carbonyl group on a 
carbon atom adjacent to the double bond. Activation of the methylene group by proximity 
to a double bond is certainly one, but not necessarily the sole, structural factor conditioning 
the susceptibility of a organic compound towards catalytic oxidations of this type. Thus, 
although in the present examples, cyclic olefins and even hydrocarbons such as tetralin and 
diphenylmethane, where the double bond may in a narrow sense be regarded as part of an 
aromatic system, were readily oxidised, yet purely aliphatic olefins were resistant to the 
attack of oxygen in presence of iron phthalocyanine. In cholesterol the effect of the double 
linkage was more than counteracted by the comparatively remote hydroxyl group at C,, 
an influence which is sufficiently weakened to permit oxidation on esterification with acetic 
acid but not with phosphoric acid. 

Finally, it is noteworthy that the results of the present oxidations by means of iron 
phthalocyanine and oxygen are almost exactly paralleled as far as the dual experiments 
have been carried out (cf. Treibs and Schmidt, Ber., 1928, 61, 459) by those using chromic 
acid, a finding which recalls the view that the latter oxidations proceed through an inter- 
mediate peroxide—metal complex. 

On consideration of catalysed oxidations of aldehydes (benzaldehyde) such as are 
described in Part II, three broad views are apparent : 

(1) The catalytic oxidation of aldehydes to acids proceeds, according to Haber and 
Willstatter (Ber., 1931, 64, 2844; see also Haber and Weiss, Naturwiss., 1932, 20, 948; 
Proc. Roy. Soc., 1934, A, 147, 332; cf. Weiss, J. Physical Chem., 1937, 41, 1107) by a radical 
chain process : 

R:CHO + OH’ —-> H,O + RCO’ 


R-CO’ + 0,» RC<O_,, 


RCKh.07 + R-CO’ + H,O —> 2R-CO,H + OH’ 


(2) Wieland et al. (Annalen, 1927, 457, 1; 1928, 464, 101; 475, 1; 1934, 509, 1;. see also 
Wieland, ‘‘ On the Mechanism of Oxidation,’’ 1934) adduce evidence to show that, in some 
instances at least, catalytic oxidation by metals is essentially, as a result of complex form- 
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ation, a result of activation of hydrogen, which can then be transferred to oxygen or other 
hydrogen acceptors (e.g., methylene-blue). In the present instance no reduction of 
methylene-blue by the phthalocyanine—benzaldehyde system could be observed under 
widely different conditions but always in absence of oxygen. The latter stages of catalysis 
may, if extensive degradation of the pigment actually takes place, be ferrous—ferric catalyses 
of the ordinary induced type (Wieland and Franke, Amnalen, 1928, 464, 101), although the 
magnitude of the effect would probably not be comparable with the direct effects noted. 
(3) Manchot (Z. anorg. Chem., 1933, 211, 1) postulates intermediate peroxidic iron com- 
pounds which can revert to the tervalent and under some conditions to the bivalent state— 
a postulate which receives experimental support from the work of Krause (Ber., 1935, 
68, 1734). 
The autoxidation of benzaldehyde in particular has also been formulated as a two- 
stage process : 
Ph-CHO + O, -—-> Ph-CO,H 
Ph-CO,H + Ph-CHO —--> 2Ph-CO,H 


This mechanism has been criticised (Meyer, ]. Biol. Chem., 1933, 103, 35) on the ground that 
the supposed intermediate perbenzoic acid decomposes as readily in presence as in absence 
of benzaldehyde, and always with evolution of oxygen. Perbenzoic would, however, be 
formed in intimate association with both catalyst and benzaldehyde, and inability experi- 
mentally to reconstruct this association from pre-formed perbenzoic acid is not sufficient 
to warrant rejection of the general mechanism. Such association very probably occurs in 
the case of phthalocyanine catalysis, for when benzaldehyde, water, and iron phthalocyanine 
are shaken in air, the suspension on dilution with pyridine shows an absorption spectrum 
with bands similarly placed to, but of different relative intensities from, those observed with 
the pigment alone; the spectrum reverts to normal on slight warming, and the abnormality 
cannot be made to reappear on reoxygenation of the pyridine solution; it is perhaps 
significant that van der Bech (Rec. Trav. chim., 1928, 47, 286) could detect no peroxide 
formation on oxidising benzaldehyde in pyridine solution. 

The autoxidation of benzaldehyde in presence of phthalocyanine thus comprises at 
least two concurrent catalyses: (a) a simple transference of oxygen, possibly direct and 
in the Manchot sense, and simultaneously (b) an autocatalysed oxygenation of the phthalo- 
cyanine pigment itself, with formation either of a highly active intermediate or of a particu- 
larly active colloidal oxide of iron, this secondary oxidation being very considerably 
retarded when the pigment is in association with barium sulphate. 

It seems that the stability of hemin and other iron porphyrins when employed as oxid- 
ative catalysts is of a somewhat higher order than that of the iron phthalocyanines, but a 
tendency towards decomposition is still quite marked (cf. Kuhn and Brann, Ber., 1926, 
59, 2370). The oxidation of iron complexes is unique among pigments of the metal 
phthalocyanine group in that it is only observed when the iron pigments are actively 
engaged in transferring oxygen. Alone, in air, in aqueous suspension, or under drastic 
acid or alkaline conditions, they exhibit the same remarkable stability as other phthalo- 
cyanines. 

EXPERIMENTAL. 


Oxidation of Tetralin.—465 G. of tetralin were warmed to 70° with 100 mg. of iron phthalo- 
cyanine (the amorphous product obtained by precipitating a solution in concentrated sulphuric 
acid is most suitable), a very slow stream of air or oxygen being passed through the liquid. 
A long air-condenser minimised loss of tetralin. After 12 hrs., all phthalocyanine had dis- 
appeared, and after 3 days a quantity of water had separated from the orange-brown 
product. Oxidation was discontinued after 6 days, immediate distillation yielding 225 g. 
of tetrdlin and 165 g. of a-tetralone, b. p. 120°/4 mm. The semicarbazone, m. p. 214—217° 
after two crystallisations from alcohol, did not depress the m. p. of an authentic 
specimen. 

It appeared possible that the polymeric material arises by intermolecular condensation of 
primarily formed ketone, but although this last reaction is known to proceed less readily in 
acid media, the products of oxidation were not substantially different when acidity was ensured 
by adding a small quantity of acetic acid. 
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Oxidation of A*-Octalin.—10 G. of A*-octalin containing 50 mg. of iron phthalocyanine were 
warmed to 70° in a boiling-tube carrying a long air-condenser and an inlet for air or oxygen. 
After 36 hrs., the deep brown product, which no longer contained phthalocyanine, was distilled 
in a vacuum. A low-boiling fraction of recovered octalin with some ketone was discarded 
(3-70 g.), and A*-a-octalone was collected at 114°/5 mm. (3-15 g.). A small high-boiling fraction 
wasnotexamined. Redistillation of the ketonic fraction yielded the pure octalone as a colourless 
unsaturated liquid, which however gave no distinctive colour with ferric chloride (Found : 
C, 79-8; H, 9-5. C,9H,,O requires C, 80-0; H, 93%). The semicarbazone was prepared by 
adding 0-7 g. of the ketone to a hot solution of 0-7 g. of semicarbazide hydrochloride in a mixture 
of 25 c.c. of water, 20 c.c. of alcohol, and 7 c.c. of saturated sodium acetate; it separated on 
cooling (1-15 g.), and after twice crystallising from alcohol melted sharply at 203—204° (Found : 
C, 64:05; H, 7:95. C,,H,,ON; requires C, 63-8; H, 8-2%). 

500 Mg. of A?-a-octalone were shaken in an atmosphere of hydrogen in 25 c.c. of alcohol 
containing 300 mg. of 10% palladium-—charcoal. After 36 mins., when 1 mol. of hydrogen had 
been absorbed, reduction was interrupted, the filtered solution concentrated, and the ketone 
converted directly into an impure semicarbazone, m. p. 200—205°, raised by five crystallisations 
to 229°; mixed m. p. with authentic tvans-a-decalonesemicarbazone, 229°. 

Oxidation of «-Pinene.—The method was similar to that employed with other hydrocarbons 
(8 g. of d-a-pinene, 45 mg. of iron phthalocyanine; 4 days at 70° in oxygen). The product was 
distilled in steam, the readily volatile unattacked pinene rejected, and the more difficultly 
volatile oxidation products collected. The oily distillate was treated in the hot with excess of 
semicarbazide hydrochloride and sodium acetate, and a very small quantity of semicarbazone, 
m. p. 207°, collected after 3 days (the optically active forms of verbenonesemicarbazone have 
m. p. 208—209°). The non-ketonic oil from the semicarbazide preparation yielded a fraction, 
b. p. 110—115°/16 mm. (verbenol). 

Oxidation of cycloHexene.—The following experiments illustrate the ability of iron phthalo- 
cyanine to promote the absorption of oxygen by this compound. | 10 G. of cyclohexene, dissolved 
in 10 g. of acetone, were shaken in oxygen (a) without additional catalyst and (b) with 100 mg. 
of iron phthalocyanine. The absorption of oxygen in (a) during 18 hrs. was 40 c.c., and in (0) 
it was as follows : 


Time, mins. 5 8 21 27 50 2880 
Uptake of oxygen, C.C. .....ssssceeeeeees 27:5 37-5 60-0 730 =. 1185 1550 


The limiting value (1550 c.c. measured at 20° and 765 mm. over water = 1420 c.c. at N.T.P.) 
is somewhat in excess of that required for one atom of oxygen per molecule of cyclohexene. 
Distillation yielded, however, a moderate recovery of cyclohexene, and 4-1 g. of its peroxide as 
an oil with a very pungent odour, and which decomposed in contact with iron phthalocyanine. 

Oxidation was also effected as with the other hydrocarbons (100 g. of cyclohexene treated 
with oxygen at 70° for 4 days in presence of 100 mg. of iron phthalocyanine). Direct distillation 
of the product without preliminary separation of the catalyst gave 61 g. of cyclohexene. At 
140° mild decomposition set in, and a further 11-5 g. of oxidation product subsequently distilled 
(b. p. 160—170°). Redistilled, it had b. p. 166° and agreed in properties with A!-cyclohexen-3-ol 
(Willstatter and Sonnenfeld, Joc. cit.). 

Oxidation of A'-Methylcyclohexene.—50 G. of this compound were oxidised as before in an 
atmosphere of oxygen at 70° in presence of 20 mg. of iron phthalocyanine. Simple 
distillation after 72 hrs. yielded 5-7 g. of recovered hydrocarbon and 24-1 g. of a fraction, b. p. 
55—80°/5 mm.; 4-8 g. of a thick colourless oil, b. p. 130°/5 mm., were alsoobtained. The large 
intermediate fraction was a mixture of ketone and alcohol, which was only partly separated 
on further fractionation, but was converted completely into ketone (b. p. 76—78°/17 mm.) 
on oxidation with a limited amount of acid dichromate in the normal manner. The ketonic 
product is almost if not exclusively pure A1-methylcyclohexen-3-one, as more drastic oxidation 
with chromic acid yielded only succinic acid and no detectable trace of glutaric acid (cf. 
Hagemann, Ber., 1893, 26, 886). The semicarbazone after three crystallisations from alcohol 
had m. p. 196—198° (Vorlander and Gartner, Annalen, 1898, 304, 23, give m. p. 199—201°) 
(Found: N, 24-75. Cale. for CsH,,ON,: N, 25-15%). A!-Methylcyclohexen-3-one-2 : 4- 
dinitrophenylhydrazone had m. p. 150° (from alcohol) (Found: C, 54-2; H, 4-82; N, 19-0. 
C,3;H,,0,N, requires C, 53-9; H, 4-83; N, 19-3%). 

Oxidation of Diphenylmethane.—A suspension of 20 mg. of iron phthalocyanine in 7-5 g. of 
diphenylmethane was maintained for 30 hrs. at 110° whilst a slow stream of oxygen was passed 
in. Distillation of the product in a vacuum yielded 4-6 g. of unchanged diphenylmethane 
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(b. p. 125°/1 mm.), a very small intermediate fraction, and 2-2 g. of benzophenone (b. p. 146°/1 
mm., m. p. 48°, m. p. and mixed m. p. of the 2: 4-dinitrophenylhydrazone with an authentic 
specimen, 238°), only a very small residue remaining. 

Oxidation of Cholesteryl Acetate.—2 G. of the acetate were treated with oxygen for 42 hrs. in 
10 c.c. of xylene at 100° containing 20 mg. of iron phthalocyanine (which dissolved to a clear 
blue-green solution). The resulting brown liquid was diluted to 50 c.c. with benzene, filtered 
through a 20-cm. column of activated alumina (2-0 cm. diam.), and the chromatogram washed 
with a further 150 c.c. of benzene. The fractions eluted from the chromatogram with benzene— 
methanol (2:1) furnished only non-crystallising gums: Upper zone (brown, 5.cm.), eluate 
200 mg.; intermediate zone (red, 2 cm.), eluate, 300 mg.; lower zone (light brown, 13 cm.), 
eluate, 590 mg. The filtrate was evaporated in a vacuum and stirred with 5 c.c. of methylated 
spirit to precipitate 175 mg. of 7-ketocholesteryl acetate, m. p. and mixed m. p. with an authentic 
specimen prepared by oxidising cholesteryl acetate with chromic acid, 153°. Neither cholesterol 
itself nor its dihydrogen phosphoric ester (v. Euler, Wolff, and Hellstrom, Ber., 1929, 62, 2455) 
was affected by the above treatment. 


The author thanks Imperial Chemical Industries Ltd. (Dyestuffs Group) for a grant and 
permission to publish the results in this and the foregoing papers. 
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328. Reactivity of the w-Halogen Atom in p-Alkoxybenzyl Halides : 
Preparation of Phenylacetic Acids. 


By R. G. Naik and T. S. WHEELER. 


p-Alkoxybenzyl alcohols (obtained from the aldehydes by the Cannizzaro re- 
action) give with halogen acids the corresponding chlorides and bromides, and these, 
with potassium:cyanide, yield p-alkoxyphenylacetonitriles and thence p-alkoxyphenyl- 
acetic acids. The w-halogen atom in the p-alkoxybenzyl halides readily reacts with 
alcohols. 


IN continuation of work on the reactivity of the mobile 8-halogen atom in phenyl «$- 
dihalogeno-8-p-alkoxyphenylethyl ketones (Nadkarni e¢ al., J., 1937, 1798), a study has 
been made of the activating effect of the alkoxy-group in p-alkoxybenzyl halides; Lap- 
worth and Shoesmith (J., 1922, 121, 1391) had shown that #-methoxybenzyl bromide is 
very readily hydrolysed. 

6-Chloro- and 6-bromo-3 : 4-methylenedioxybenzyl and 3-chloro- and 3-bromo-4-methoxy- 
benzyl alcohols were made from the corresponding aldehydes (the anils were prepared 
for the purpose of characterisation) by the Cannizzaro reaction (for an improved method, 
see Ahmad, Narang, and Ray, J. Indian Chem. Soc., 1938, 15, 157), and converted into 
the corresponding chlorides and bromides by treatment in benzene solution with hydrogen 
chloride or directly with concentrated hydrobromic acid. With potassium iodide in 
aqueous acetone solution, these halides gave the corresponding iodides, which gradually 
decomposed with liberation of iodine on exposure to air. With alcoholic potassium cyan- 
ide, the chlorides and bromides gave the corresponding halogenoalkoxyphenylacetonitriles, 
which were readily hydrolysed to the corresponding acids; this method of preparing these 
acids is simpler than that hitherto used, viz., from the arylaldehyde through the azlactone 
(cf., e.g., Angeli and Rimini, Gazzetta, 1895, 25, ii, 206; Girardet, Helv. Chim. Acta, 1931, 
14, 514; Stevens, J., 1935, 667; Kondo and Uyeo, J. Pharm. Soc. Japan, 1933, 53, 557). 
The phenylacetic acids are important, as they are necessary in the Bischler—Napieralski 
synthesis of tsoquinolines. 

The mobility of the side-chain halogen atom is shown by the fact that the 3-halogeno- 
4-methoxybenzyl halides gave ethers on boiling with methyl and ethyl alcohols. The 
alkoxy-group so introduced could be replaced by halogen on treatment with hydrochloric 
or hydrobromic acid.* Kobayashi (Sct. Papers Inst. Phys. Chem. Res. Tokyo, 1927, 6, 


* For a discussion of the a of the electronic theory to the reactions of p-alkoxybenzyl 


halides, see Watson (‘‘ Modern Theories of Organic Chemistry,” 1937, 52, 67). 
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149) obtained 3 : 4-methylenedioxybenzyl ethyl ether as a by-product when preparing 
piperonylacetonitrile from 3 : 4-methylenedioxybenzyl chloride by treatment with alcoholic 
potassium cyanide. The alcohol evidently reacted directly with the halide. On the other 
hand, when 3 : 4-methylenedioxybenzyl bromide was heated with methyl or ethyl alcohol, 
2:3:6: 7-bismethylenedioxy-9 : 10-dihydroanthracene was formed; this compound has 
previously been prepared by Ewins (J., 1909, 95, 1482) by autopolymerisation of 3: 4- 
methylenedioxybenzyl chloride, and also by the action of phosphorus pentachloride on 
3: 4-methylenedioxybenzyl alcohol in chloroform solution. Its formation from the 
3: 4-methylenedioxybenzyl halide is apparently catalysed by acids; by heating 3: 4- 
methylenedioxybenzyl bromide with methyl alcohol in presence of sodium carbonate, 
3 : 4-methylenedioxybenzyl methyl ether was readily obtained; the potassium cyanide used 
by Kobayashi evidently played the same réle as sodium carbonate i in neutralising mineral 
acid. 

The 6-halogeno-3 : 4-methylenedioxybenzy] halides reacted with alcohols without form- 
ation of dihydroanthracene derivatives, but the oils obtained, though they gave 3: 4- 
methylenedioxybenzyl halides on treatment with halogen acids, always contained more 
halogen than the expected ethers. 6-Nitro-3 : 4-methylenedioxybenzyl chloride did not 
react with alcohols. 

6-Halogeno-3 : 4-methylenedioxybenzyl chloride and bromide with phosphorus 
pentachloride gave 6-halogeno-3 : 4-dichloromethylenedioxybenzyl chloride (cf. Ewins, loc. cit.) ; 
it will be noted that bromine in the side chain was also replaced by chlorine. These com- 
pounds are unstable, and it was not possible to obtain accurate halogen analyses for them ; 
on treatment with cold formic acid 6-halogeno-3 : 4-carbonyldioxybenzyl chlorides were 
formed. 

When bromine (1 mol.) is added to 3: 4-methylenedioxybenzyl alcohol or methyl 
ether, 6-bromo-3 : 4-methylenedioxybenzyl bromide is obtained; the hydrogen bromide 
formed, when bromine enters the nucleus, reacts with the hydroxy- or alkoxy-group. 


EXPERIMENTAL. 


[Analysis of side-chain halogen was carried out by the method of Gavankar, Heble, and 
Wheeler, J. Univ. Bombay, 1937, 6, (ii), 112.] 


Alkoxybenzaldehydes and Corresponding Anils.—The following aldehydes were prepared 
by the methods indicated: 6-chloropiperonal (Orr, Robinson, and Williams, J., 1917, 111, 
948); 6-bromopiperonal (Oelker, Ber., 1891, 24, 2592; bromination was carried out in glacial 
acetic acid instead of carbon disulphide, and the solid product recovered by dilution with water 
after removal of hydrogen bromide under reduced pressure) ; 3-chloro-p-anisaldehyde (Nadkarni 
et al., loc. cit.); 3-bromo-p-anisaldehyde (Brady and Manjunath, J., 1924, 125, 1063). The 
following anils were readily prepared by heating the aldehyde with aniline at 100°, washing 
the product with alcohol to remove the excess of aniline, and crystallising it from alcohol. 
6-Chloropiperonylideneaniline (Found : Cl, 13-9. C,H,,O,NCl requires Cl,.13-7%), m. p. 112°; 
6-bromopiperonylideneaniline (Found: Br, 26-5. C,,H,,O,NBr requires Br, 26-3%), m. p. 
131—132°; 3-chloro-4-methoxybenzylideneaniline (Found: Cl, 14:2. C,,H,,ONCl requires 
Cl, 14-4%), m. p. 85°; 3-bromo-4-methoxybenzylideneaniline (Found : Br, 27-5. Cul ,ONBr 
requires Br, 27-6%), m. p. 96—97°. 

Alkoxybenzyl Alcohols.—6-Chloropiperonal (25 g.) was treated at 50° with aqueous sodium 
hydroxide (50%; 100 g.), alcohol (5 c.c.) added, the mixture was kept overnight, diluted with 
water, and extracted with ether. The extract was washed with sodium hydrogen sulphite 
solution and dried over calcium chloride; on evaporation it gave 6-chloro-3 : 4-methylenedioxy- 
benzyl alcohol (10 g.), which separated from light petroleum in colourless needles, m. p. 73—74° 
(Found: Cl, 19-0. C,H,O,Cl requires Cl, 19-0%). The following were similarly prepared, 
the solids being crystallised from light petroleum: 6-Bromo-3 : 4-methylenedioxybenzyl alcohol 
(Found: Br, 35-0. C,H,O,Br requires Br, 34-6%), m. p. 90°; 3-chloro-4-methoxybenzyl alcohol 
(Found : Cl, 20-3. C,H,O,Cl requires Cl, 20-5%), b. p. 178—180°/10 mm. ; 3-bromo-4-methoxy- 
benzyl alcohol (Found: Br, 36-8. C,H,O,Br requires Br, 36-83%), m. p. 63—64°. 

Alkoxybenzyl Chlorides and Bromides.—6-Chloro-3 : 4-methylenedioxybenzyl chloride (14 g.) 
was obtained by evaporation of a solution of 6-chloro-3 : 4-methylenedioxybenzyl alcohol 
(15 g.) in benzene (75 c.c.), which had been saturated with dry hydrogen chloride at 0°; after 
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separation from the water formed, it crystallised from light petroleum; m. p. 65° (Found : 
total Cl, 34-8; side-chain Cl, 17-1. C,H,O,Cl, requires total Cl, 34-6; side-chain Cl, 17-3%). 
6-Chloro-3 : 4-methylenedioxybenzyl bromide (10 g.), obtained by shaking a mixture of 6-chloro- 
3 : 4-methylenedioxybenzyl alcohol (10 g.) and hydrobromic acid (d 1-69; 50 g.), separated 
from light petroleum in crystals, m. p. 75—76° (Found : total halogen, 46-0; side-chain halogen, 
31-4. C,H,O,ClBr requires total halogen 46-3; side-chain halogen, 32-0%). The following 
were similarly prepared, and, if solid, crystallised from light petroleum. 6-Bromo-3 : 4-methylene- 
dioxybenzyl chloride (Found: halogen, 46-0. C,H,O,ClBr requires halogen, 46-3%), m. p. 
64—65°; 6-bromo-3 : 4-methylenedioxybenzyl bromide (Found: total Br, 54-7; side-chain Br, 
27-4. C,H,O,Br, requires total Br, 54-4; side-chain Br, 27-2%), m. p. 94°; 3-chlovo-4-methoxy- 
benzyl chloride (Found: Cl, 37-0. C,sH,OCl, requires Cl, 37-2%), b. p. 145—147°/6 mm.; 
3-chloro-4-methoxybenzyl bromide (Found: total halogen, 48-9; side-chain halogen, 33-9. 
C,H,OCIBr requires total halogen, 49-0; side-chain halogen, 34-0%), m. p. 52—53°; 3-bromo- 
4-methoxybenzyl chloride (Found: total halogen, 49-0; side-chain halogen, 15-0. C,H,OCIBr 
requires total halogen, 49-0; side-chain halogen, 15-1%), m. p. 51—52°; 3-bromo-4-methoxy- 
benzyl bromide (Found: total Br, 56-7; side-chain Br, 28-6. C,H,OBr, requires total Br, 
57-1; side-chain Br, 28-6%), m. p. 61—62°. 

Alkoxybenzyl Iodides.—6-Chloro-3 : 4-methylenedioxybenzyl iodide (1-6 g.), obtained by dilut- 
ing a mixture of 6-chloro-3: 4-methylenedioxybenzyl chloride (2 g.), potassium iodide (1-4 g.), 
water (3 c.c.), and acetone (20 c.c.), which had been heated under reflux at 100° for 1} hours, 
separated from light petroleum in yellowish needles, m. p. 95—96° (Found: halogen, 55-2. 
C,H,O,CII requires halogen, 54:7%). The following compounds, also yellow, were similarly 
prepared and crystallised. 6-Bromo-3 : 4-methylenedioxybenzyl iodide (Found: halogen, 61-1. 
C,H,O,BrI requires halogen, 60-7%), m. p. 90—91°; 3-chlovo-4-methoxybenzyl iodide (Found : 
halogen, 57-5. C,H,OCII requires halogen, 57-56%), m. p. 61—62°; 3-bromo-4-methoxybenzyl 
iodide (Found: halogen, 63-7. C,H,OBrI requires halogen, 63-3%), m. p. 64—65°. 

Alkoxyphenylacetonitriles.—6-Chloropiperonylacetonitrile, which separated as an oil (9-5 g.) 
on dilution of a mixture of 6-chloro-3 : 4-methylenedioxybenzyl chloride (16 g.), potassium 
cyanide (8 g.), and alcohol (100 c.c.), which had been shaken for 24 hours, was extracted with 
ether and distilled (b. p. 190°/15 mm.). It separated from dilute alcohol in crystals, m. p. 
70—71° (Found: C, 55-0; H, 2-9; N, 7:1. C,H,O,NClI requires C, 55-2; H, 3-1; N, 7-2%). 
6-Bromopiperonylacetonitrile (Found: N, 5-9. Calc. forC,H,O,NBr: N, 5-8%), m. p. 71—72° 
(cf. Stevens, loc. cit.), 3-chloro-p-anisylacetonitrile (Found: Cl, 19-4. C,H,ONCI1 requires Cl, 
19-56%), m. p. 54—55°, and 3-bromo-p-anisylacetonitrile (Found : Br, 35-9. C,H,ONBr requires 
Br, 35-4%), m. p. 56—57°, were similarly prepared; distillation was, however, not necessary 
in order to obtain the crude product in a solid form. 

Alkoxyphenylacetic Acids.—6-Chloropiperonylacetic acid, which was obtained by acidifying 
with dilute hydrochloric acid a mixture of 6-chloropiperonylacetonitrile (7 g.), sodium hydroxide 
(2-5 g.) in water (40 c.c.), and alcohol (15 c.c.) which had been heated under reflux at 100° 
for 8 hours, separated from alcohol in white needles (6 g.), m. p. 174—175° (Found: Cl, 16-7. 
C,H,O,Cl requires Cl, 16-6%). 6-Bromopiperonylacetic acid, m. p. 190° (cf. Angeli and Rimini; 
Girardet, locc. cit.), 3-chloro-p-anisylacetic acid (Found : Cl, 17-5. C,H,O,Cl requires Cl, 17-7%), 
m. p. 95—96°, and 3-bromo-p-anisylacetic acid (Found: Br, 32-9. Calc. for C,H,O,Br: Br, 
32-7%), m. p. 114—115° (cf. Kondo and Uyeo, loc. cit.), were similarly prepared from the 
corresponding nitriles. 

Alkoxyphenylacetic Esters.—Methyl 6-chloropiperonylacetate, prepared by evaporating a 
solution of the acid (2 g.) in methyl alcohol (20 c.c.) containing sulphuric acid (0-5 c.c.), which had 
been heated under reflux at 100° for 6 hours, separated from light petroleum in needles, m. p. 
69—70° (Found: Cl, 15-7. C,).H,O,Cl requires Cl, 15-5%). The ethyl ester (Found : Cl, 14:8. 
C,,H,,0,Cl requires Cl, 146%), m. p. 60—61°, and ethyl 6-bromopiperonylacetate (Found: Br, 
27-8. C,,H,,0,Br requires Br, 27-9%), m. p. 69—70°, were similarly prepared. 

Alkoxybenzyl Ethers.—3-Chloro-4-methoxybenzyl methyl ether (1-8 g.), obtained by diluting a 
mixture of 3-chloro-4-methoxybenzyl chloride (2-5 g.) and methyl alcohol (25 c.c.), which had 
been heated under reflux at 100° for 2 hours, had b. p. 135—140°/5 mm. (Found: Cl, 19-0. 
C,H,,0,Cl requires Cl, 19-0%). The ethyl ether (Found: Cl, 18-0. C,,.H,,;0,Cl requires Cl, 
17-7%), b. p. 150—155°/10 mm., and 3-bromo-4-methoxybenzyl ethyl ether (Found: Br, 33-1. 
C,9H,;,0,Br requires Br, 32-7%), b. p. 155—160°/10 mm., were similarly prepared. These ethers 
regenerated the corresponding alkoxybenzyl] halides on treatment with dry hydrogen chloride 
in benzene solution, or directly with concentrated hydrobromic acid (d 1-69). 

2:3: 6: 7-Bismethylenedioxy-9 : 10-dihydroanthracene (3 g.) was obtained by heating 
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3: 4-methylenedioxybenzyl bromide (6 g.) with methyl or ethyl alcohol (60 c.c.) for 6 hours; it 
crystallised from nitrobenzene in white needles, m. p. above 360° (Found: C, 71-4; H, 4-4. 
Calc. for CygH,,0O,: C, 71-6; H, 45%). 3:4-Methylenedioxybenzyl methyl ether separated 
as an oil (6-6 g.; b. p. 120°/10 mm.) from a mixture of 3 : 4-methylenedioxybenzyl bromide 
(10 g.), sodium carbonate (2 g.), and methyl alcohol (50 c.c.), which had been heated under 
reflux at 100° for 1} hours and diluted with water (Found: C, 65-1; H, 5-9. C,H,,O, requires 
C, 65-0; H, 6-0%). 

Carbonyldioxybenzyl Halides.—6-Chlovo-3 : 4-dichloromethylenedioxybenzyl chloride (5 g., 
b. p. 150—154°/10 mm.) passed over on distillation under reduced pressure of a mixture of 
phosphorous pentachloride (12 g.) and 6-chloro-3 : 4-methylenedioxybenzyl chloride (6 g.) 
which had been heated at 120° (calcium chloride guard tube) for 4 hours (Found: Cl, 50-0. 
C,H,O,Cl, requires Cl, 51-8%). Addition after 5 mins. of cold water to its solution in formic 
acid precipitated 6-chloro-3 : 4-carbonyldioxybenzyl chloride (Found: total Cl, 32-6;  side- 
chain Cl, 15-8. C,H,O,Cl, requires total Cl, 32-4; side-chain Cl, 16-2%), which separated from 
light petroleum in crystals, m. p. 64°. 6-Bromo-3 : 4-dichloromethylenedioxybenzyl chloride 
(Found: halogen, 57-4. C,H,O,Cl,Br requires halogen, 58-5%), b. p. 155—157°/10 mm., 
and 6-bromo-3 : 4-carbonyldioxybenzyl chloride (Found: halogen, 43-7. C,H,O,ClBr requires 
halogen, 43-8%), m. p. after crystallisation from light petroleum, 80—81°, were similarly pre- 
pared from 6-bromo-3 : 4-methylenedioxybenzyl chloride or bromide. Satisfactory analyses 
could not be obtained for the dichloromethylene compounds owing to their instability (cf. 


Ewins, loc. cit.). 
Our thanks are due to Dr. J. N. Ray and Dr. R. C. Shah for valuable advice. 


IsMAIL COLLEGE, ANDHERI. 
Roya INsTITUTE OF SCIENCE, BoMBAy. [Received, August 10th, 1938.] 





329. Reversible Replacement of Aromatic Halogen Atoms. 
By G. M. BENNETT and IDA HARCOURT VERNON. 


Suitable conditions have been found for the interchange of chlorine, bromine, 
and iodine atoms in the halogeno-2: 4-dinitrobenzenes. Iododinitrobenzene may 
be prepared by heating chlorodinitrobenzene with sodium iodide in boiling ethylene 
glycol. 

This and the similar reaction of chlorodinitrobenzene with a bromide are reversible. 
These reactions have been followed in both directions, and measurements of the 
velocities and the positions of equilibrium have been made. 


ALTHOUGH the ready displacement of the halogen atom in halogeno-2 : 4-dinitrobenzenes 
by various reagents is well known, the action of halogen ions has not hitherto been observed. 
The rapid conversion of chlorotrinitrobenzene into the iodo-compound by a hot alcoholic 
solution of potassium iodide was recorded by Hepp (Amnalen, 1882, 215, 344), but chloro- 
dinitrobenzene is not affected by this reagent even after long boiling. We find, however, 
that sodium iodide acts rapidly on this substance in boiling ethylene glycol, and iodo- 
2:4-dinitrobenzene may be conveniently prepared by this method. Moreover, iodo- 
dinitrobenzene is quickly converted into the chloro-compound under similar conditions 
by an excess of (lithium) chloride. 

The analogous reaction of chlorodinitrobenzene with sodium bromide in hot ethylene 
glycol is incomplete, the concentration of bromion being limited by the solubility of the 
salt, but the bromo-compound readily yields the pure chloro-compound in présence of 
lithium chloride. Iododinitrobenzene may be similarly converted into bromodinitro- 
benzene. On the other hand, an attempt to introduce a fluorine atom was not successful, 
silver fluoride yielding with the chloro-compound only 2 : 4-dinitrophenol, and this was 
also the only product isolated when dinitrophenyl #-toluenesulphonate was heated with a 
chloride in boiling glycol. 

A similar reversible reaction takes place between 1 : 3-dichloro-4 : 6-dinitrobenzene and 
an iodide in hot glycol, the product being a mixture from which the di-iodo-compound may 
be separated by crystallisation. The reaction of an iodide with 3-chloro-4 : 6-dinitrotoluene 
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is also incomplete, the product being a mixture containing about 70% of 3-todo-4 : 6- 
dinttrotoluene, a substance readily obtained by nitrating m-iodotoluene. 

In order to study the reversibility of this type of reaction, the course of the change 
C,H;(NO,) I + Cl’ == C,H,(NO,),Cl + I’ in ethylene glycol solution at 175° has been 
followed in both directions by determining the iodine ion and applying the general formula 
for a reversible second-order reaction to the resulting data (compare J., 1931, 2957). The 
results, which are illustrated in the figure, show that the reaction is in fact a reversible 
bimolecular one, and that with molar quantities it proceeds at 175° from either side to- 
wards an equilibrium at 68 mols. % of chlorodinitrobenzene and iodide. At this temper- 
ature prolonged heating causes some subsidiary reaction to set in, probably involving re- 
duction, and consequent deactivation of the reactive halogen atom. The equilibrium figure 
is therefore not quite reached from each side, but the value selected by graphical extra- 
polation is in fair agreement with that deduced from the velocities in opposite directions 
of 4:58 x 10% and 1-01 x 10 1. g.-mol.+ min.+, and it also leads to coefficients which 
are approximately constant through the main part of the change. 
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The reaction was also followed in one direction at 165°, the velocity coefficient being 
2-21 x 10 and the (computed) equilibrium at 64 mols. % of chloro-compound. The 
temperature coefficient of velocity per 10° of 2-07 indicates an activation energy of the 
order 28 kg.-cals. 

An examination has also been made of the interaction of bromodinitrobenzene and 
chlorion in hot ethylene glycol, the course of the reaction being followed by observations 
of the density of a 25% solution of the recovered organic material in nitrobenzene, and an 
empirical reference curve being used. At 175° the equimolar mixture tends from either 
side to an equilibrium with 23 mols. % of bromo-compound, the forward and the reverse 
reaction having velocities of 3-71 x 10% and 3-26 x 10% 1. g.-mol. min.* respectively. 
Direct determination of the equilibrium proportions at 195° again showed a value of 23 mols. 
% of bromo-compound. 

An independent test was made of this equilibrium, in connexion with which we have 
to thank Mr. J. E. Caygill, of Rochdale Technical School, for his assistance, Chloro- or 
bromo-dinitrobenzene was stirred in glycol solution at 190° with an excess of both sodium 
chloride and sodium bromide until equilibrium had been reached. This must clearly 
be determined by the saturation solubilities of the two solid salts present. The silver 
halides precipitated from the diluted reaction mixture contained 96-1 mols. % of bromide. 
This, together with the equilibrium constant derived from the velocity observations, 
requires that the organic material should contain 68-7 mols. % of bromodinitrobenzene, 
whereas 69-1 mols. % were actually found. 
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EXPERIMENTAL. 


Preparation of Iodo-2:4-dinitrobenzene from Chloro-2: 4-dinitrobenzene.—The chloro- 
compound was heated with sodium iodide (5 mols.) in boiling glycol for } hour, and the mixture 
poured into water. The product was pure after crystallising once from ethyl alcohol and 
once from petroleum (b. p. 90—120°) (yield, 30%). 

Action of Sodium Iodide on 4: 6-Dichloro-1 : 3-dinitrobenzene.—The two substances were 
heated in boiling glycol for 5 mins. The product, once crystallised from ethyl alcohol, had 
m. p. 148° (the dichloro-compound has m. p. 102°). After six further crystallisations from the 
same solvent, the material had m. p. 155° and was nearly pure di-iododinitrobenzene (Found : 
I, 59-4. Calc.: I, 605%). Boiling aniline converted this into the dianilinodinitrobenzene 
(yield, 76%), which was pure after one crystallisation (m. p. 186°) and was identical with the 
substance prepared from the dichloro-compound. 

Action of Sodium Iodide on 3-Chloro-4 : 6-dinitrotoluene.—The chloro-compound was heated 
with a boiling saturated solution of sodium iodide in glycol for 5—30 mins. The. product, 
crystallised from ethyl alcohol, had m. p. 98—101° and was a mixture (0-2674 G. gave 0-1958 g. 
of AgCl + AgI. Calc., for chloro-compound: 0-177 g. of AgCl. Calc., for iodo-compound : 
0-204 g. of AgI). Repeated crystallisation did not separate the pure 3-iodo-4 : 6-dinitrotoluene, 
but this was readily prepared by warming m-iodotoluene with an excess of nitrating mixture. 
The product, crystallised from glacial acetic acid, formed sulphur-yellow prisms, m. p. 108° 
(Found: C, 27-6; H, 1-6; I, 41-9. C,H,O,N,I requires C, 27-3; H, 1-6; I, 413%). 

Reversible Displacement of Iodine by Chlorion.—The iodo- and the chloro-dinitrobenzene 
were recrystallised several times. Pure anhydrous lithium chloride or iodide was used, and 
the concentrations of the solutions checked by titration. The materials were weighed into 
separate test-tubes, which were placed in a large, well-stirred oil-bath heated electrically and 
controlled to +0-4°. At intervals a tube was removed, the contents diluted, filtered, and 
the iodine ion determined by Lang’s method (Z. anorg. Chem., 1922, 122, 332). In the reverse 
reaction it was found more practicable to use the same method of titration than to remove the 
iodide and titrate. the chlorion remaining. 


(i) Iododinitrobenzene with chlorion at 165°.‘ 


Concentrations of iodo-compound (a) and of chloride (6) each 0-370 mol. per 1. (these figures 
are corrected for the expansion of the solutions, which was separately determined by means 
of a dilatometer). The coefficient 4, is calculated by the formula of Bennett and Mosses 
(J., 1931, 2956). it 

45 60 80 100 120 150 180 


30 
0-070 0-099 0121 0-143 0-159 0-170 0-188 0-204 
2-14 2-27 2-28 2-25 2-19 2-09 2-14 2-29 


Equilibrium constant, K = 3-10; m (computed) = 0-236. Mean k, = 2-21 x 10°. 


(ii) Iodo-compound with chlorion at 175°. 
a = b = 0-263 mol. per 1. 


30 60 75 90 105 120 
0-069 0-109 0-122 0-132 0-137 0-144 
4-55 4-66 4-65 4-62 4-34 468 Mean 4-58 


Equilibrium constant, K = 4:1; » = 0-179. 


(iii) Chloro-compound with iodine ion at 175°. 
a = b = 0-260 mol. per 1. 
30 45 75 90 120 


0-019 0-027 0-041 0-047 0-053 
101 100 101 4101 (0-91) Mean1-01 


Equilibrium constant, K = 4-1; » = 0-084. 


The change of equilibrium with temperature. implies a heat of reaction of 10-8 kg.-cals., 
but the indirect method by which each equilibrium constant was arrived at makes this figure 
very uncertain. ‘ 

Reversible Interchange of Chlorine and Bromine.—For the determination of the extent of 
the reaction between bromodinitrobenzene and chlorion the organic material in the glycol solu- 
tions was precipitated by water, taken up in benzene, the solution evaporated, and the residue 
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finally left in a vacuum desiccator. The material was then dissolved to form a 25% solution 
in nitrobenzene, and the mass of this solution contained in a certain pyknometer at 25° deter- 
mined. The composition of the organic material was then read from an empirical curve (which 
was a straight line) representing the corresponding masses of 25% nitrobenzene solutions 
made from artificial mixtures of chloro- and bromo-dinitrobenzenes heated in glycol (in the 
absence of salts) and recovered as described above. The figures obtained by this somewhat 
elaborate method are subject to considerable irregularity, but they suffice nevertheless to show 


the course of the reaction. 


(i) Bromodinitrobenzene and lithium chloride at 175° in glycol. 
a = b = 0-258 mol. per 1. 
60 120 162 170 oe) 


30 
0-047 0-102 0-136 0-150 0-155 (0-199) 
2-88 4-26 3-76 3-52 3-67 Mean 3-71 


Equilibrium constant, K = 11-2. 


(ii) Chlorodinitrobenzene and lithium bromide at 175°. 
a = b = 0-256 mol. per 1. 
60 90 120 180 210 re) 
0-021 0-026 0-028 0-038 0-042 (0-059) 
3-32 2-97 3-28 2-74 2-88 Mean 3-26 


Equilibrium constant, K = 11-2. 


(iii) Equilibrium at 195°. Bromodinitrobenzene was heated with an equimolar quantity 
of chloride, and chlorodinitrobenzene similarly with bromide, in glycol at 195° for 2 hours. The 
composition of the organic material in the two cases was 25% and 21% of bromo-compound 
respectively. The equilibrium figure is therefore taken to be 23%, whence K = 11-2. Since this 
figure is identical with that found for 175°, the heat of reaction is zero or small. 

(iv) Equilibrium in presence of glycol saturated with sodium chloride and bromide. The chloro- 
and the bromo-dinitrobenzene, recrystallised several times, had m. p. 50-2° and 71-9°. The 
m. p.’s of mixtures lay within 0-1° on a straight line between these values. The two compounds 
were separately stirred at 190° in pure ethylene glycol with an excess of dry pure sodium chloride 
and sodium bromide for 2 hours. Intermediate tests confirmed the approach to an equilibrium 
from each side. The whole was then poured into water. Mixed halides were precipitated from 
the aqueous solution, and 0-4374 g. of dry silver salts gave 0-3370 g. of silver chloride on gentle 
fusion in dry chlorine; hence, silver bromide = 97-01% by weight or 96-1 mols. %. The 
recovered organic material had m. p. 67-3°, indicating 26-8% of chloro-compound or 30-9 mols. 
%. A determination of carbon showed C, 30-73 (Calc. for chloro-compound, 35-55; for bromo- 
compound, 29-15; whence chloro-compound is 24-:7%). 


THE UNIVERSITY, SHEFFIELD. [Received, September 24th, 1938.] 





330. The Factors determining the Velocity of Reactions in Solution. The 
Formation of Quaternary Ammonium Salts. 


By KeiTH J. LAIDLER. 


The parameters of the Arrhenius equation have been determined for the reactions 
between substituted dimethylanilines and pyridines and methy] iodide in nitrobenzene 
solution. In each of the two series of reactions PZ is found to be approximately 
constant, changes in velocity being due to changes in E. The order of activation 
energies is shown to be that which would be predicted from a consideration ofthe 
electronic effects of the substituent groups, on the assumption that a low energy is 
associated with a high density of electrons on the nitrogen atom. a-Picoline is an 
exception to this, since E is abnormally high owing to steric hindrance, which, however, 
is not reflected in a low value of PZ. The reverse reactions, the decompositions of 
the quaternary salts, are also briefly discussed. 


As pointed out by Hinshelwood, Laidler, and Timm (this vol., p. 848), reaction series in 
which substituents are separated from the reacting centre by a benzene ring fall into one of 
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two classes, according to whether P remains constant or increases functionally with E. 
The factors which determine into which class a reaction falls are not known, largely 
owing to insufficiency of experimental data; and the present paper contributes additional 
examples. An investigation has been made of the effect of changing the base by intro- 
ducing substituents into dimethylaniline and pyridine in their reactions with methyl 
iodide in nitrobenzene solution. In order that geometrical effects should not intervene, 
p-substituted compounds were used in the dimethylaniline series, and a §-substituted 
pyridine compound was used. In addition, however, in order to find out something 
more about the nature of “ steric hindrance,’’ measurements were made with «-picoline. 


EXPERIMENTAL. 


Nitrobenzene and methyl iodide were purified by distillation, the latter in an all-glass 
apparatus. Dimethyl-p-anisidine and -p-toluidine, and #-chloro- and #-bromo-dimethy]l- 
anilines were made by first preparing the p-substituted anilines by the usual methods, and 
methylating these by refluxing them with methyl iodide under the correct conditions 
of alkalinity. m-Nitrodimethylaniline was prepared by heating m-nitroaniline with methyl 
sulphate in a sealed tube at 150°. The above amines were purified by heating them with 
acetic anhydride, extraction with ether in order to remove any monomethyl compound, and 
finally either by repeated crystallisation from aqueous alcohol or by fractionation in an all- 
glass apparatus. Unsubstituted dimethylaniline was purified in the same manner. Nicotinic 
ester was prepared by esterification of the acid by ethyl alcohol, and it and a-picoline were 
purified by fractionation. The m. p.’s or b. p.’s of all of these compounds were carefully 
determined, and found to agree with the values recorded in the literature. 

The general procedure was similar to that described by Laidler and Slieshelwsod (this vol., 
p. 858), with, however, certain differences. The reacting solutions were made up to be exactly 
n/10 before mixing, 2 c.c. of each being mixed in the tubes. Owing to the weakness of some of 
the bases used, they could not be titrated by acids, and the method of analysis was always to 
wash out the tubes into excess of n/100-silver nitrate solution, filter off the precipitated silver 
chloride, and estimate the silver nitrate remaining by Volhard’s method, using an n/100-solution 
of ammonium thiocyanate with ferric alum as indicator. The faster reactions had to be stopped 
by washing out the tubes into dilute acid. 

In only a few cases were the constants obtained from the simple bimolecular formula 
satisfactory, for a fall was usually found as the reaction proceeded, indicating that the reaction 
went to an equilibrium. End-point determinations were therefore made for all of the reactions 
at four temperatures, with a view to finding the equilibrium constants; in each case the 
temperatures were 60°, 80°, 100°, and 120°, since precipitation of the products occurred at the 
lower temperatures. With «-picoline the determinations showed that the reaction went 
practically to completion, and the simple bimolecular formula gave satisfactory constants; 
this was also the case for several of the other reactions at the lower temperatures. 

In order to discover whether the reverse reactions are kinetically of the first or second order 
in nitrobenzene, equilibrium determinations were made in some cases with the solutions of the 
reactants diluted six times. It was found that a pronounced change of the simple equilibrium 
constant & = [amine] [iodide] /[salt] took place on dilution, indicating that a second-order back 
reaction also plays a part, as may be expected if the salt is appreciably ionised. Strictly, this 
would invalidate the use of the equilibrium formula employed in the previous paper, but on 
trial it was found that this formula sometimes gave satisfactory constants, and at other times 
values which showed a much smaller drift than the constants from the ordinary bimolecular 
formula. The method adopted for obtaining the true value of the forward velocity constant 
was therefore as follows. If the equilibrium determinations showed that the reaction went 
almost or entirely to completion, the constant obtained from the ordinary bimolecular formula 
was accepted ; if not, the equilibrium formula was also applied, and if a constant was obtained 
this was accepted, and confirmed by extrapolating the simple bimolecular constants to zero 
reaction. If both formule gave drifting constants, however, the final value was obtained 
by extrapolating both sets to zero reaction. In every case good agreement was obtained, 
showing that the empirical procedure had correctly allowed for the influence of the back reaction 
on the velocity constant of the forward reaction which was being studied. These methods are 
illustrated in the examples given in Table I, in which # is the time in minutes, and # the change 
%; the initial concentration was always 0-05N. 

m-Nitrodimethylaniline did not react at all over a wide range of temperatures, owing 
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presumably to an unfavourable equilibrium. An attempt was also made to study the 
decomposition of the salt formed with methyl iodide, but it was found that the rate could not be 
followed, since the salt was only very sparingly soluble in nitrobenzene, and decomposed as 
fast as it dissolved. 

The velocity constants obtained at the various temperatures, corrected for solvent expansion, 
are given in Table II; in each case the Arrhenius law is satisfactorily obeyed. The final values of 
E, logio(Aioo X 10%), and log,)>PZ are also given in Table II; E is always calculated from the 
slope of the line obtained by plotting log k against 1/T, and by the method of least squares, 
agreement being found in each case. The values obtained for pyridine in the previous paper 


are included. 
TABLE I. 


Velocity constants for reaction with methyl iodide. 


(k’ is the value obtained from the ordinary bimolecular formula, k that obtained by the use of the 
equilibrium formula. The constants are uncorrected for solvent expansion.) 
Dimethyl-p-anisidine : T = 40-1°. Nicotinic ester : T = 40-0°. a-Picoline : T = 40-0°. 
t. *. k’ X 10°. t. x. k’ x 104. t. #. k’ X 104. 
61 24-5 1-773 466 18-25 1-593 132 15-0 4-44 
105 36-6 1-829 680 25-2 1-650 224 23-05 4-44 
105-5 36-25 1-798 1488 42-8 1-678 365 33-05 4-51 
151 45-0 1-804 2520 53-95 1-550 627 44-9 4-33 
187 50-2 1-796 4098 67-1 1-660 651 46-55 4-46 
244 57-65 1-871 4366 66-7 1-530 1142 60-9 4-53 
324 63-05 1-752 


: T = 60-0°. Dimethyl-p-toluidine : T = 80-1°. 

K = 1-444 x 10-3, 

*. k’ x 10%. k x 10% 
17-5 7-22 7-22 
25-2 6-82 7-66 
34-3 6-57 7:14 
40-2 6-30 7-22 
47-05 5-38 7-03 


p-Chlorodimethylaniline 
K = 0-1838. 

t. *. k’ x10. =k X 104. 
110-5 -05 2-265 2-740 
154-0 “1 2-160 2-840 

2 


7 
9 

199-5 11-0 2-070 2-865 
13 


276-0 25 1-834 3-040 

296-5 14-0 1-832 3-120 

391-5 15-75 1-591 3-275 52:3 4-68 7-06 

Both & and &’ extrapolate to 2-49 x 10-. 55-6 4-17 7-47 
: Mean 7:26 


k’ X 108 (extrapolated) = 7-52. 
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TABLE II. 


k X 105, corr. for solvent expansion. 
Temp. 
— A . log 
Amine. 15-0°. 24-8°. 40-1°. 60-0°. 80-1°. E. (k x 10°). 
Dimethyl-p-anisidine 34:65 71:92 182-8 560-0 — 11,700 4-58 
Dimethyl-p-toluidine _ 28-44 79-58 252-8 7585 12,300 4-28 
Dimethylaniline —_ 8-39 20-98 77-20 238-3 12,800 3-80 
p-Chlorodimethylaniline 0-9265 2-110 5-970 25-61 — 13,900 3-38 
-Bromodimethylaniline 0-8240 1-800 5-545 21-30 _ 13,700 3-30 
13,600 


15-8°. 24-9°. 40-0°. §0-0°. 80-0°. 
705 1465 45-1 177-3 _ 13,900 
4-857 16-30 62:30 234-0 14,600 





a-Picoline 
Nicotinic ester 


DISCUSSION. 


It is to be seen from Table II and the accompanying figure that for each of the two 
series of reactions the changes in velocity are almost entirely due to the changes in the 
energy of activation, P being approximately constant ; in the figure the lines are of the slope 
— 2-303RT, corresponding toconstant P. In giving a probability factor which is constant, 
this class of reaction therefore resembles the alkaline hydrolysis of esters, the benzoylation 
of amines, and a number of other reactions. 

The order of activation energies found in the two series is practically the same as that 
found by other workers for other types of reactions (e.g., the acid and alkaline hydrolysis 
of esters, the benzoylation of amines, and the hydrolysis of acyl and triarylmethyl 
chlorides), and is the order which would be predicted from a knowledge of the electronic 
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effects of the groups based upon physical measurements such as the dipole-moment 
measurements of Sutton (Proc. Roy. Soc., 1931, 133, A, 668), on the assumption that a 
lower energy of activation is associated with a higher density of electrons on the nitrogen 
atom of the base; thus halogen atoms, by withdrawing electrons from the nitrogen atom, 
raise the energy. In these particular series of reactions it is likely that the order of dipole 
moments would be found to be identical with the order of energies, although this is neither 
expected nor found when the molecules are not of about the same size and shape. 

The case of «-picoline is an exception to these simple generalisations, since in spite of the 
positive inductive effect of the methyl group the activation energy is higher than it is with 
pyridine. This effect must be due to the so-called steric hindrance, which is now known 
in certain cases to be mainly energetic rather that geometrical in character (Hinshelwood 
and Legard, J., 1935, 587). It is interesting to observe that here there is no decrease of P 
associated with the hindrance, as was also found by Hinshelwood and Legard, although 
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with some reactions, ¢.g., the acid and the alkaline hydrolysis of benzoic esters (Timm and 
Hinshelwood, this vol., p. 862; Evans, Gordon, and Watson, J., 1937, 1430), a fall is 
brought about by the introduction of ortho-substituents. A high E associated with steric 
hindrance appears, however, to be usual. 

It was originally intended to make a complete study of the kinetics of the forward 
and back reactions by making use of the equilibrium data; but this could not be done owing 
to the change of equilibrium constant on dilution. Since the forward reactions are truly 
bimolecular, as is shown in those cases in which the reactions went to completion (Table I), 
this change must be due to the composite nature of the back reactions (due to the 
ionisation of the quaternary salts in the solvent), which cannot therefore be easily studied. 
Certain quantitative remarks can, however, be made in connection with the dimethy]l- 
aniline series. The temperature coefficients of the equilibrium constants vary widely 
from reaction to reaction, and in such a manner as to indicate that the activation energies 
of the decomposition reactions decrease in the direction: dimethyl-f-anisidine to 
p-halogenodimethylaniline. It is thus clear that the influence of substituents on the 
velocity of decomposition of quaternary ammonium salts is the opposite to what it is on 
the velocity of their formation. 


The author wishes to express his thanks to Professor C. N. Hinshelwood, in whose laboratory 
this work was carried out, for much valuable help and advice, and to Mr. E. W. Timm for 
correcting the proofs. 


OxFORD UNIVERSITY. [Received, July 12th, 1938.] 
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331. The Association of p-Toluenesulphonmethylamide and Related Com- 
pounds in Solution: a Comparison of Dielectric Polarisation and 
Cryoscopic Measurements. 


By R. J. W. Le Févre and H. VINE. 


The polymerisation of various aryl sulphonamides in a number of solvents has. 
been studied by dielectric polarisation measurements. The dependence of the di- 
electric constant. upon concentration for p-toluenesulphonmethylamide, in all its 
solutions, has given qualitative indications of a dissociation of a less polar double 
molecule into a more polar single variety. From the observed specific polarisations 
the association factors, A (defined as the ratios of the apparent to the true molecular 
weights), have been calculated. They are compared with the corresponding values 
obtained by Hunter (J., 1937, 320) and Hunter and Chaplin (ibid., p. 1114) using 
cryoscopic methods. The divergences demonstrate that the dimeric forms of these 
compounds are not non-polar, and suggest that more than one mode of association may 
be operative. 


THE polymerisation (association) which many organic molecules containing oxygen, 
nitrogen, or sulphur, etc., undergo in the liquid or the dissolved state (cf. Turner, 
“‘ Molecular Association,’’ 1915, Ch. V), at first represented as involving the co-ordination 
of hydrogen (Sidgwick, ‘‘ The Electronic Theory of Valency,’’ 1927, p. 134), is now com- 
monly recognised as a special application of the Hund—Pauling theory of resonance (cf. 
Hinshelwood, Ann. Reports, 1933, 30, 44; Sidgwick, ibid., p. 112; 1934, 31, 37; Ingold, 
J., 1933, 1120; Sidgwick, J., 1936, 533). According to this, the real state of a system 
composed of the molecular species RXH is intermediate between the unreal extremes 
described by the formulze 


R R R R R ~ 
x < and & Xe Xx 

vt f “6 XE 
The power of hydrogen to effect such molecular unions depends primarily upon the nature 
of X; for what follows, it need only be noted that the readiness with which this resonance 
occurs is greatest when R is attached to hydrogen through oxygen, less when through 
nitrogen or sulphur, and least when through carbon (Ann. Reports, 1934, 31, 43). Associa- 
tion complexes of this type arise from molecules, like those of water and the alcohols, in 
which the “ donor ’’ and “‘ acceptor ”’ atoms are directly linked. With more complicated 
structures, in which these atoms are separated by others, two modes of polymerisation can 


be plainly foreseen, one (I) to produce a chain in which theoretically many constituent mole- 
cules could be linked, and the other (II) to give a ring form containing two only. 
R A—H 
yf. R—X+>H 
¥ 


Neer 
(L.) 1 
Y (I1.) 
A—H 
In the past, association has been studied by a variety of physical measurements (cf. 
Turner, of. cit.) but, where solutions are concerned, chiefly by molecular-weight and 
partition-coefficient determinations. The cryoscopic method has been much used (and 
is probably the best available) to give a quantitative measure of the association, the 
results being frequently expressed by plotting against concentration the “‘ association 
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factor ’’ (in these papers denoted by A), #.e., the ratio of the apparent to the true molecular 
weight. 

The types (I) and (II), however, should differ widely in an easily investigated physical — 
property : from considerations of symmetry, the apparent dipole moment of a dimeride 
such as (II) might reasonably be expected to be several D. units less than one such as (I) 
(where analogies with the dipolar ‘‘ Zwitter-ionen ’’ are obvious) so that the existence, 
nature, and dependence upon concentration or temperature of such aggregates in a solution 
should be discernible by dielectric-polarisation studies. 

This paper and the succeeding one report investigations of groups of compounds whose 
dimers may a priori take either of the forms (I) and (II), viz., (1) diazoaminobenzene and 
derivatives, (2) certain aryl sulphonamides, and (3) acetic acid and its three chloro-substitu- 
tion products. 

The Theory of the Method.—The system under consideration is a solution. A simple 
relation between the association and the apparent polarisation of a solute can be derived 
if it is assumed that an equilibrium exists between single molecules and a definite species 
of double molecules. (In this connection it is more logical to use specific polarisations 
and weight fractions—written # and w with appropriate subscripts—rather than molar 
quantities, because the molecular weight of the dissolved substance is—in these cases— 
-often an indeterminable quantity.) 

Let a, and a, denote single and double molecules of the substance a, and suppose 
that there exists the equilibrium 2a, == a,. The specific orientation polarisations are 
related by the equation oPgWa = ofa,Wa, + oPa,Wa, Let the degree of association, 
y, be defined as w,,/w,, then w.,= yw, and wy, = (1 — y)w,. Therefore op,w, = 
oPa,Wa(l — y) + ofa,ya, from which 


Y = (oba — oPa)/(oha, — oPa,) CY ys sore ite 
If the double molecules are non-polar, then of,, = 0, and 
¥ = (ofa, — oPa)/oba, bint ot! sagtinoe ll 


It is easily seen that the association factor, A, is equal to 2/(2 — y). 

A number of applications of these considerations will now be given. In these, the 
specific orientation polarisations (of) are estimated from the experimental measurements 
by subtracting the specific refractions from the related specific total polarisations. 

Diazoaminobenzene.—Hunter (J., 1937, 320) found that the cryoscopically determined 
apparent molecular weights of diazominobenzene and derivatives containing an unsub- 
stituted —N,H— group in benzene showed iricreases with a rise of concentration, whereas 
the behaviour was normal when the hydrogen was replaced by alkyl groups. In the 
former case values of A rose to as much as 1-24 in the concentration range examined 
(up to ca. 10 g. per 100 g. of benzene). A cyclic double molecule (III) was regarded as 
the most probable, although the possibility was envisaged that the formation of an open- 
chain polymer might occur. The real form of (III), being centrosymmetric, should have 

R—-N H—NR—-N R—N—H NR=N 


N—NR—H N—R N—=NR H—N—R 
(III.) 





no resultant dipole moment. However, measurements on diazoaminobenzene over a wide 
concentration range (made when work reported in J., 1937, 1805, was in progress), did not 
reveal any exceptional decreases in the polarisation; within experimental error the 
usual rectilinear relationship between the dielectric constant and the weight fraction was 
found, and a value of the polarisation at infinite dilution (7.e., the polarisation of the single 
diazoaminobenzene molecules) obtained. By using this in equation (2) above, values of 
A have been calculated. They are shown in Fig. 1 (curve IT), against Hunter’s values (curve 
I) for comparison. The non-agreement suggests that the dimeric form is not entirely 
non-polar, and that although some of it may be adequately represented by (III), part 
of it is probably in the more highly polar open-chain form. 
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The case is not a good one to study, however, for, in addition to the fact that associa- 
tion does not occur to a very large extent within the limitations imposed by solubility, the 
orientation polarisation is only a small fraction of the total and the accuracy of measurement 
is therefore not great. (The specific refractions are, of course, not affected by the 
association.) 

Fic. 1. Fic. 2. 
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p-Toluenesulphonmethylamide and Related Compounds.—Extending the earlier work 
of von Auwers and others, Chaplin and Hunter (J., 1937, 1114) measured the molecular 
weights of a series of N-substituted amides and sulphonamides cryoscopically in benzene 
over a sufficient range of concentration to show clearly that molecular association (indi- 
cated by a steep concentration—molecular weight curve) is general in amides and sulphon- 
amides possessing a free amide hydrogen atom, but that replacement of both amide hydrogen 
atoms effectively checks association (producing a flat or gently-sloping curve). -Toluene- 
sulphonmethylamide is a good example of the associating compounds, for A rises to 1-60 
at a concentration corresponding to w, = 0-04, whereas the dimethylamide only shows a 
small increase. If, as Hunter and Chaplin (loc. cit.) suggest, association in this series is due 
to resonance between 


O H—NMe : O—H NMe 


Fa ™ 
R—SO SO-R and RSO Sor 


\vte—# Fa uate HO 


the dimerides should have dipole moments which—although probably not zero, for the 
structures are complicated—will be very considerably smaller than those of the single 
molecules, which contain polar S>O links; and, in any one case therefore, the increas- 
ing degree of association with concentration should be clearly revealed by a parallel decrease 
of the orientation polarisation of the solute. 

In the present work comparisons have been made between #-toluenesulphonmethyl- 
amide, #-toluenesulphondimethylamide, and methyl #-toluenesulphonate, and benzene, 
chloroform, and ether have been used as the solvents. #-Toluenesulphonamide itself is 
very sparingly soluble in benzene. 

It is clear that, within experimental error, ¢ is a linear function of w, in the non- 
associating compounds, but the line curves off in the more dilute solutions when there is 
association. The difference is brought out clearly in Fig. 2, which refers to benzene solu- 
tions; the coefficient ae, (see Le Févre and Vine, J., 1937, 1805) is plotted against w,, 
so that the curvature of the e-w, graph is much exaggerated. 

The same behaviour has been observed in chloroform as in benzene, but in ether, #- 
toluenesulphonmethylamide as well as the methyl sulphonate, gives a practically straight 
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line for the dielectric constant.. The slight deviation is not more than the experimental 
error, which is somewhat increased on account of ethereal solutions being more difficult to 
handle. In order to show the difference in behaviour in the three solvents, the ratios of the 
dielectric constants of the solutions to those of the pure solvents have been plotted against 
the weight fraction in Fig. 3. 

Fig. 4 shows the specific orientation polarisations of the three substances. The curves 
for p-toluenesulphonmethylamide in benzene (III) and chloroform (VI) become much 
steeper below a concentration of ca. 4% and thus afford positive evidence of the dissociation 
of less polar complexes. In ether, on the other hand, the substance must be completely 
dissociated throughout (curve VIII). 


Fic. 3. 





15 


p-Toluenesulphonmethylamide in 
I, Chloroform. 
IT, Benzene. 
JI, Ether 





1 l ] 1 l L 
0-01 002 0-03 0:04 0°05 0-06 
Weight fraction. 








The power of oxygenated compounds to break down complexes involving hydrogen 
bonds has been studied by various workers (Higasi, Bull. Inst. Phys. Chem. Res., Tokyo, 1933, 
12, 773; Thomson, this vol., p. 460; Wilson and Wenzke, J. Chem. Physics, 1934, 2, 
546; J. Chem. Amer. Soc., 1935, 57, 1265). The solute molecules become associated with 
those of the solvent instead of with molecules of their own type, and this must occur in 
the case of p-toluenesulphonmethylamide in ether. The measured polarisation is therefore 
that of the ether—amide complex, and it is noticeable that there is a larger difference between 
the polarisations of p-toluenesulphonmethylamide and methy] #-toluenesulphonate in ether 
than there is in benzene and chloroform (see Fig. 4), which is probably due to this fact. 

The experimental observations at 25° are recorded in Table I, and the results for benzene 
solutions are summarised in Table II. The benzene used was prepared in the usual way; 
the chloroform and ether were “‘ AnalaR’”’ specimens, which were dried and distilled before 
use. Standard values were taken for the dielectric constants of benzene and chloroform, 
and that of ether was*found by comparison with the chloroform. Incidentally, the dipole 
moments of the three substances in benzene have been calculated, that of the associating sub- 
stance by graphical extrapolation, and the others by means of the usual equation 


Po = ba(1 — B) + cae. 
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TABLE I, 
™ * ° ° * x ° ° bes, x ° ° 
10°. —eja00- ade. sof. ~— 108. — 00. &. dy WW he &. 
(1) Methyl -toluenesulphonate (2) p-Toluenesulphondimethyl- (3) p-Toluenesulphonmethyl- 
in benzene. amide in benzene. amide in benzene. 

0 2-2725 0-87378 2-983 0 2-2725 0-87378 3-115 0 2-2725 0-87378 3-25 
1870 2-5691 0-87881 2-766 417 2-3422 0-87476 3-077 383 2-3348 0-87478 2-997 
3346 2-8072 0-88267 2-639 931 2-4263 0-87600 2-981 734 2-3870 0-87571 2-833 
3889 2-8948 0-88407 2-591 2286 2-6500 0-87952 2-819 1274 2-4625 0-87716 2-658 

5230 3-1503 0-88659 2-519 1960 2-5552 0-87901 2-512 
3751 2-7875 0-88382 2-261 

4500 2-8853 0-88585 2-192 

5948 3-0766 0-88953 2-086 


(4) Methyl p-toluenesulphonate (5) p-Toluenesulphondimethyl- (6) p-Toluenesulphonmethy]l- 
in chloroform. amide in chloroform. amide in chloroform. 

0 4-724 1-47910 2-003 0 4-724 1-47910 2-262 QO 4-724 1-47910 2-35 
289 4-838 1-47842 1-932 907 5-136 1-47610 2-123 245 4-837 1-47852 2-219 
1120 6-177 1-47642 1-897 2260 5-751 1-47163 1-976 353 4-886 1-47825 2-193 
1633 5-385. 1-47492 1-848 543 4-961 1-47775 2-074 

868 5-098 1-47705 2-014 
1282 5-261 1-47583 1-928 
1977 5-520 1-47400 1-805 
3402 6-021 1-47028 1-628 
6326 7-042 1-46270 1-341 


{7) Methyl p-toluenesulphonate in ether. (8) p-Toluenesulphonmethylamide in ether. 


Ww, x 105, eriee- a . oP i: WwW, x 105, Gliese. a . oP 1- 
0 4-136 0-70678 1-884 0 4-136 0-70678 2-45 
872 4-274 0-70936 1-841 236 4-188 0-72972 2-508 
1976 4-448 0-71326 1-783 431 4-230 0-73182 2-487 
3685 4-717 0-71922 1-704 739 4-290 0-73711 2-362 
7089 5-265 0-73219 1-580 1128 4-366 0-74364 2-287 
2033 4-541 0-75781 2-175 
2945 4-718 0-77104 2-096 
4595 5-041 0-79278 1-984 
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TABLE II. 


Dipole moments in benzene. 


Substance. > Fas [Rz]p. iT 

C,H,*SO,-OMe 600 45 5-18 

C,H,*SO,"NMe, 672 52 5-48 

C,H,SO,-NHMe 648 47 5-4 
In the case of #-toluenesulphonmethylamide in benzene, y and A have been calculated 
for the various concentrations by assuming that the dimeric molecules have zero moment. 
Association to a quite large extent is indicated, but the values of A found in this way, 
shown in Fig. 1, curve IV, are lower than those obtained cryoscopically by Chaplin and 
Hunter (curve III). The quantitative significance of this is uncertain, but it should be 
noticed that the present results refer to measurements at 25° whereas the others were 
at the freezing point of benzene (ca. 4°). It is probable that the degree of association 
varies considerably with temperature, and it is intended to investigate this point 

experimentally. ; 

The divergence between the two series of results is, however, most probably due to 
polarity of the dimeric form. If the mass law applies to the present case, K = mq,/(mq,)*, 
where ,, and m,, are the molar concentrations of the single and the double molecules 


respectively. Then 
K = My/[2000dw,(l—y)*7] . . . . «. « (8) 


Values of y and A are recorded in Table III, together with those of K derived from them 
by (3). The inconstancy of K is again probably due to the assumption regarding the dipole 
moment of the double molecules, but it could also be due to a departure from the mass law, 
such as would occur if there were more than one mode of association operative at the same 
time. 

TABLE III. 


734 1274 1960 3751 4500 5948 
0-191 0-241 0-282 0-354 0-374 0-405 
1-106 1-137 1-164 1-215 1-230 1-254 
4-2 3-46 2-92 2-37 "2-21 2-00 
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332. The Association of Acetic Acid, of its Three Chlorinated Derivatives, 
and of n-Butyric and Hexoic Acids, dissolved in Benzene: Dielectric 
Polarisation compared with Cryoscopic Measurements. 


By R. J. W. Le Févre and H. VINE. 


The carboxylic acids are a series for which—presumably because of their 
polymerised state in most solutions—measured physical properties frequently appear 
to be contradictory or inconclusive. This is true of all available dipole-moment data. 

In the present paper a study of the association of the acids mentioned in the title has 
been made by dielectric polarisation methods. No previous work of this type exists for 
the chlorinated acetic acids, and our measurements for the three unsubstituted fatty 
acids cover regions of considerably greater dilution than those hitherto investigated. 
For these dilute solutions departures from rectilinear relationships between the 
dielectric constants and the concentrations have been observed, indicating the 
occurrence of dissociation of double molecules into more polar single molecules. In 
the case of trichloroacetic acid this phenomenon has been treated quantitatively by 
using the methods outlined in the preceding paper; it is concluded that the 
dimeric form is not non-polar but has a moment of ca. 1-1 p., i.e., of the same 
general magnitude as the values found by Zahn and Briegleb for the dimeric fatty 
acids. This result is subject to limitation by the intervention of solvent and atomic 
polarisation effects to unknown extents. 
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(1) Previous Studies of Association, other than Dielectric-constant Measurements.— 
Beckmann (Z. physikal. Chem., 1897, 22, 610) carried out cryoscopic measurements on 
some carboxylic acids and found that the molecular weight of acetic acid in benzene corre- 
sponded to double molecules. Herz and Fischer (Ber., 1905, 38, 1138) also investigated 
the partition of acetic and monochloroacetic acids between water and various aromatic 
hydrocarbons, showing that the concentration of the acid in the organic liquid was 
proportional to the square of that in water; hence, assuming the acids to consist of single 
molecules in water, they deduced that they were associated to double molecules in the 
organic liquid. 

Trautz and Moschel (Z. anorg. Chem., 1926, 155, 13), also from molecular-weight 
determinations, concluded that the carboxylic acids were all completely associated to 
double molecules in benzene, even in dilute solutions. These authors, however, observed 
that in nitrobenzene the apparent molecular weights began to decrease when dilute 
solutions were reached. They also investigated the vapour densities of several of the 
aliphatic acids at different temperatures, and found (as a few earlier experiments by other 
authors had also shown) that in the gas phase the dimers dissociated into single molecules 
to an increasing extent as the temperature was raised. They were able to calculate the 
equilibrium constants and heats of association in each case, and although their values were 
not in good mutual agreement, they agree approximately with more accurate values since 
obtained for formic (Coolidge, J. Amer. Chem. Soc., 1928, 50, 2166) and acetic (Fenton and 
Garner, J., 1930, 694; MacDougall, J. Amer. Chem. Soc., 1936, 58, 2585) acids. 

Brown and Bury (J. Physical Chem., 1926, 30, 694) used nitrobenzene as a cryoscopic 
solvent for phenylacetic, propionic, benzoic, and cinnamic acids, which were found to 
dissociate partly in dilute solutions, and they examined the effect of small quantities of 
water. If the solvent were not thoroughly dried, some of the dissociated molecules 
combined with the water, so that the net number of dissolved molecules, and consequently 
the freezing point depressions, were reduced. In these circumstances, dissociation of the 
complexes would not be detected. Meisenheimer and Dorner (Amnalen, 1930, 482, 138) 
also investigated the molecular weights of benzoic and phenylacetic acids in nitrobenzene, 
with similar results. 

It has been found in recent years by a number of investigators that dissociation occurs 
in dilute benzene solution as well as in nitrobenzene. Cryoscopic measurements have been 
made on acetic acid and its homologues by 
Peterson and Rodebush (J. Physical Chem., 
1928, 32, 709), by Fredenhagen (Phystkal. 
Z., 1935, 36, 321), and by Meisenheimer and 
Dorner (Annalen, 1936, 523, 299), using very 
dilute solutions and carefully dried materials. 
Some of the results for acetic acid are shown 

Molecular weight of in Fig. 1. Berger’s ebullioscopic measure- 

acetic acid. ments on benzoic and other aromatic acids 

. cones. - in benzene (Z. phystkal. Chem., 1933, B, 22, 

net yy 283) also show a very rapid increase in the 

© Peterson & Rodebush. molecular weight with concentration in the 

a Fredenhagen. most dilute solutions, until the stage of 
dimeric molecules is reached. 

In contrast to these results, Bell, Baughan, 
and Vaughan-Jackson (J., 1934, 1969) found 
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out the whole range of concentrations which can be examined, and Bell and Arnold (J., 
1935, 1432) found that trichloroacetic acid is also completely associated in benzene. Bell 
(Proc. Roy. Soc., 1934, A, 143, 377) had observed that the catalytic power of several acids, 
notably mono-, di-, and tri-chloroacetic acids, in bringing about the transformation of 
N- into p-bromoacetanilide in chlorobenzene and in benzene solution was considerably 
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diminished as the concentration of the catalyst increased, and he had suggested that the 
increasing degree of association was the cause. The same phenomenon occurs in the 
catalysis of diene syntheses by trichloroacetic acid (Dr. A. Wassermann; private 
communication). 

That the halogenated acids should be more strongly associated than acetic acid itself 
is to be expected in a solvent which does not facilitate dissociation, because the strong 
electron-attracting action of the — CCl, group can operate only to promote association 
by increasing the stability of the dimers, and the solvent molecules are not involved as 
proton acceptors, as they would be were the medium an “ionising” one. Thus, the 
increasing degree of ionisation (acid strength) found as one proceeds from acetic to 
trichloroacetic acid in aqueous solution would be essentially in agreement with an increase 
of stability of the dimeric forms in benzene solutions. However, the results of the present 
work, as will be seen, are in disagreement with the cryoscopic measurements on this point. 

(2) Previous Dielectric-polarisation Measurements—Owing to the association of 
the carboxylic acids, the many dipole-moment investigations which have been made on 
them provide a somewhat confused and inconclusive mass of data. Each acid has two 
dipole moments, that of the single and that of the double molecules, and values obtained 
in the usual manner lie between these two. 

Williams made measurements on benzoic and cyclohexanecarboxylic acids (J. Amer. 
Chem. Soc., 1927, 49, 2417; 1930, 52, 1831) in benzene, and Wolf on the first five of the 
aliphatic series (Phystkal. Z., 1930, 31, 227). Piekara (Compt. rend., 1934, 198, 1018) 
studied acetic and propionic acids in hexane, 

Due consideration was given to association by Smyth and Rogers (J. Amer. Chem. 
Soc., 1930, 52, 1824) in relation to the polarisation of benzene solutions of acetic and butyric 
acids, but they used insufficiently dilute solutions to detect any effect of the dissociation 
into single molecules, and their valuey, extrapolated to infinite dilution, were taken as 
the polarisations of the double molecules. They concluded, but without real justification, 
that the double molecules had zero moment. They also measured the polarisation of 
acetic acid in ether, and observed normal behaviour. Extrapolation gave the value 
61-7 c.c. for the total polarisation at infinite dilution at 20° and 1-53 pb. for the dipole 
moment. 

Zahn made measurements of the dielectric polarisation of formic, acetic, and propionic 
acids as vapours (Physical Rev., 1930, 35, 1047; 1931, 37, 1516). Using Coolidge’s vapour 
densities for formic acid (J. Amer. Chem. Soc., 1928, 50, 2166), he calculated the moments 
of the single and the double molecules as 1-51 D. and 0-99 p. The limiting values of the 
apparent dipole moments of acetic and propionic acids at different temperatures were 
1-73 D. and 1-74 D., respectively. 

Wilson and Wenzke (J. Chem. Physics, 1934, 2, 546; J. Amer. Chem. Soc., 1935, 57, 
1265) measured the dipole moments of several carboxylic acids in dioxan, in which they 
are not associated; the values of P, and p given in Table I were obtained for the 
simpler acids. Under the heading p.,¢., are given the dipole moments of the corresponding 
ethyl esters, determined in the usual manner in benzene or quoted from the “ Table of 
Dipole Moments ”’ (Trans. Faraday Soc., 1934, Appendix). 


TABLE I. 


= Po, [Rz]p, Po, [Rz]p, 
Acid. CL. 6.6. ft» D. fester, D. Acid. 6.6. ec. ft, D. pester, D. 
90-5 8-6 2-07 1-94 Benzoic 94-5 34-1 1-75 1-82 
75-9 13-0 1-74 1-82 Phenylacetic 100-1 37-0 1-71 —_ 
Propionic ... 80-8 17-5 1-75 1-74 Stearic 149-9 86-9 1-74 —_— 


There is quite good agreement between the moments of acetic and propionic acids in the 
vapour state and in dioxan, and those of their esters. (The concordance with the data 
obtained in dioxan may be fortuitous, however, since they may merely represent properties 
of a complex with the solvent.) Zahn’s value for monomeric formic acid (1-55) is low in 
comparison with Wilson and Wenzke’s and with the moment of ethyl formate, and it may 
therefore be that his value for the dimeric form (0-99) is high. 
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Briegleb (Z. physikal. Chem., 1930, B, 10, 205) made a systematic study of the 
polarisation of formic, acetic, propionic, butyric, ¢sovaleric, and benzoic acids in benzene, 
and Hrynakowski and Zochowski (Ber., 1937, 70, 1739) extended these measurements to 
the higher fatty acids, hexoic, heptoic, octoic, palmitic, and stearic, working at 71°. For 
all these acids, therefore, data exist for concentrations from ca. 10 to 100%. Extrapolation 
of the values to zero concentration gives no indication of what occurs in the dilute solutions, 
but shows roughly the polarisation of the double molecules. The polarisations found in 
this way, together with molecular refractions obtained from various sources, are contained 
in Table II. In each case the molecular weight of the single molecules has been taken in 
calculating the molar polarisation. 





TABLE II. 
J Po. [Rr]p., es = ‘ Pos [Rzlp, _—o 
Acid. c.c. c.c.  [Rz]p, c.c. Acid. c.c. C.c. [Rz]p, c.c. 

BPRS. sdceditsacceced 29-3 8-5 20-8 BORE. Sicictcascedins 40-8 31-4 9-4 
MRI. sotantinticgiguaium 24-3 12-8 11-5 MARES... i.ccscecsics 45-2 36-0 9-2 
i ree 24-4 16-0 8-4 OERIES seccesccccseone 50-1 40-7 9-4 
| ESE 31-0 21-9 9-1 WENO Sacdutencess 89-0 77-7 11-3 
SOOVERETEG .0cccceesccs 34-4 26-2 8-2 ONIN i cdikniccancinn 99-0 86-9 12-1 


Except for formic acid, they all have apparent orientation polarisations of ca. 10 c.c., 
corresponding (since the molecules are double) to dipole moments of ca. 1-0. In view, 
however, of the structure of these dimers, it is not impossible that atomic polarisation or 
solution effects may account for the apparent orientation polarisations. It may be 
observed, for comparison, that the extrapolated polarisations given in Table II are nearly 
the same as the corresponding values measured by us at w, = ca, 0-01. Our present 
measurements also show that P — [Rz]p calculated in the same way as in Table II (¢.e., by 
taking molecular weights of single molecules) does not become zero at infinite dilution. 
As examples, the following may be quoted : 


Acetic Butyric Hexoic 

acid. acid. acid. 
Extrapolated value from present work .........+++ 10-7 11-4 12-7 
Ditto from previous measurements *  ...........++++ 11-5 (B) 9-1 (B) 9-4 (H) 


* (B) = Briegleb (Joc. cit.). (H) = Hrynakowski and Zochowski (loc. cit.). 


Reference to the results expressed in Figs. 1—5 shows that it is only at much lower concen- 
trations than those which have been investigated previously that dissociation to any 
appreciable extent occurs in benzene. 

(3) Present Investigations.—The densities and dielectric constants of benzene solutions 
of acetic, -butyric, m-hexoic, and mono-, di-, and tri-chloroacetic acids have been measured, 
especially in the region of the lowest possible concentrations. With trichloroacetic 
acid there is a very large deviation from the rectilinearity of a plot of « with w, at first, 
after which the line becomes straight. In dichloroacetic acid the deviation is also quite 
large; at higher concentrations the rate of increase of D.C. with weight fraction becomes 
greater as it does in acetic acid and (to a smaller extent) in the other fatty acids. Mono- 
chloroacetic acid shows a small but definite deviation in the lowest concentrations; this 
substance is not very soluble in benzene. The dielectric constants of acetic, butyric, and 
hexoic acid solutions are much smaller than those of corresponding solutions of the other 
acids, but the accuracy of measurement is sufficient to show up small departures from the 
straight-line relationship below the concentration w, = 0-02. 

The similarity of these relations to those obtained for #- -toluenesulphonmethylamide in 
benzene and chloroform (see preceding paper) shows very clearly that a change in the 
molecular state of the solutes occurs as the concentration varies. The inflexion and 
upward trend of the e-w, curves for acetic and dichloroacetic acids is somewhat surprising, 
but the polarisation is the more fundamental quantity, and this affects the density also. 

The experimental observations are recorded in Table III, together with the polaris- 
ations calculated from them, and, in the case of trichloroacetic acid, values of the degree of 
association obtained on the basis of certain assumptions, as described below. The 
measurements have been made in the usual way, with benzene dried over sodium. The 
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acids were distilled before use in order to remove water. The specific orientation polaris- 
ation of, is, as in the previous paper, the difference between the total polarisation and the 
refraction for the Na-D line. 


TABLE III. 
w,x105. ee de. Pir: oP 1. w,X105. 200. dy. Pis- of 1. 
0 2-2725 0-87378 0-34086 — Acetic acid. 
’ P 331 2-2748 0-87414 0-34115 0-213 
Chloroacetic acid. 648  2-2777 0-87448 0-34156 0-233 
296 2-2823 0-87472 0-34233 0-649 1177 2-2803 0-87507 0-34182 0-207 
653 2-2918 0-87592 0-34363 0-576 1532 2-28290 0-87543 0-34200 0-199 
1053 2-3032 0:87715 0-34526 0-570 2325 2-2868 0-87631 0-34255 0-198 
1213 2-3068 0-87765 0-34573 0-553 3347 2-2916 0-87740 0-34301 0-189 
2877 2-3472 0-88304 0-35095 0-503 ; 5238 2-3014 0-87949 0-34401 0-185 
4997 2-3984 0-88999 0-35723 0-480 7593 2-3161 0-88215 0°34566 0-188 
5982 2-4240 0-89331 0-36025 0-476 11295 2-3419 0-88659 0-34859 0-193 
Dichloroacetic acid. n-Butyric acid. 
198 2-2783 0-87458 0-34163 0-551 847 2-2777 0-87431 0-34163 0-183 
354 2-2823 0-87512 0-34217 0-533 2369 2-2830 0-87523 0-34226 0-151 
771 2-2913 0-87669 0-34324 0-472 3674 2-2871 0-87606 0-34270 0-142 
1006 2-2966 0-87759 0-34387 0-462 7138 2-2982 0-87830 0-34388 0-1343 
1189 2-3004 0-87824 0-34431 0-453 14247 2-3218 0-88301 0-34637 0-1306 
1805 2-3111 0-88068 0-34533 0-411 28248 2-3768 0-89285 0-35232 0-1326 
3164 2-3348 0-88589 0-34759 0-376 
Ris 2-4146 0-90391 0-35450 0-340 n-Hexoic acid. 
9 2-5175 0-92674 0-36247 0-326 . ‘ . : 
32663 2-9723 1-01773 0-38975 0-313 ote oie renal Heer to 
52043 3-6751 1-12912 0-41747 0-310 2924 2-2807 0-87464 0-34206 0-125 


5882 2-2905 0°87603 0-34335  0-1132 
8699  2-2984 (0-87722 0-34434 0-1109 
14793 2-3154 + 0-87962 0-34653 0-1092 


Trichloroacetic acid. 


Ww, x 105, ease &. Pie- oP 1° Y- y’. 
135 2-2772 0-87432 0-34153 0-665 0-19 0-21 


353 2-2835 0-87536 0:34230 - 0-577 0-301 0-333 
824 2-2927 0-87713 0-34332 0-467 0-434 0-480 
1091 2-2961 0-87818 0-34354 0-415 0-497 0-550 
1482 2-3006 0-87973 0-34377 0-365 0-558 0-617 
2303 2-3117 0-88317 0-34446 0-325 0-606 0-671 
3872 2-3292 0-88988 0-34503 0-277 0-664 0-735 
4358 2-3342 0-89192 0-34513 0-267 0-676 0-749 
6646 , 2°3561 0-90195 0-34515 0-234 0-716 0-792 
8147 2-3703 0-90870 0-34505 0-221 0-732 0-810 
13010 2-4127 0-93901 0-34390 0-197 0-761 0-843 
17107 2-4500 0-95058 0-34278 0-181 0-781 0-864 
33324 2-5993 1-03736 0-33520 0-150 0-818 0-906 


The dipole moments of the ethyl esters of mono-, di-, and tri-chloroacetic acids in 
benzene have also been measured, in order to afford a comparison with the acids. The 
usual straight-line relationship of « and d with w, has been found in each case, so the 
coefficients ae, and 6 have been obtained and the dipole moments calculated from them. 
The results are given in Tables IV and V. In Table VI are listed the values taken for 
the molecular and specific refractions. That of acetic acid was recorded by Briegleb; the 
others were obtained from it by taking 4-6 for the CH, group and 5-1 for chlorine. 


TABLE IV. 
Ww, x 105. enase- &. G€q- B. WwW, x 105. roo 3 ae G€. B. 
0 2-2725 _ 0-87378 _— —_ Ethyl chloroacetate. 
ae 1523 23639 087691 6-00 0-235 
Ethyl trichloroacetate. 2635 24325 0-87925 6-07 0-237 
981 2-3075 0-87696 3-56 0-371 3481 2-4831 0-88104 6-05 0-239 
1915 23418 087997 3-62 0-370 
3760 2:3733  0-88263 3-65 o-se7 Ethyl dichloroacetate. 
52 2-4651 0-89078 3-70 0- ' ; ° . 
11274 2:7047 0-91164 3-83 0-384 — coos ren = yey 


4 

4 
2631 2:3940 0-88111 462 0-319 
4582 24871 0-88665 4 


68 0-321 
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TABLE V. 
Qé,. B. pa we 
CH,CI-CO,Et 6-04 0-237 171-0 
CHCI,*CO,Et 0-320 172-9 
CCl,-CO,Et . 0-371 


TABLE VI. 


[rz]p- : : [rz ]p- 

0-213 CHC1,*CO,Et . . 0-205 
17-9 0-190 CCl,-CO,Et : : 0-195 
23-0 0-178 n-C,H,-CO,H . 0-249 
28-1 0-172 n-C;H,,°"CO,H : 0-270 
27-1 0-221 


The specific orientation polarisations of mono-, di-, and tri-chloroacetic acids are 
plotted against the concentration in Figs. 2,3 and 4. That of ethyl trichloroacetate is also 
included in Fig. 4. It is clear that the dimeric molecules of trichloroacetic acid have a 
small polarisation, but that below the concentration w, = ca. 0-04, considerable dissociation 
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to more polar molecules occurs. The values approached by the polarisations of the mono- 
and the di-chloro-acid at higher concentrations correspond to double molecules with 
quite high dipole moments, but in the dilute solutions the proportion of more polar single 
molecules obviously increases. 

The value for trichloroacetic acid at zero concentration (0-825) was derived by equating 
the moment of the acid to that of its ethyl ester. The values similarly calculated -for 
mono- and di-chloroacetic acids (1-524 and 1-090 respectively) are much higher than the 
polarisations of the most dilute solutions that could be examined ; dissociation, therefore, 
occurs to a smaller extent in these two than in trichloroacetic acid. The orientation 
polarisations of acetic, butyric, and hexoic acids only show a slight tendency to increase 
in most dilute solutions. 

Calculations of the Degree of Association of Trichloroacetic Acid.—Equations (1) and (3) 
(preceding paper, pp. 1791 and 1795) can be applied more readily to trichloroacetic acid than 
to p-toluenesulphonmethylamide, because the concentration range is greater. In order 
to calculate y it is necessary to know of, and of,,.. Since the measurements become less 
accurate as the concentration decreases, it is not possible to obtain a satisfactory value 
of ofa, by extrapolation, so this has been estimated in the manner described above 
(justified by the good agreement between the moment of ethyl acetate and that of acetic 
acid measured in the gas phase). The correct value for o,, will depend upon the configura- 
tion of the dimeric form; if this is a resonance hybrid, such as is formulated in (II) in the 
previous paper, ofa, Will be zero; if, however, an unsymmetrical structure such as that 
suggested for formic acid by Hengstenberg and Bri (Anal. Fis. Quim., 1932, 30, 341)—in 
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which the four oxygen atoms are at the corners of a tetrahedron—is correct, then the dimeric 
form will be polar and of,, will have a finite value. 

Accordingly, y has been calculated by assuming of,, to be zero. It can be seen from 
equation (3) that the fraction y/d(1 — y)? should be proportional to w,. Fig. 5 (curve I) 
shows these two quantities plotted against one another. A rectilinear relationship is not 
displayed. If it is assumed that of,, is equal to 0-150, y is 1 for the most concentrated 
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solution, and y/d(1 — yd)? approaches infinity. Therefore for some value of of,., between 
0 and 0-150 the curve must become nearly straight. By solving for two concentrations, 
the value 0-080 has been obtained, and the association factor y’ worked out with this figure. 
Curve II (Fig. 5) corresponds with curve I, but is derived from y’ instead of y; it is a 
straight line, from whose slope it can be deduced that the equilibrium constant K is 241. 
mol.1. When ofa, is 0-080, oP, is 26-0 c.c., and the apparent moment of the double 
molecule is 1-1 D. This result is in satisfactory agreement with the estimates quoted 
above (for other acids) from the papers of Zahn and Briegleb; whether it is false 
and arises from solvent or atomic polarisation effects, further work over a wide temperature 
interval might decide. 


The authors desire to express their gratitude for a grant from the Chemical Society Research 
Fund. 
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333. The Activation Energy of Organic Reactions. Part IV. 
Transmission of Substituent Influences in Ester Hydrolysis. 


By E. Tomita and C. N. HINSHELWOOD. 


The constants of the Arrhenius equation have been measured for the alkaline and 
the acid hydrolysis in aqueous acetone of a large number of substituted esters belonging 
to the following series, and chosen so that a wide range of velocities was covered : 
X°C,H,*CO-OEt, X*C,H,*CO*OMe, CH,*CO*O"CH,°C,H,X, CH;*CO*O°C,H,X. In each 
series for the alkaline hydrolysis PZ is nearly constant, the changes due to the sub- 
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stituents being measured by AE. In the acid hydrolysis the influence of the sub- 
stituents is smaller and less regular. For the former, the values of AE provide a 
quantitative measure (a) for the relative influence of the different substituents in a 
given series, which proves to be fairly constant from one series to another, and (b) 
of the relative transmissibility of the electronic effect of a given substituent through 
the different structures: this transmissibility also appears to be fairly constant for 
different substituents, so that relative transmission coefficients for different types of 
structure can be determined. 


OnE of the most important effects of a substituent group in a reacting molecule is to modify 
the activation energy. In some series of reactions the members of which differ only in the 
substituents present, the changes in velocity are wholly accounted for by the changes, AE, 
in the activation energy. In others the term PZ of the Arrhenius equation changes as well 
as E, sometimes showing small random variations but more often a regular functional 
correlation with E itself. The first type of behaviour seems to be the more characteristic 
(Part I, Hinshelwood, Laidler, and Timm, this vol., p. 848), and is exemplified in the alkaline 
hydrolysis of substituted benzoic esters, studied in 85% alcohol by Ingold and Nathan (J., 
1936, 222) and by Evans, Gordon, and Watson (J., 1937, 1430), and in 56% aqueous 
acetone by Newling and Hinshelwood (J., 1936, 1357), whereas in the acid hydrolysis of 
benzoic esters, PZ tends to increase as E increases (Timm and Hinshelwood, this vol., 
p. 862). 

The same set of substituents does not produce equal effects in different reactions; and 
if AE, is the change caused by any given substituent in reaction 1 and AE, that caused 
by the same substituent in reaction 2, then it may be found that AF, = aAE,, where « 
is approximately constant for the whole set of substituents. For the series, « might 
conveniently be called the relative transmission coefficient of the effect of the substituent 
from the substituent to the actual reaction centre in the molecule. It will depend upon the 
structures concerned, and is a quantity of importance in the ultimate physical interpretation 
of electronic theories of the reactivity of organic compounds. 

In the present paper the relative values of the transmission coefficients have been 
determined for the influence of various electron-attracting or -repelling groups in the m- 
and #-position of the benzene ring on the hydrolysis by acids and alkalis respectively in 
aqueous acetone of the following series of esters : 


X 


KX >—CO-0-GH, cxipco—0C 0 cx4sco-0-cHy Sex 


Besides the investigations cited above, of reactions concerning these series, the acid 
hydrolysis of phenyl acetate has been studied in alcohol by Waters (J., 1936, 1014) and in 
aqueous acetone by Newling and Hinshelwood (loc. cit.). 

Another question of interest from the standpoint of electronic theories is how far 
the ratios AE{/AE}, AE$/AE} . . . , of the influences of two given substituents are constant 
from reaction to reaction; and, if they are approximately constant for various series of 
reactions, what are the mean values of the several ratios. In particular, it is interesting to 
inquire how far the ratio of the effects of meta- and para-substituents is dependent upon 
the nature of the substituent itself. 

The present paper also contributes observations bearing upon these questions. 


EXPERIMENTAL. 


Reactants.—Benzyl acetate, phenyl acetate, ethyl and methyl benzoates, nitrobenzoates, 
and p-aminobenzoate, and methyl anisate were commercial products, which were purified, 
the liquid esters by distillation at reduced pressure, and phenyl acetate further by freezing 
out from the melt, and the nitrobenzoates, p-aminobenzoate and methyl anisate by recrystal- 
lization to correct m. p. from light petroleum or from alcohol. Methylbenzyl acetates were 
prepared from corresponding monobromoxylenes by boiling in glacial acetic acid, first with 
an excess of lead acetate, and finally for a short time with a little silver acetate. m-Nitrobenzyl 
acetate, which seems not to have been prepared before, was obtained from m-nitrobenzyl 
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alcohol and acetyl chloride by the usual esterification process and purified by repeated 
fractionating in a vacuum; it was an oil (b. p. 177°/10 mm.) of a slightly yellowish colour, with- 
out any smell. All attempts to crystallise it failed. p-Nitrobenzyl acetate was prepared by 
nitrating benzyl acetate, separated from the o-compound and unchanged benzyl alcohol by 
suction and crystallised from alcohol (Beilstein and Kuhlberg, Amnalen, 1867, 147, 340). All 
substituted phenyl acetates were prepared by the elegant method of Chattaway (J., 1931, 2495) 
from the corresponding phenols and purified by distillation at reduced pressure and freezing 
out (tolyl acetates) or by crystallisation from alcohol. In the preparation of p-aminophenyl 
acetate the method of Galatis (Ber., 1926, 59, 848) was used, consideration being paid to the 
remarks of Ruggli and Constin (Helv. Chim. Acta, 1932, 15, 103), but with the difference that 
benzylidene-p-aminopheny] acetate was prepared by the much preferable method of Chattaway. 
The m. p. of the pure product was 76° (Galatis, 75°). m-Aminobenzy] acetate is difficult to get 
pure, so its hydrochloride, which was obtained by esterifying the acid in alcohol with hydrogen 
chloride as catalyst, was carefully purified by repeated precipitation from alcohol with ether, 
before the ester was liberated by sodium carbonate solution. Finally, the ester was fractionated 
in a vacuum. 

All fractionations were carried out at least twice, often three times. Crystallisations were 
continued to constant m. p. The purity of the esters was further checked by total hydrolysis 
with an excess of alkali. The physical properties of the esters were in good agreement with 
those given in Beilstein’s ‘‘ Handbuch” or in the papers mentioned. Besides the special values 
recorded above, it may be mentioned that the m. p. of m-acetoxybenzoic acid was considerably 
higher than that found before, viz., 132° (125—129° in Beilstein). 

The solvent chosen was aqueous acetone, containing 400 c.c. of water made up to 11. with 
acetone (56% of acetone by weight). This contains so much water that we may assume that 
[H,O] is constant during the course of the hydrolysis, and that alkali and acid catalysts are 
completely ionised. For the solvent, commercial acetone was dried over potassium carbonate 
for several days and then slowly fractionated through a 4-ft. column. The water was ordinary 
distilled water, which was freed from carbon dioxide by boiling. In alkaline hydrolysis, sodium 
hydroxide, and in acid hydrolysis benzenesulphonic acid, was used as catalyst. Benzene- 
sulphonic acid was prepared from its barium salt by adding the equivalent of sulphuric acid. 

Method.—The experiments were carried out by using both ester and catalyst in equal 
concentration. Where possible, n/10-solutions were used, so that, after mixing, the initial 
concentrations of each were N/20. In the alkaline hydrolysis of nitrophenyl acetates and methyl 
nitrobenzoate, where the reaction is very fast, 2- or 5-fold diluted solutions were used, as also 
at 25° with all phenyl acetates. For the alkaline hydrolysis of m- and p-carboxypheny] acetates, 
a neutral solution of the semi-ester was first prepared by addition of an equivalent of alkali 
before the composition of the solvent was finally adjusted. The catalyst was prepared by 
diluting 40 c.c. of n/4-stock solution to 100 c.c. with acetone, and, for more dilute solutions, 
with acetone-water. In the alkaline hydrolysis, freshly prepared solutions were always used. 
Although the solvent, in principle, is unstable to alkali, it was verified that even during the 
slowest reactions the constitution of the solution underwent no changes which affected the 
velocity constants. 

The electrically regulated thermostats for 15°, 25°, 40°, 60°, and 80° could be controlled to 
within 0-05°. Experiments at low temperatures were carried out in a Dewar vessel which 
contained, for 0° crushed ice and water, for — 10° a mixture of sodium thiosulphate and ice, and 
for — 20° salt and ice. The temperature could be kept constant to within about 0-2°. All 
thermometers were checked against N.P.L. standards. 

The rate of hydrolysis was measured by the ordinary titration methods, cresol-red being 
used as indicator. All acids formed in the hydrolysis, including m- and p-aminobenzoic acids, 
gave sharp titration points. Also it was verified that even in the hydrolysis of phenyl acetates 
the titration of the acetic acid formed could be accurately carried out. For m-nitrophenyl 
acetate, however, bromothymol-blue was used as indicator, and for the p-compound methyl-red 
had to be adopted, and the titration carried to a standard tint. 

The procedure for following the acid hydrolysis was that described by Timm and Hinshelwood 
(loc. cit.). In the alkaline hydrolysis several methods were used depending on the reaction 
velocity. In the hydrolysis of benzoates (except nitrobenzoates), where the reaction velocity 
is low, the reaction was carried out in glass-stoppered bottles, and the course of hydrolysis was 
followed by removal of 10 c.c. samples. For the more rapid reactions, 5 c.c. of the 0-ln-ester 
solution were run into a small thin bulb with a long neck fitted in a cork, and placed in a test- 
tube — 5 c.c. of n/10-catalyst. The bulb was broken with a glass rod, and the time 

A 
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recorded by using a stop-watch. At 40°, however, a closed tube containing 5 c.c. of each solution 
in separate bulbs was used, the reactants being mixed by shaking the tube. In all cases the 
reactants were kept in the thermostat until they had acquired its temperature before the reaction 
was started. At and above 60°, sealed Pyrex-glass tubes were always used. The reaction 
was stopped by an excess of n/50-hydrochloric acid, and the acid titrated with n/50-baryta 
solution. Constants were determined at four, often at five, temperatures. Glassware was 
standardised. Results were corrected for change of concentration due to thermal expansion of 
solvent. 

In the alkaline hydrolysis, the velocity constants were calculated from the ordinary 
bimolecular formula. For phenyl acetates, where the liberated phenols themselves react with 
and remove catalyst, this formula gives values of k which decrease with the time. In this case, 
therefore, rather better constancy was obtained by using the formula dx/dt = k(a — x) (a — 2x), 
which, however, is valid only in so far as formation of alkaline phenoxide is complete. 
The velocity constants for phenyl acetates were calculated from both formule and 
extrapolated to zero reaction. The values so obtained were in good agreement. In the acid 
hydrolysis, the reaction always went practically to completion, so that the simple formula 
dx/dt = k[H*][a — x] could be used. The Arrhenius equation was followed within the limits 
of experimental error in every case. 

Since the object of the experiments was to measure small changes in activation energy as 
accurately as possible, the preparation of the solvent and all other operations were carefully 
standardised. All the measurements were made by one of the aythors (E. T.) so that personal 
factors should be eliminated as fully as possible. The accuracy of the results in the alkaline 
hydrolysis is, of course, higher for the benzyl acetate and benzoate series than for the phenyl 
acetate series, where the reaction is very rapid and the results are extrapolated. On account 
of the rapidity of the hydrolysis of nitro-esters, the accuracy of the values for their activation 
energies is in each series less than that of the other members of the series. For each series the 
relative values of the activation energies will be more accurate than their absolute values. The 
earlier results of Newling and Hinshelwood (loc. cit.) on the alkaline hydrolysis of the benzoic 
esters were repeated (except those with ethyl anisate), so that there would be no need to take 
differences between sets of figures not as fully comparable as possible in every way. The values 
for the two nitrobenzoic esters agree well with the earlier ones, but, for an unexplained reason, 
the value for the benzoic ester is now found to be several hundred calories higher. The original 
value did not lie well on the line showing the relation of log & and E, but the new one does, and is 
therefore assumed to be the correct one; the error in the older value must be.attributed to a 
slightly incorrect composition of one of the solvents used—or possibly to the presence of some 
methyl alcohol in the acetone, to which the reaction rate might be rather sensitive. For the 
acid hydrolysis of phenyl acetate a slightly higher value for E was obtained than before. With 
the ethyl aminobenzoates a very large difference was found between the p- and the m-compound. 
The position of the former in the series corresponded to the result obtained by Ingold and 
Nathan (loc. cit.) in alcohol—-water solvent; therefore some of the measurements with the m- 
compound were repeated with another specimen, purchased from B.D.H. and carefully purified : 
the result, however, was the same as before. Indeed, the ratio of the reaction velocities of the 
two compounds was in good agreement with that found by Kindler (Amnalen, 1926, 450, 1) in 
alcohol-water. The present results are used in direct comparison with those recently obtained 
by Timm for the acid hydrolysis of benzoic esters, since the differences involved are quite large, 
and errors of a few hundred calories would not matter. 


DISCUSSION. 


General.—The results are tabulated in Tables I and II. Table I contains the observed 
velocity constants in l.g.-mol.“sec.+ and Table II values for k,;. (calculated from the 
Arrhenius equation), log;)5PZ, and E. 

In Fig. 1, log ,,. is plotted against E. The results for ethyl anisate are those of Newling 
and Hinshelwood (loc. cit.). In Fig. 2 the values for AE = Eq — Ex in the different series 
are plotted against the corresponding values for the ethyl benzoate series, Ey being the 
activation energy for the unsubstituted ester and Ey that for the same type of ester with a 
substituent X. The slope of the straight lines gives the relative transmission coefficients 
for the various series, the coefficient for the ethyl benzoate series being taken as unity. 
The values for the acid hydrolysis of ethyl benzoates are those of Timm and Hinshelwood 
(loc. cit.). 
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In the case of alkaline hydrolysis, log k,,. plotted against E gives, for all three series, 
lines the slope of which approximates ta — 2-303RT, showing that PZ is nearly constant and 
that the substituents exert their principal influence on the activation energy. 

. For acid hydrolysis, the benzoic esters show a well-marked correlation of PZ and E 
(Timm and Hinshelwood, loc. cit.), while with the phenyl acetates and the benzyl acetates 
the changes are too small and irregular to allow a definite conclusion to be reached. 


TABLE I. 


A. Alkaline Hydrolysis. 
(a) Benzyl acetates. Values of 10%. 

Benzyl acetate. m-Methyl-. -Methyl-. m-Nitro-. p-Nitro-. 

4-349 3-315 2-950 — _— 
10-22 7-782 7-170 35-30 45-9 
34-40 26-34 23-60 108-4 137-2 
69-95 54-64 48-76 209-1 266-0 
189-9 150-0 137-0 565-3 696-1 


(b) Phenyl acetates. Values of 107. 
Phenyl 
acetate. Temp. m-Methyl-. Temp. -Methyl-. Temp. -Amino-. 
1-26 —20-0° 0-82 —20-0° 0-65 —18-8° 0-74 
2-53 —10-0 1-95 — 10-0 1-75 —10-0 1-49 
7-48 0-0 5-22 0-0 4-50 0-0 3-80 
25-0 15-05 18-0 15-05 15-4 15-0 14-0 
57-6 24-9 38-0 31-0 24-9 27-2 
m-Nitro-. Temp. -Nitro-. . m-Carboxy-. Temp. -Carboxy-. 
18-3 — 20-0 29-0 1-90 —21-0 2-52 
41-0 —10-0 70-0 ° 5-50 —10-5 5-80 
97-0 0-0 140-0 ; 13-3 0-0 13-0 


280-0 15-05 430-0 . 39-5 15-0 48-8 
P 73-0 24-9 95-0 


(c) Ethyl benzoates. Values of 10k. 
Ethyl m- 


- m- ?- m- = 
Temp. benzoate. Methyl-. Méthyk. Nitro-. Nitro-. Amino-. Temp. po 
0-0° 3-02 1-640 1-060 185 358 1-59 24-9° 0-840 
15-0 12-74 7-224 4-77 666 1212 7-26 40-13 3-412 
24-9 28-68 17-10 11-56 1370 2442 16-47 60-0 17-37 
95-60 55-60 39-00 3863 6867 56-00 80-0 71-39 


(d) Methyl benzoates. Values of 10%. 


Temp. Methyl benzoate. p-Methoxy-. p-Nitro-. 

0-0° 1-000 0-200 91-68 
15-0 4-043 0-904 311-2 
24-9 9-007 2-218 640-2 
40-13 28-88 7-70 1697-0 


B. Acid Hydrolysis. 
(a) Benzyl acetates, Values of 105. 


Benzyl acetate. m-Methyl-. p-Methyl-. m-Nitro-. p-Nitro-. 
1-153 1-081 _ 1-075 1-070 
2-988 2-830 2-983 2-550 2-723 
12-30 10-43 12-36 10-31 10-75 
57-98 49-67 57-13 49-40 50-81 
227-9 201-7 226-0 186-5 197-9 


(b) Phenyl acetates. Values of 105. 

Phenyl acetate. m-Methyl-. -Methyl-. m-Nitro-. m-Carboxy-. p-Carboxy-. 
1-047 1-008 — 0-700 _— _ 
2-700 2-656 2-930 1-940 2-285 2-422 

11-44 10-97 11-80 7-615 10-02 9-82 
58-13 57-49 61-90 37-95 49-56 50-10 
268-0 257-0 284-4 157-6 220-4 218-6 
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TABLE II. 


A. Alkaline Hydrolysis. 


Rose X 10%. = logyg PZ. E (cals.). 
Benzyl acetate 7-91 12,320 
m-Methylbenzyl acetate , 7°88 12,420 
p-Methylbenzyl acetate . 7°88 12,480 
m-Nitrobenzyl acetate : 7-91 11,650 
p-Nitrobenzyl acetate , 7:87 11,470 


Phenyl acetate , 8-97 12,550 
m-Tolyl acetate . 9-04 12,860 
p-Tolyl acetate : 8-99 12,890 
m-Nitropheny] acetate 11,310 
p-Nitrophenyl acetate 11,000 
p-Aminopheny] acetate 12,930 
m-Carboxyphenyl acetate 12,070 
p-Carboxypheny] acetate 12,010 
Ethyl benzoate . 14,560 
Ethyl m-methylbedoate- 14,870 
Ethyl p-methylbenzoate 15,160: 
Ethyl m-nitrobenzoate 12,800 
Ethyl p-nitrobenzoate 12,400 
Ethyl m-aminobenzoate 14,980 
Ethyl p-aminobenzoate 16,700 
Methyl benzoate 14,160 
Methyl anisate 15,420 
Methyl] #-nitrobenzoate 12,290 


© 
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* Extrapolated. 


B. Acid Hydrolysis. 


Rose X 105. = logy) PZ. E (cals.). 
Benzyl acetate 3-078 7-58 16,400 
m-Methylbenzyl acetate 2-786 7-35 16,200 
p-Methylbenzyl acetate 3-162 7-40 16,200 
m-Nitrobenzy] acetate 2-683 7-29 16,100 
p-Nitrobenzyl acetate 2-757 7-39 16,200 


Phenyl acetate 2-767 8-10 17,200 
m-Tolyl acetate 2-685 8-08 17,200 
p-Tolyl acetate 2-934 8-09 17,200 
m-Nitropheny] acetate 1-945 7-61 16,700 
m-Carboxypheny]l acetate 2-374 7-94 17,100 
p-Carboxypheny]l acetate 2-460 7-81 16,900 


In each series E for the alkaline hydrolysis is much lower than E for the acid hydrolysis, 
and the difference accounts for much more of the difference in velocity than do the relatively 
small changes in PZ. In the ethyl benzoate series the activation energies in 56% acetone 
are about 3000 cals. lower than those found by Ingold and Nathan (loc. cit.) and Evans, 
Gordon, and Watson (loc. cit.) in 85° aqueous alcohol. 

The Transmission Coefficients—From Fig. 2 it is evident that the transmission coefficient 
for the influence of the substituent to the reaction centre is greatest in the case of the alkaline 
hydrolysis of benzoic esters, and then decreases in the order: benzoic esters (alkaline) 
> phenyl acetates (alk.) > benzyl acetates (alk.) > benzoic esters (acid) > phenyl acetates 
(acid), benzyl acetates (acid), the results in the case of the last two being irregular, but 
leaving no doubt that the transmission coefficient is very small. Approximate numerical 
values for the transmission coefficient in the alkaline hydrolysis are 1 in the ethyl benzoate 
series, 0-71 in the phenyl acetate series, and 0-36 in the benzyl acetate series. For acid 
hydrolysis of the benzoic esters a very rough value may be taken as 0-2, and with the 
remaining two series the value is nearly zero. For alkaline hydrolysis of methyl benzoates, 
where only two points are available, the transmission coefficient seems to be about the 
same as for ethyl benzoates. 

In interpreting these results, we must again consider the generally accepted mechanism 
of hydrolysis which is represented in the equations : 
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Alkaline hydrolysis. 


| 
ROR —>+ R-C—OR’ —»  RC—OH+ ROH + OH- 


OH HOH H H OH- 
Acid hydrolysis. 


| 
pa sity << ola R-C—OH + ROH + Ht 
H+ OH H 


H-OH Ht 
That the transmission should be greatest in the case of the alkaline hydrolysis of the benzoic 


esters is readily understandable. The reaction is of the type in which the influence of the 
substituent follows its influence on the approach of the reagent. In alkaline hydrolysis the 
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charged hydroxyl ion approaches the carbonyl carbon, and this is the nearest atom to the 
benzene ring which carries the substituents. With phenyl acetate, which shows the next 
most effective transmission, the nearest atom to the benzene ring is the ethereal oxygen, 
which receives a proton from an approaching water molecule: this process is impeded by 
electronic influences which facilitate the approach of hydroxyl to the carbon. A group, 
therefore, which facilitates the hydrolysis of benzoic esters, will have an adverse influence 
at the ethereal oxygen to which the water molecule with its feeble effective charge 
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approaches, and a favourable influence at the carbonyl carbon to which the fully-charged 
hydroxyl ion comes. The question therefore arises whether the oxygen atom conducts the 
effect of the substituent well enough to the carbonyl carbon to leave the total effect of 
the same sign as before, or whether the adverse effect at the ethereal oxygen predominates 
because the oxygen is nearer to the substituent. The fact that the value of « for the phenyl 
acetates compared with the benzoates is about 0-71 shows that the influence of the sub- 
stituent is still measured by its effect on the electron availability at the carbonyl carbon, 
even though the oxygen atom is interposed. This means either that the oxygen must 
be regarded as rather a good conductor, or that the adverse effect due to an unfavourable 
charge on the ethereal oxygen is rather unimportant; or perhaps that both statements 
are true. The anomalous behaviour of the semi-esters is referred to later. 
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The comparison of the phenyl and benzyl acetates is simple—the relative values of « 
measure the damping of the effect by the interposition of amethylene group. The reduction 
is from 0-71 to 0-36. 

The acid hydrolysis is a little more difficult to interpret. Here the reagent with the 
highest effective charge is the hydrogen ion which approaches the ethereal oxygen. 
Substituents which facilitate approach to the carbonyl oxygen of hydroxyl must oppose 
the approach of hydrion to the ethereal oxygen, so that in the acid hydrolysis of benzyl 
and phenyl acetates, since the ethereal oxygen is not only nearer than the carbonyl carbon to 
the substituent but is also the centre which is attacked by the most highly charged reagent, 
we might expect the influence of the substituents to be the opposite of what it is in the case 
of the alkaline hydrolysis. What is actually found is that the influence of the substituents 
is very small. This is clearly due to the balancing of the opposing influences at the two 
reaction centres, carbonyl and ethereal oxygen. The sign of the effect is sometimes the 
same as in alkaline hydrolysis and sometimes the reverse, and in some cases the small 
differences appear positive or negative according as they are judged by the activation 
energy or by the velocity. The irregularity of the effect is not of much significance, since 
the effect itself is so small. What is of greater interest is that no marked reversed effect 
appears when we pass from alkaline to acid hydrolysis, in spite of the fact that the sign of 
the charge on the reagent which attacks the atom nearest to the substituent.is reversed. 
This shows that the electron availability at the carbonyl carbon always remains of greater 
significance than the effective charge of the ethereal oxygen, whether this carbonyl carbon 
is attacked by a “ strong” or by a ‘‘ weak’ reagent. The tendency to a reversal is, how- 
ever, clearly shown by the reduction of « to a value of nearly zero, and perhaps also by the 
fact that in acid hydrolysis the actual velocities for the nitrophenyl acetates and nitro- 
benzyl acetates are smaller than those for the unsubstituted compounds—in contrast with 
what is found for the alkaline hydrolysis. 

Relative Influence of the Different Substituents—The relative influence of the different 
substituents in a given series of reactions appears to be fairly constant throughout the three 
series of alkaline hydrolyses (the effects in the acid hydrolysis being too small to make a 
reliable comparison possible). The results are summarised in Table III, which contains 
the ratios AE, /AE, yo, for each series. 





TABLE III. 
Relative influence of the different substituents in a given series in the alkaline hydrolysis. 
NO,. CH;. NH,. OCH;. coo-. 
ee co sit ~ - " ™~ —_—_—_, 
m-, ?-- m-. p-. m-. p-. ?-. m-. p-. 
Ethyl benzoates ...... 0-81 1:00 —0-:14 —0-:28 -—019 —0-99 —0-37 —_— _— 
Methyl benzoates ... — 1-00 — —_— — -- —0-67 _ _ 
Phenyl acetates ...... 0-80 1:00 —0-20 —0-22 — —0-25 —_ 0-31 0-35 
Benzyl acetates ...... 0-79 1:00 —0-12 —0-19 a — -- —_ _ 
Average ......... 0-80 1:00 —015 —023 -—019 — —0-52 (0-31) (0-35) 


The points of interest which this table reveals are as follows. The effect of the various 
groups appears in the order which the electronic theory would lead us to expect, except 
that the group COO~ appears to function as an electron-attracting group like the 
undissociated carboxyl group. Doubtless, the electron attraction has been diminished by 
the ionisation, but there is no basis of comparison by which the extent of this can be judged, 
and it is remarkable that the effect has not been completely reversed. Further work on the 
comparison of the electronic effect of the ionised carboxyl group with that of other 
groups will be of interest. 

With regard to the quantitative measure of the effects in terms of activation energy 
changes, it may be said that the results for different series show in general an accordance 
which is as close as could be expected. The #-amino-group is an exception. The effect 
of a meta-substituent is always smaller than that of a para-substituent, the ratio varying 
from 65% to 90% (except for the p-amino benzoate). 

The Values of PZ.—In the alkaline hydrolysis, the values of PZ are very nearly constant 
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for any given series, the mean being slightly greater than that for the corresponding series 
in acid hydrolysis, where, however, the values obtained at far less constant. For alkaline 
hydrolysis the values decrease in the order phenyl acetates > methyl benzoates 
> ethyl benzoates > benzyl acetates, and for acid hydrolysis where comparison is possible 
the same relative order is found (see Table IV). 


TABLE IV. 
Average value of log,, PZ. P x 104. 


Alkaine hydsolyale. Acid hydrolysis. Alkaline hydrolysis. Acid hydrolysis. 
Benzyl acetates 7-890 7-402 1-4 
8-295 7-739* 3-0 
Methyl benzoates 8-640 _ = 
Phenyl acetates 8-951 7-938 4-7 


* Timm and Hinshelwood, loc. cit. 





In the estimate of the absolute values of P, Z is calculated by the usual kinetic-theory 
formula, and a value of 4 x 10° cm. assumed for the diameters. The differences may be 
partly explained by geometrical factors, but other conditions, probably connected with 
the internal energy distributions, must also be playing their part. 


PuysIcaAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, : 
OXFORD UNIVERSITY. [Received, September 10th, 1938.] 





334. The Behaviour of Anhydromethylhexosides towards Alkaline Re- 
agents. Preparation of Derivatives of 3-Amino-glucose and 2-Amino- 


altrose. 
By S. Peat and L. F. WiGcGIns. 


Methods have been developed for the synthesis of amino-sugars by the action 
of ammonia on anhydromethylhexosides. Tetra-acetyl 3-amino-a-methylglucoside 
has been obtained by appropriate reactions from 3-p-toluenesulphonyl triacetyl «- 
methylglucoside, from 4: 6-benzylidene-2 : 3-anhydro-a-methylalloside and from 
3 : 4-anhydro-a-methylalloside. In the £-series, 3 : 4-anhydro-$-methylalloside gives 
tetra-acetyl 3-amino-B-methylglucoside, which is converted into the «a-isomeride by 
methyl-alcoholic hydrogen chloride. The preparation of the a- and the #-form of 
trimethyl 3-acetamido-methylglucoside is described and a number of other derivatives of 
3-amino-glucose are characterised. 

In addition, it is shown that a mixture of 4 : 6-benzylidene 2-amino-a-methylaliroside 
diacetate and 4: 6-benzylidene 3-amino-a-methylglucoside diacetate in the proportion 
10: 1 is obtained from 4: 6-benzylidene 2 : 3-anhydro-«-methylalloside. 

Further examples are given of the mode of scission by alkali of the anhydro-ring 
in 2: 3-anhydro-§-methylalloside and the following crystalline derivatives are 
described: 4: 6-benzylidene. 3-methyl ®-methylglucoside, 4: 6-benzylidene 2-methyl 
B-methylaliroside, 4: 6-dimethyl B-methylaltroside. 


THE interest attaching to glucosamine and other amino-sugars of biological importance 
has led us to investigate the possibilities of synthesis in this group. The ease of scission 
by alkali of the oxide ring in anhydro-sugars indicates the suitability of these compounds 
as intermediates in syntheses of the type in question and it has in fact been found possible 
to introduce the amino-group into a sugar molecule by the action of ammonia on such 
anhydrides. 

The preparation of 3-amino-altrose by the action of ammonia on a derivative of 
2-p-toluenesulphonyl glucose (Bodycote, Haworth, and Hirst, J., 1934, 151) undoubtedly 
occurs by the intermediate formation of a 2 : 3-anhydromannose (cf. Lake and Peat, this 
vol., p. 1417) and thus provides an example of the type of reaction here envisaged. 
Freudenberg, Burkhart, and Braun (Ber., 1926, 59, 714) were able to prepare 3-amino- 
glucose diacetone by the action of ammonia on the corresponding 3--toluenesulphonyl 
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derivative. No possibility exists in this preparation of the formation of anhydride linkages 
and for that reason the interchange is not attended by a Walden inversion and the amino- 
sugar most probably retains the glucose configuration. In a similar manner we have 
prepared tetra-acetyl 3-amino-a-methylglucoside (IV) by the action of ammonia on triacetyl 
3-p-toluenesulphonyl «-methylglucoside (V) (cf. Peat and Wiggins, this vol., p. 1088), 
followed by acetylation of the product. The possibility of anhydro-ring formation under 
the influence of the alkaline reagent is not excluded in this case and the product may have 
been a derivative of glucose, altrose, or gulose. That it was indeed a derivative of glucose 
became evident when it was also obtained by the action of ammonia on derivatives of 
both 2 : 3- and 3 : 4-anhydromethylallosides. 

It was shown by Peat and Wiggins (loc. cit.) that 3-p-toluenesulphonyl methylglucoside 
yields, when treated with alkali, a mixture of 2 : 3-anhydromethylalloside (60%), 3: 4- 
anhydromethylalloside (25%), and 3 : 6-anhydromethylglucoside (15%). The first of these 
components is separated as the benzylidene derivative, and the second as a crystalline 
dimethyl derivative. The separation of the 3 : 4-anhydro- and 3 : 6-anhydro-substances 
is incomplete and, as the 3 : 6-anhydro-ring is stable to ammonia, the mixture of 3 : 4- 
anhydromethylalloside (60%), and 3: 6-anhydromethylglucoside (40%) was used as a 
source of the former substance in the experiments described below. 

The derivatives of two amino-sugars are obtained when 4 : 6-benzylidene 2 : 3-anhydro- 
a-methylalloside (I) is heated under pressure with methyl-alcoholic ammonia. These 
products, which are conveniently isolated as the crystalline acetates, are formed in the 
proportion 1: 10. Since the hydrolysis of the same compound (I) with sodium methoxide 
results in the isolation of a derivative of altrose in 87% yield (Robertson and Griffith, 
J., 1935, 1197), it is reasonable to assume that, of the two acetates obtained here, that 
which preponderates is 4 : 6-benzylidene 2-amino-a-methylaltroside diacetate (II), the other 
constituent of the mixture being 4: 6-benzylidene 3-amino-a-methylglucoside diacetate 
(III)—-a conclusion that follows from considerations of the mode of scission of the 
ethylene-oxide ring in sugars (Peat and Wiggins, Joc. cit.). Removal of the benzylidene 
group from the glucoside (III) was effected by treatment with 0-5% methyl-alcoholic hydro- 
gen chloride. Acetylation of the product gave tetra-acetyl 3-amino-«-methylglucoside 
(IV) identical with that prepared directly from the #-toluenesulphonate (V). 

The hydrolysis by means of ammonia of a 3: 4-anhydromethylalloside should lead, 
in an analogous manner, to the formation of derivatives of 3-amino-glucose and 4-amino- 
gulose. In the earlier paper it is shown that, when sodium methoxide is used as the 
hydrolytic agent, derivatives of 3-methyl glucose (ca. 70%) and 4-methyl gulose (ca. 30%) 
are produced together. We have been unable to isolate the amino-gulose constituent 
in the present case, but ample evidence has been obtained of the formation of amino- 
glucose. The mixture of 3 : 4-anhydro-a-methylalloside (VI) and 3 : 6-anhydro-a«-methyl- 
glucoside prepared as described yielded, on treatment with ammonia, crystalline 3-amino- 
a-methylglucoside. The last-named substance was smoothly converted into the tetra- 
acetate (IV) by acetylation. It was clear from the yield that the 3-amino-methylglucoside - 
must have been derived from the 3: 4-anhydromethylalloside and not from the very 
small amount of 2 : 3-anhydromethylalloside likely to be present in the mixture of anhydro- 
methylglycosides. ; 

A study of the action of ammonia on 3 : 4-anhydro-$-methylalloside (XI) revealed no 
essential difference in the mode of scission of the anhydro-ring in the «- and the 6-series. 
From (XI) was prepared 3-amino-§-methylglucoside and its hydrochloride. Both of 
these substances are described by Freudenberg, Burkhart, and Braun (loc. cit.). Acetyl- 
ation of 3-amino-$-methylglucoside gave tetra-acetyl 3-amino-$-methylglucoside (VII), 
the constitution of which as a derivative of glucose was established by its conversion, 
when treated with 2% methyl-alcoholic hydrogen chloride, into the «-isomeride (IV) 
-(cf. Cutler, Haworth, and Peat, J., 1937, 1979). 

3-Amino-glucose was isolated as a syrup when the tetra-acetate (IV) was hydrolysed 
with mineral acid, and oxidation of the free sugar with mercuric oxide yielded a hygroscopic 
solid, the constants of which were in fair agreement with those ascribed by Freudenberg, 
Burkhart, and Braun to 3-amino-gluconic acid. 
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When the crystalline dimethyl 3 : 4-anhydro-8-methylalloside (VIII) is submitted to 
the action of ammonia, and the product acetylated, there is obtained the diacetate of a 
dimethyl methylhexoside which, for reasons similar to those given above, is regarded as 
4-acetyl 2 : 6-dimethyl 3-acetamido-B-methylglucoside. By treatment of this product with 
methyl sulphate and sodium hydroxide solution, the O-acetyl is replaced by a methyl 
group and trimethyl 3-acetamido-B-methylglucoside (1X) results. The a-isomeride (X) of this 
compound is prepared by the simultaneous deacetylation and methylation of the tetra- 
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We have been able to show by further examples that the hydrolytic opening of an 
anhydro-ring in a sugar takes place in two directions and that, in favourable circumstances, 
derivatives of two configurationally isomeric sugars may be isolated as products of such 
hydrolysis. The formation described above of a mixture of derivatives of 3-amino- 
methylglucoside and 2-amino-methylaltroside from a 2: 3-anhydromethylalloside is a 
case in point. In addition, it has been found that treatment of dimethyl 2 : 3-anhydro- 
8-methylalloside with sodium methoxide produces a mixture of crystalline 3 : 4 : 6-tri- 
methyl 6-methylglucoside (5%) and a syrup (66%) which is, by analogy, 2: 4: 6-ir1- 
methyl B-methylaliroside. The glucoside was identical (by mixed melting point determin- 
ation) with that prepared by Haworth, Hirst, and Panizzon (J., 1934, 154). Acid hydrolysis 
of the altroside gave 2: 4: 6-trimethyl altrose ([«]p + 38-2°), which also was a syrup. 
Robertson and Dunlop (this vol., p. 476) give [«]p + 79-3° for this compound prepared 
from the a-methylaltroside. It is to be observed, steadied that these authors did not 
separate any glucose in their experiments. 

A better example was found in the hydrolysis with sodium methoxide of 4 : 6-benzyl- 
idene 2 : 3-anhydro-8-methylalloside, for, in this case, the products were both crystalline. 
They were 4 : 6-benzylidene 3-methyl 8-methylglucoside (12%) and 4 : 6-benzylidene 2-methyl 
8-methylaltroside (72%). That the first-named compound was actually a glucose de- 
rivative was shown by its methylation to form a product identical in melting point and 
rotation with the 4 : 6-benzylidene 2 : 3-dimethyl 8-methylglucoside prepared from glucose 
by Freudenberg, Toepffer, and Anderson (Ber., 1928, 61, 1758). 
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It has already been indicated that in the hydrolysis of 2 : 3-anhydromethylalloside 
and its derivatives, the chief product has the altrose configuration, the amount of glucose 
formed at the same time rarely exceeding 10% of the mixture. This disproportion accounts 
for the failure in some cases to isolate the glucose constituent. Thus in the hydrolysis of 
dimethyl 2 : 3-anhydro-§-methylalloside with aqueous potassium hydroxide only the 
altrose derivative was isolated.* This was 4 : 6-dimethyl 6-methylaltroside, which, unlike 
the «-isomeride prepared by Robertson and Dunlop (loc. cit.), was crystalline (m. p. 118°; 
[«]i?” — 49-3°) and non-hygroscopic. It was clearly the altroside and not the glucoside 
which had been isolated, since 4: 6-dimethyl 8-methylglucoside has m. p. 50—52°; 
[a]*° — 28-8° (Bell and Synge, J., 1937, 1711). It was not found possible to prepare a 
crystalline 4 : 6-dimethyl altrose by acid hydrolysis of the 8-methylaltroside. 
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EXPERIMENTAL. 


Action of Ammonia on 4: 6-Benzylidene 2 : 3-Anhydro-u-methylalloside (1).—The «-methyl- 
alloside (1-98 g.), prepared by the method of Peat and Wiggins (loc. cit.), was dissolved in 
methyl alcohol (60 c.c.) saturated with dry ammonia at 0°, and heated in a sealed tube at 
150° for 35 hours. The solution was then evaporated, and the residue freed from ammonia 
by heating at 80° in a vacuum for several hours. The product (2 g.) separated as a gel from 
either methyl alcohol or chloroform—petrol. It had m. p. 162—166° and [a]? + 119° in 
chloroform (c, 0-75). 

In a second experiment, the «-methylalloside (3-3 g.) was heated at 140° with methyl-alcoholic 
ammonia for 3 days. The product was acetylated by treatment with acetic anhydride (3-4 
c.c.) and pyridine (30 c.c.) at room temperature for 48 hours and the solution was then diluted 
with chloroform and washed successively with 5% sulphuric acid, sodium bicarbonate solution, 
and water. Evaporation of the dried chloroform solution left a crystalline acetate (3-2 g.), 
which was separated by crystallisation from methyl alcohol and from ether into two fractions : 
Fraction A (0-27 g.), m. p. 270°, [«]}*° + 44-6° in chloroform (c, 1-01); and fraction B (2-5 g.), 
m. p. 184°, [a]/® + 52-5° in chloroform (c, 1-45). For reasons given above, substance (A) 
is recognised as 2-acetyl 4: 6-benzylidene 3-acetamido-a-methylglucoside (III) (Found: C, 59-3; 
H, 6-4; N, 4:2. C,,H,,0,N requires C, 59-2; H, 6-3; N, 3-9%), and fraction B as 3-acetyl 
4: 6-benzylidene 2-acetamido-a-methylaltroside (II) (Found: N, 3-9%). 

Triacetyl 3-Acetamido-a-methylglucoside.—The a-methylglucoside (A) (0-125 g.) was heated 
at 55° with 0-5% methyl-alcoholic hydrogen chloride until the rotation became constant at 
[a]p + 106°. The syrup obtained after neutralisation and evaporation to dryness was boiled 
for 5 minutes with acetic anhydride (2 c.c.) and sodium acetate (0-5 g.). The product, isolated 
in the usual way, was ¢riacetyl 3-acetamido-a-methylglucoside (IV). It had m. p. 178°, 
[x]? + 101-9° in chloroform (c, 1-07), and the yield (after recrystallisation from acetone) was 
0-05 g. (Found: C, 49-6; H, 6-5; N, 3-9. C,;H,,0,N requires C, 49-8; H, 6-4; N, 3-9%). 

The Action of Ammonia on 3: 4-Anhydro-a-methylalloside (V1).—The alkaline hydrolysis 
product of 3-p-toluenesulphonyl triacetyl «-methylglucoside has been shown by Peat and 
Wiggins (loc. cit.) to consist of a mixture of three anhydro-a-methylhexosides. The 2: 3- 
anhydromethylalloside was removed from this mixture (5-3 g.) as the benzylidene derivative 
and the residue (2-9 g.), consisting of 3 : 4-anhydro-«-methylalloside (60%) and 3 : 6-anhydro- 
a-methylglucoside (40%), was heated with methyl-alcoholic ammonia at 150° for 35 hours. 
The product of this treatment was separated by solution in methyl alcohol into a crystalline 
fraction (A) (0-8 g.) and a syrupy fraction (B) (1-9g.). The substance (A) was 3-amino-a-methyl- 
glucoside and, after recrystallisation from methyl alcohol, showed m. p. 167—168° and 
[a] + 144-4° in water (c, 0-85) (Found: C, 43-8; H, 7-7; N, 8-0. C,H,,0,N requires C, 
43-5; H, 7-7; N, 7-3%). On acetylation with acetic anhydride and sodium acetate, this sub- 
stance was converted into tetra-acetyl 3-amino-«-methylglucoside (m. p. 178°; [a]}% + 101° 
in chloroform) identical with that prepared from the 2 : 3-anhydro-«-methylalloside (see above). 
The syrup (B) consisted principally of the 3 : 6-anhydromethylglucoside, which is not affected 


* Note added in proof (October 29th). This statement now needs emendation. In the interval, the 
glucose constituent of the mixture has been isolated in crystalline form from the mother-liquors after 
recrystallisation of the 4: 6-dimethyl £-methylaltroside. The product (10 mg. from 0-23 g. of trimethyl 
2: 3-anhydro-£-methylalloside) has m. p. 51—52° and [a]p — 27-8° in chloroform (c, 0-94) (Found: 
OMe, 413%). It gives no depression of m. p. in admixture with an authentic apa of 4: 6- 
dimethyl £-methylglucoside (kindly provided by Dr. D. J. Bell). 











1814 Peat and Wiggins: The Behaviour of 


by ammonia. It contained also a little of the 3-amino-a-methylglucoside, for on acetylation 
of the syrup the tetra-acetate (0-25 g.) was obtained. 

The Action of Ammonia on 3 : 4-Anhydro-B-methylalloside (XI).—By the hydrolysis of the 
8-isomeride of 3-p-toluenesulphony] triacetyl methylglucoside (11 g.), the mixture of anhydro- 
8-methylhexosides was obtained and from the latter (2-85 g.), the 2: 3-anhydro-8-methyl- 
alloside was removed as the benzylidene derivative. The remaining syrup (2 g.) was treated 
with ammonia as described for the «-isomeride. In this way 3-amino-$-methylglucoside (0-35 g.) 
was obtained. After recrystallisation from methyl alcohol, this substance showed m. p. 206° 
and [a]? — 47-4° in water (c, 0-81) (Found: C, 43-7; H, 7-°9%). A small amount (25 mg.) 
was converted into the hydrochloride by treatment in the cold for 1 hour with 5% methyl- 
alcoholic hydrogen chloride and neutralisation with lead carbonate. The hydrochloride (15 
mg.) had m. p. 185° (decomp. at 206°) and [«]?” — 35° (approx.) in water (Found: C, 36-7; 
H, 7:2; N, 7:3; Cl, 15-9. Calc. for C,H,,0,N,HC1: C, 36-7; H, 7-0; N, 6-1; Cl, 15-5%). 
Freudenberg, Burkhart, and Braun (loc. cit.) record m. p. 206° and [«]p — 46-6° (in water) for 
this compound, prepared from diacetone glucose. 

3-Amino-8-methylglucoside (0-2 g.) on acetylation in the usual way with acetic anhydride 
and sodium acetate gave triacetyl 3-acetamido-B-methylglucoside (VII) (0-19 g.), which, after 
recrystallisation from chloroform-petrol, had m. p. 160° and [a]}®° — 21-4° in chloroform 
(c, 1-124) (Found: C, 50-3; H, 6-6; N, 4-1%). 

Conversion into the a-isomeride. Tetra-acetyl 3-amino-B-methylglucoside (0-13 g.) was 
boiled with 2% methyl-alcoholic hydrogen chloride (10 c.c.) for 11 hours, during which the 
rotation changed from [«]p — 17° to + 61-5°. The solution was neutralised with silver carbon- 
ate and filtered, and the solvent evaporated. The residue was acetylated with acetic anhydride 
and sodium acetate. The product (0-085 g.), after recrystallisation, had m. p. 177° and 
[«]}” + 101° in chloroform. It showed no depression of m. p. in admixture with tetra-acetyl 
3-amino-a-methylglucoside. 

Action of Ammonia on 3-p-Toluenesulphonyl a-Methylglucoside Triacetate (V).—The substance 
(30 g.) was heated in sealed tubes at 150° for 30 hours with methyl alcohol (150 c.c.) saturated 
with ammonia (at 0°). Thereafter, the solution was evaporated, and the residue heated at 95° 
in a vacuum for several hours. Solution of the syrup in alcohol and addition of ether pre- 
cipitated ammonium #-toluenesulphonate. The filtrate therefrom was evaporated, and the 
syrupy residue acetylated by treatment with acetic anhydride (200 c.c.) and sodium acetate 
(40 g.). The product (5-5 g.), after three recrystallisations from acetone, showed [«]}?° + 101-7° 
in chloroform and m. p. 178-5° (alone or in admixture with tetra-acetyl 3-amino-a-methy]l- 
glucoside). 

Hydrolysis of Tetra-acetyl 3-A mino-a-methylglucoside.—The glucoside (4-9 g.) was heated on 
a water-bath with 6% hydrochloric acid for 34 hours, during which time [a]p changed from 
+ 111° to + 38° (constant value). Neutralisation of the solution with silver carbonate and 
evaporation to dryness yielded 3-amino-glucose as a syrup (2-1 g.), which showed [a]? + 18-4° 
in water (c, 1-25). 3-Amino-glucose was oxidised by heating in water with yellow mercuric 
oxide. 3-Amino-gluconic acid was so obtained as a hygroscopic solid which could not be 
crystallised : [a]? + 12-9° in water (c, 1-7). Freudenberg, Burkhart, and Braun (loc. cit.) 
give m. p. 168° (decomp.) and [a]599 + 13° for this compound. 

Methylation of Tetra-acetyl 3-A mino-a-methylglueoside.—The substance (4 g.) was dissolved in 
water (200 c.c.), the solution mixed with carbon tetrachloride (200 c.c.), and the mixture treated 
(with vigorous stirring) with methyl sulphate (50 c.c.) and 30% sodium hydroxide solution 
(240 c.c.) at 50° (cf. Holden and West, J. Amer. Chem. Soc., 1934, 56, 930). A product (0-5 g.) 
was obtained which, after recrystallisation from ethyl acetate, had m. p. 156° (decomp.) and 
[a}#?" 4+- 131-1° in chloroform (c, 1-06). This substance is 2:4: 6-trimethyl 3-acetamido-a- 
methylglucoside (X) (Found: C, 51-6; H, 83; N, 5-05; OMe, 44-0. C,,H,,0,N requires 
C, 51-9; H, 83; N, 5-05; OMe, 447%). 

The Action of Ammonia on Dimethyl 3 : 4-Anhydro-B-methylalloside (VIII).—[For the pre- 
paration of this crystalline derivative, see Peat and Wiggins (loc. cit.).] The substance (1 g.) 
was heated at 130° for 30 hours with methyl-alcoholic ammonia (50 c.c.). The syrupy product 
distilled at 120—125°(bath temp.)/0-02 mm. without decomposition. The distillate (1 g., 
ni" 1-4781) was acetylated with acetic anhydride and sodium acetate and the product (0-9 g.) 
was separated by crystallisation from ethyl acetate—petrol into a crystalline fraction (0-65 g.) 
and a syrup (0-2 g.). The crystalline substance is 4-acetyl 2 : 6-dimethyl 3-acetamido-B-methyl- 
glucoside, m. p. 142°, [«]?#° — 50-9° in chloroform (c, 1-19) (Found: C, 51-0; H, 7:6; OMe, 
20-1. C,,;H,,0,N requires C, 51:1; H, 7:5; OMe, 20-4%). 
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This acetate (0-45 g.) was treated with methyl sulphate and sodium hydroxide solution 
in the presence of carbon tetrachloride as described previously and trimethyl 3-acetamido-B- 
methylglucoside (IX) (0-2 g.) was produced. The product, after recrystallisation from ethyl 
acetate—petrol, had m. p. 134—135° and [«]}; — 82-9° in chloroform (c, 1-17) (Found: C, 51-4; 
H, 84; N, 4:9; OMe, 44-8%). 

Action of Sodium Methoxide Solution on Dimethyl 2: 3-Anhydro-B-methylalloside.—The 
6-methylalloside (m. p. 5|0—51°; 0-43 g.) was boiled for 30 hours, with methyl alcohol (10 c.c.) 
containing 5% of sodium methoxide. The product, isolated as described in the previous 
paper, distilled at 110—115°(bath temp.) /0-025 mm. and had nj} 1-4565. Yield, 0-41 g. On 
keeping, partial crystallisation occurred and it was possible, by spreading on a porous tile, to 
separate the crystalline fraction from the syrup. The crystalline fraction was 3 : 4 : 6-trimethyl 
8-methylglucoside and showed, after recrystallisation from ether—petrol, m. p. 51—52° (alone 
or in admixture with an authentic specimen) and [«]}?° — 20-9° in chloroform (c, 1-34) (Found : 
OMe, 52-1. Calc. for CygHgO,: OMe, 52°5%). Yield, 0-02 g., i.e., 5% of the mixture. 

The syrupy fraction, extracted from the tile, was for the greater part 2: 4: 6-trimethyl 
§-methylaltroside. It distilled at 105°(bath temp.)/0-02 mm. and showed n?* 1-4545; 
[«]>° — 18-1° in chloroform (c, 1-12) (Found: OMe, 52-3%). Yield, 0-23 g., i.e., 66% of the 
mixture. The ®-methylaltroside (0-22 g.) was hydrolysed by heating at 95° with 5% hydro- 
chloric acid for 13 hours, during which time [«]p changed to + 76-2°. The product, 2: 4: 6- 
trimethyl altrose, was obtained as a syrup (0-18 g.) of [«]}8° + 38-2° in chloroform (c, 1-7) 
(Found: OMe, 41-4. Calc. for C,H,,0,: OMe, 41:9%). Robertson and Dunlop (loc. cit.) 
give [«]}* + 79-3° (in chloroform) for this compound. 

Action of Aqueous Potassium Hydroxide on Dimethyl 2 : 3-Anhydro-B-methylalloside.—The 
substance (0-23 g.) was heated on a boiling water-bath with 5% potassium hydroxide solution 
for 20 hours, during which [«]p changed from + 43-2° to — 17:3°. Thereafter the cooled solu- 
tion was saturated with potassium bicarbonate and exhaustively extracted with chloroform. 
The dried chloroform extract yielded a syrup (0-21 g.), which crystallised after distillation 
at 130—135°(bath temp.)/0-025 mm. The product, 4: 6-dimethyl B-methylaltroside, separated 
from ether in large prisms, m. p. 118°, [«]}* — 49-3° in chloroform (c, 1-54) (Found: OMe, 
41-0. C,H,,0, requires OMe, 41:9%). Complete hydrolysis of the altroside was effected 
by heating on a boiling water-bath with 2% hydrochloric acid for 44 hours ([a]p + 56-5°, 
calculated on a dimethyl hexose) and 4 : 6-dimethyl altrose (0-05 g.)-was isolated as a reducing 
syrup (Found: OMe, 29-4. Calc. for C,H,;,0,: OMe, 29-8%). The amount of material 
availablé was too small for further purification to be attempted. Robertson and Griffith 
(loc. cit.) record m. p. 158—160° and [a]}” + 102-9° —-> + 64-9° (constant value in water) 
for this compound. 

Action of Sodium Methoxide Solution on 4: 6-Benzylidene 2 : 3-Anhydro-B-methylalloside.— 
The material (2 g.) was boiled with 5% sodium methoxide solution (70 c.c.) for 24 hours. The 
product (2-3 g.), extracted in the usual way, was crystalline and was separated by crystallisation 
from a minimum quantity of methyl alcohol into 4: 6-benzylidene 3-methyl-B-methylglucoside 
(m. p. 166°) and 4: 6-benzylidene 2-methyl B-methylaltroside (m. p. 127—-129°). The 6-methyl- 
glucoside, recrystallised from ethyl alcohol, showed [a]}/° — 46-0° in chloroform (c, 1-265) 
(Found: OMe, 20-6. C,sH,, O, requires OMe, 21-0%). Yield, 0-3 g., i.e., 12% of the crude 
mixture. The $-methylaltroside separated from chloroform—light petroleum in small prisms, 
[a] — 48-0° in chloroform (c, 1-86); yield, 1-7 g., i.e., 72% of the mixture (Found: OMe, 
20-9%). 

4 : 6-Benzylidene 3-methyl 8-methylglucoside (0-1 g.) was methylated by three treatments 
with Purdie’s reagents and gave 4: 6-benzylidene 2: 3-dimethyl B-methyglucoside (0-08 g.) 
of m. p. 134° and [a]}® — 60-2° in chloroform (c, 0-856) (Found: OMe, 29-7. Calc. for 
C,,H,,0,: OMe, 30-1%). Freudenberg, Toepffer, and Anderson (Joc. cit.) record m. p. 134° 
and [a]? — 61-0° (in alcohol) for this compound. 
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335. Hydroxy-by-products in Aromatic Nitration. 


By G. M. BENNETT and Puiip V. YOULE. 


In the nitration of nitrobenzene, phenylmethylsulphone, diphenylsulphone, and 
benzenesulphonyl chloride, hydroxy-by-products are formed, in amounts of 1% or 
more. In several cases styphnic acid is the by-product, the original substituent 
having been displaced. The phenomenon appears to depend, both in these instances 
and in the nitration of simple benzene hydrocarbons, on the entry of a hydroxyl 
group according to the ordinary orientation law, followed by polynitration and some- 
times by the loss of the original substituent under the influence of the nitro-groups 
which have entered the molecule. 


DuRING an examination of the nitration of benzenesulphony] chloride (Bennett and Youle, 
this vol., p. 887) the presence, among the products, of a polynitro-hydroxy-by-product 
was detected in a proportion of nearly 2% of the material. Although the production 
of traces of such by-products during certain nitrations has long been known, the instances 
recorded in the literature are all in nitrations of simple aromatic hydrocarbons. We have 
now examined several other nitrations from this point of view and the results are 
summarised in Table I, together with the facts already published. 


TABLE I. 


Hydroxy-by-products produced in Nitrations. 
Substance 
nitrated. By-product. Yield, %. Reference. 
Benzene Picric acid _— Groves, Proc., 1891, 7, 91 
: 4-Dinitrophenol 0-03 This paper 
Toluene : §-Dinitro-p-cresol — Noelting, Ber., 1885, 18, 2670; 
and Lapworth and Mills, Proc., 
: §-dinitro-o-cresol 1898, 14, 159 
: §-Dinitro-p-cresol 0-7 This paper 
o-Xylene : §-Dinitro-4-hydroxy-o-xylene —_— Noelting and Pick, Ber., 1888, 
and 21, 3158 
4 : 6-dinitro-3-hydroxy-o-xylene 
Chlorobenzene Not identified Less than This paper 
0-006 
Nitrobenzene Styphnic acid 0-5—6-5 This paper 
(see table, 
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Benzenesulphonyl 2: 4: 6-Trinitro-3-hydroxybenzene- . 1-7 , Bennett and Youle, loc. cit. 

chloride sulphonyl chloride, 

isolated as 
trinitrohydroxydiphenylamine 

Phenylmethyl- Styphnic acid 1-3 This paper 

sulphone 
Diphenylsulphone Styphnic.acid 2-2 This paper 

The main general conclusions are (1) that the’by-products are all derived from hydroxy- 
compounds in which the hydroxy] group has entered the molecule according to the normal 
orientation law under the influence of the substituent originally present, whether that 
substituent is 0pf- or m-directive; (2) that the amount of by-product is very much larger in 
the case of the m-directive substituents; (3) that in several cases the original substituent 
has been lost in the formation of the final by-product. 

In the nitration of nitrobenzene styphnic acid is produced, under various conditions, 
in amounts up to 5—6% (Table II). This might, by itself, have been taken to involve 
the direct entry of two hydroxyl groups in the o- or p-position to the nitro-group, but the 
true explanation is evident from a consideration of the facts that styphnic acid is also the 
by-product from phenylmethylsulphone and diphenylsulphone, and that benzene- 
sulphonyl chloride yields trinitro-m-hydroxydiphenylamine after the nitration products 
have been allowed to react with aniline. . In these three instances it is clear that the 
original substituent has been displaced, in the sulphones by hydroxyl and in the sulphonyl 
chloride by the anilino-group, these being secondary reactions which are not surprising, 
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since the substituent in question would in each case be under the influence of three nitro- 
groups in the of-positions. In the nitration of nitrobenzene, therefore, m-nitrophenol is 
the primary by-product and the 2: 3:4: 6-tetranitrophenol, formed from it, loses one 
nitro-group in an analogous manner to give styphnic acid. The formation of styphnic acid 
from m-nitrophenol was in fact recorded by Bantlin (Ber., 1877, 10, 524; 1878, 11, 2099; 
compare Henriques, Annalen, 1882, 215, 321), and Blanksma (Rec. Trav. chim., 1902, 21, 
254) has shown that the tetranitrophenol in question is converted into styphnic acid by 
nitric acid. 

In the course of their classic studies Holleman and de Bruyn (Rec. Trav. chim., 1900, 
19, 79) recovered 1-7 grams of a slightly yellow solid by evaporating the mother-liquors 
after nitrating 30 grams of nitrobenzene. This, they concluded, contained 0-7 gram of 
dinitrobenzene, a little inorganic matter and some hydroxy-by-product, but it was not 
identified. They noted that the alcoholic solutions produced in their extraction analysis 
had a more intense colour and a higher density than were to be expected. All these points 
may now be attributed to the presence of styphnic acid. 

The extensive production of nitrophenols in the presence of mercury catalysts is well 
known : picric acid, formed in yields of 40% (Wolffenstein and Boeters, Ber., 1913, 46, 
586; D.R.-P. 194,883), and 2 : 4 : 6-trinitro-m-hydroxybenzoic acid, formed from benzoic 
acid in presence of mercuric nitrate (Wolffenstein and Paar, Ber., 1913, 46, 589), are the 
products to be expected according to the rules we have found. But Davis, Worrall, 
Drake, Helmkamp, and Young (J. Amer. Chem. Soc., 1921, 48, 594) conclude from their 
experiments that the products obtained in presence of a mercury catalyst are characteristic 
and are not the result merely of.acceleration of some direct oxidation process. The 
production of trinitro-m-cresol from toluene and of trinitro-m-chlorophenol from chloro- 
benzene, which they record, certainly does not fall into line with the results of uncatalysed 
nitrations, and it would appear, therefore, that the two phenomena must be regarded as 
separate problems for investigation. 

The prominence of the by-products when an electron-attracting group is present 
suggested the possibility that kationoid reactivity might be involved (Bradley and 
Robinson, J., 1932, 1254), but the orientation of the products negatives this. 

Another suggestion considered was that the by-product in the nitration of benzene 
arose from the hydrolysis of small amounts of o- and #-dinitrobenzenes to nitrophenols. 
We find, however, that o- or #-dinitrobenzene can be added to the nitrating acid under 
similar conditions without producing any detectable trace of nitrophenols, so this 
hypothesis is untenable. 

The suggestion was made by Armstrong and Rossiter (Proc., 1891, 7, 89) that the 
elements of nitric acid might be added to one double bond of the benzene molecule to 
yield an intermediate, which would yield the nitro-compound by loss of water, but phenol 
by loss of nitrous acid. Such an explanation is, however, scarcely consistent with modern 
views of aromatic reactivity : moreover it does not seem easy to reconcile it with the 
orientations of the observed products. 

Experiments on the nitration of nitrobenzene under various conditions (Table II) 
indicate that the formation of the by-product does not depend on the presence of nitrous 
acid, but that it is promoted by the presence of sulphuric acid. These points will require 
further investigation : meanwhile we prefer to confine our conclusions to the statement 
that a nuclear hydroxylation takes place which appears to follow the usual rules of 
orientation. 

EXPERIMENTAL. 

General Method.—After a given substance had been nitrated, the nitration mixture was 
poured on ice. Then, either the whole mixture was extracted with benzene, or the liquid was 
extracted directly and the solid stirred several times with benzene. The mixed benzene 
extracts were themselves extracted with 4n-sodium hydroxide. The alkaline solution was 
generally shaken with a little pure benzene, to dissolve everything but nitrophenols, and 
acidified with dilute nitric acid at 0°. _ Then, either the phenols were filtered off, or the solution 
was ether-extracted. Purification of the small yields of crude products so obtained was some- 
times difficult. , 
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Nitration of benzene. Benzene (A.R., 454 c.c.) was stirred into a mixture of nitric acid 
(d 1-42, 304 c.c.) and sulphuric acid (96%, 332 c.c.) at 65°. A solid was isolated, m. p. 114°; 
mixed m. p. with 2: 4-dinitrophenol, 114°; mixed m. p. with p-nitrophenol, 80° (yield, 0-03%). 
Comparative recrystallisation with 2 : 4-dinitrophenol showed that both substances crystallised 
in small, highly doubly refracting plates, with straight extinction. o-Dinitrobenzene and p- 
dinitrobenzene, after the same treatment, showed no trace of nitrophenols (colourless solution). 

Nitration of chlorobenzene. Chlorobenzene (500 g.) was stirred at 0° with nitric acid (d 
1-52, 1200 c.c.). The by-product finally isolated was insufficient for purification (0-03 g.) and 
a repetition of the experiment gave the same result. 

Nitration of toluene. Toluene (100 g.) with an ordinary nitrating mixture gave an insoluble 
sodium salt (0-7 g.), from which dinitrocresol, m. p. 80—81°, was obtained (Found: N, 14:3. 
Calc.: N, 14:2%) (compare Lapworth and Mills, and Noelting, locc. cit.). 

Nitration of nitrobenzene. Pure nitrobenzene (frozen out and twice redistilled, 100 g.) was 
nitrated with nitric acid (d 1-52, 150 c.c.) and sulphuric acid (96%, 200 c.c.). A nitrophenolic 
substance was isolated (2-5 g.), which after recrystallisation from water and alcohol was 
identified as styphnic acid (Found: C, 29-3; H, 1-9; N, 16-6. Calc.: C, 29-4; H, 12; N, 
17-1%). It had m. p. 170—172° and, after admixture of styphnic acid, 171°. The two 
substances crystallised from water under similar conditions in identical and very characteristic 
fashion in small hexagon-shaped crystals and six-rayed stars. 


Boam and Cahn: 


TABLE II, 
Yield of Styphnic Acid from Nitrobenzene nitrated under Various Conditions. 
Nitric acid. Sulphuric acid. Temp. Time, hrs. Yield, %. 

1, 300 c.c., d 1-52 None 0° 5 0-5 
2. 100 ,, es i 90 1 0-5 
3. 100 ,, * 10 c.c., 96% is 5 2-5 
4, 70 , @ 1-42 50 ,, os - 1 3-0 
5. 60 g. KNO, ae se Ha 2 6-5 
6. ” ” 150 ” ” ” ” 5-5 
7. 75 c.c., d 1-52 75 ,, 65% oleum ,, 1 1- 


Nitration of phenylmethylsulphone. This sulphone (100 g.) was nitrated as described by 
Twist and Smiles (J., 1925, 127, 1249) with potassium nitrate (100 g.) and sulphuric acid (600 g.). 
The yellow solid by-product (1-3 g.), isolated in the usual way, was crystallised twice from 
water and once from benzene; it formed crystals with the appearance characteristic of styphnic 
acid, melting at 168—172° and, after addition of styphnic acid, at 167—172° (Found: C, 
29-0; H, 1-9. Calc.: C, 29-4; H, 1-2%). 

Nitration of diphenylsulphone. The sulphone (80 g.) was heated with nitric acid (300 c.c., 
d 1-52) at 90°. The by-product, after successive crystallisation from water and benzene, yielded 
the six-rayed stars and hexagons typical of styphnic acid. It had m. p. 172—173° and 171— 
173° after addition of styphnic acid (Found: C, 29-2; H, 1-9%). 


THE UNIVERSITY, SHEFFIELD. [Received, October 1st, 1938.] 





336. Buckley’s Substance, m. p. 183°, from Derris Extract. 
By J. J. Boam and R. S. CauHn. 


Evidence is adduced in favour of the structure (II) for the substance isolated from 
Derris by Buckley (J. Soc. Chem. Ind., 1936, 55, 285r). The substance is held not to 
occur naturally as such and is probably derived by degradation of deguelin (I) by the 
alkali used in-its isolation. 


BUCKLEY (loc. cit.) isolated from Derris extract a substance, m. p. 183°, the individuality of 
which was, however, considered by Cahn, Phipers, and Boam (this vol., p. 513) to be 
insufficiently established. Mr. Buckley has very kindly given us a sample, from 
examination of which we are now satisfied that the substance is substantially homogeneous 
and differs from other substances obtained from Derris. 

The substance appears to contain at least rings A, B, and C of rotenone, deguelin (I), 
and other substances obtained from Derris. Thus, Buckley reports that. it gives the 
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Durham (Jones and Smith, Ind. Eng. Chem., Anal., 1933, 5, 75) and Rogers and Calamari 
(ibid., 1936, 8, 135) colour tests and forms an oxime. Further, it gives the Goodhue (J. 
Assoc. Off. Agric. Chem., 1936, 16, 118) and Meijer (Rec. Trav. chim., 1936, 55, 954) colour 
tests, contains two methoxyl groups, and with iodine yields an iodo-derivative, reduced by 
zinc dust in acetic acid to a dehydro-compound (Buckley mistook the former for the latter). 

Solely from a nitrogen analysis of the oxime, Buckley apparently assigned to the 
substance the formula, C,,H,.O,, common to rotenone and deguelin. Our analyses of the 
solvent-free crystals and of the solvate obtained from benzene exclude this formula and agree 
best with C.9H,,O,, or less well with Cy9H 04. 

The substance gives no colour with alcoholic ferric chloride, but is very slowly removed 
from ether by aqueous alkali. It is recovered unchanged from the alkaline solution by 
rapid acidification, but more prolonged contact leads to degradation; this unfortunately 
caused loss of most of our material. The phenolic nature of the substance is supported by 
the formation of the iodo-derivative, which is typical of rotenone derivatives containing a 
hydroxyl group in ring D, those without this substituent giving only the unsubstituted 
dehydro-compound. 

The chemical findings reported above and the known structure of other Derris 
derivatives fall best into line with the constitution (II) for Buckley’s substance. Its 
great instability in alkali is accounted for by the presence of the vinyl group, and its crypto- 
phenolic nature may be due to co-ordination between the Pied and the hydroxyl group. 


oO = ~ 
am ed 


or. H:CH, 


This demands the formula C,5H,,0,; we have been unable to devise a structure which will 
account satisfactorily for the reactions of the substance on the basis of Cy9H,,0,, which, 
as stated, is the formula preferentially indicated by analysis. Our specimen had a slight 
optical rotation, whereas Buckley reports the substance to be optically inactive; it seems 
probable that our specimen was slightly impure and that the small discrepancy in the 
analytical figures for hydrogen originates in the impurity. The material available did 
not suffice for further experiments. 

It is almost certain that the substance does not occur as such in Derris; for all the 
substances occurring naturally therein have 23 carbon atoms and are optically active at 
C7 and C8, whereas Buckley’s substance has 20 carbon atoms and is unchanged by sodium 
acetate in hot alcohol, which invariably racemises C7 and C8 (Cahn, Phipers, and Boam, 
loc. cit.). It is noteworthy that it is isolated alongside d/-deguelin, which occurs naturally 
as the /-form, so that racemising conditions existed during its isolation. Buckley’s sub- 
stance may occur naturally in an optically active form, but we consider it more probably 
derived by destruction of deguelin. Heyes and Robertson (J., 1935, 681) showed that 
acetone is formed from deguelin by hot 33% alcoholic potassium hydroxide, the 
CH:CH:CMe, chain being assumed, by analogy with toxicarol, to be entirely detached 
from ring D under these conditions. With hot 20% alcoholic alkali, Heyes and Robertson 
obtained no acetone. However, prolonged contact with the very dilute alkali used in 
Buckley’s experiments might lead to the first stage of the decomposition, #.e., formation of 
(II) from (I). The natural assumption that the conditions necessary for formation and 
survival of such an unstable substance are critical then explains the failure of ourselves 
and other investigators to isolate it from Derris extract. 








EXPERIMENTAL. 

The material provided was in well-formed crystals, which, however, melted unsharply at 
184—187°. Asis general in the rotenone series, the m. p. seems to be variable and not a criterion 
of purity: Buckley reported m. p. from 180° to 185° for different specimens and we found 
6B 
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m. p. as low as 179°. In view of past experience with /-toxicarol (Cahn, Phipers, and Boam, 
loc. cit.) and deguelin and tephrosin (Boam, Cahn, and Stuart, J. Soc. Chem. Ind., 1937, 56, 917) 
and of the small amount available, a search for impurities by crystallisation alone was 
impracticable. The substance is sparingly soluble in ether; however, when added in acetone 
to a water-ether mixture, it passes into the ethereal layer, whence it is gradually removed by 
shaking with successive amounts of dilute aqueous sodium hydroxide. When this operation 
was not carried to completion, the materials recovered from the alkaline and ethereal solutions 
were identical (mixed m. p.). This is strong evidence that the material is homogeneous and is 
supported by the facts that no change (m. p. and mixed m. p.) was caused by heating 0°25 g. 
under reflux with sodium acetate (0-5 g.) in alcohol (10 c.c.) or by adding 0-05 g. to a mixture 
of concentrated sulphuric acid (0-175 c.c.) and acetic acid (0-6 c.c.) at about 50°. The acid 
treatment was used by Buckley (/oc. cit.) in an attempt to prepare an iso-derivative, and by us 
with the hope also of effecting ring-closure between the hydroxy] and the vinyl group (cf. Haller, 
J. Amer. Chem. Soc., 1931, 53, 733). 

The substance crystallises from alcohol in solvent-free needles [Found : C, 68-1, 68-2, 68-3; 
H, 4-6, 4-6, 4:5; OMe, 18-4, 18-3; loss at 80°/vac., nil. C,,H,).0,(OMe), requires C, 68-1; H, 
4-6; OMe, 17-6%. CyH,,0, requires C, 67-8; H, 5-1%], and from benzene in needles, which, 
although solvated, have the same m. p. (181—182°) [Found (air-dried): C, 70-05; H, 4-8; 
loss at 80°/vac., 8-7, 8-6. C9H,,0,,0°5C,H, requires C, 70-6; H, 4-9; loss, 10-0%. 
CyoH,,0,,0°5C,H, requires C, 70-1; H, 5-1; loss, 99%. Found for material dried at 80°/vac. : 
C, 68-0; H, 46%]. As received, the substance had [a]p about + 10° in chloroform; it was too 
sparingly soluble for measurement in benzene, the solvent used by Buckley. In the Meijer 
test it gives the same shade of colour as does rotenone, but with greater intensity: 1 g. is equiv- 
alent to 1-25 g. of rotenone. On the basis of molecular weights the ratio might be expected 
to be 1-12; however, the ratio found for apotoxicarol is 1-42, whereas that calculated from 
the molecular weights is 1-3, so that this mode of calculation is invalid. By contrast, Buckley’s 
substance gives in the Goodhue test a colour substantially equal in both shade and intensity 
to that given by rotenone. 

Dehydrogenation. Iodine.(0-25 g.) in a little alcohol was added to the substance (0-25 g.) 
and sodium acetate (0-5 g.) in boiling alcohol (10 c.c.). Boiling was continued for 1 hour. 
The material, recovered by pouring into water and extraction with ether, crystallised from 
alcohol. It melted at about 270° with evolution of iodine. Reduction with zinc dust in the way 
usual for toxicarol derivatives gave the halogen-free dehydro-compound as yellow needles (from 
alcohol-acetic acid), m. p. 260° without decomposition. This establishes the difference of 
Buckley’s substance from other Derris derivatives. 

Attempts to acetylate the substance or its dehydro-derivative failed. 


We .are indebted to Messrs. Cooper, McDougall, and Robertson, Ltd., Berkhamsted, for 
permission to publish these experiments. 


THE CoopeR TECHNICAL BUREAU, 47 RUSSELL SQUARE, 
Lonpon, W.C. 1. [Received, October 4th, 1938.] 





337. Reactions of af-Unsaturated Cyclic Aldehydes and Ketones. 
Part III. The Reduction of Cryptone. cis- and trans-Dihydrocryptol. 


By D. T. C. GittespreE, A. KILLEN MACBETH, and T. B. SwANson. 


Alcohols derived from /-cryptone have been prepared and examined. /-Cryptol 
has previously been described, but has now been further characterised by its levo- 
rotatory phenyl- and a-naphthyl-urethanes. Dihydrocryptol has been isolated in two 
forms: one isomer is a main product of the Ponndorf reduction of dihydrocryptone or 
samples of cryptone from E. cneorifolia, and the other is obtained by electrolytic 
reduction. The alcohols are epimeric, as they both yield dihydrocryptone on oxidation, 
but although they cannot be regarded as essentially pure, they have both been defin- 
itely characterised by the preparation of a series of five crystalline derivatives. 

Pure J-cryptol on reduction gives a dihydrocryptol substantially the same as that 
from the Ponndorf reductions, and yielding identical crystalline derivatives. On 
dehydration /-cryptol yields /-1-isopropyl-A*‘*-cyclohexadiene. 
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A stupy of the alcohols related to naturally occurring carbonyl compounds has been 
undertaken as a preliminary to the search for the products in the essential oils themselves. 
With this in view /-cryptol (II) and the dihydrocryptols (III a, ) derived from /-cryptone 
(I) have now been examined. cis- and trans-Forms of the saturated alcohol are possible, 
and the characterisation of these by means of well-defined derivatives has now been 
achieved. 

CH:-OH H-C-OH HO-C-H 


CH 

V4 
H.C CH HG a HC CH, He CH 
H,C CH H,C CH, H,C CH 


HPr? Gre H-C- pr H-C-Pr8 HPr® 
(I.) (II.) (IIIa.) (IIIb.) (IV.) 

It will be apparent that the epimeric isomerism of the dihydrocryptols (III a, b) only 
arises consequent to the reduction of the carbonyl group, and the stereochemical purity 
of the sample of cryptone used as a starting material is therefore not a determining factor 
in the character of the dihydrocryptone formed as a reduction product. Further, the 
recent observation of Arcus and Kenyon (this vol., p. 698) shows that the Ponndorf 
reduction of ”-butylideneacetone to «-methyl-y-n-propylallyl alcohol by aluminium iso- 
propoxide yields an identical product from both the cis- and the trans-form of the ketone, 
the reagent apparently facilitating the interconversion of geometrical isomerides. It is 
therefore not surprising to find that substantially the same product was obtained by the 
Ponndorf reduction of all the samples of cryptone from E. cneorifolia which were examined, 
and also from dihydrocryptone and stereochemically pure /-cryptol. 

The other form of dihydrocryptol is obtained as a main product in the controlled 
electrolytic reduction of cryptone, but fractional distillation gives a distillate which still 
retains a slight optical activity. The alcohols themselves cannot therefore be regarded 
as sufficiently pure to warrant the consideration of their physical properties as data for 
configuration determination by the application of the Auwers-Skita rule; but a full 
examination of methods of preparation and purification of the isomers with this in view 
is in progress. 

The two dihydrocryptols have been characterised by'their phenylurethanes (m. p.’s 
114° and 87—88°), «-naphthylurethanes (m. p.’s 159-5° and 113°), p-nttrobenzoates (m. p.’s 
75°5° and 69-5°), 3 : 5-dinitrobenzoates (m. p.’s 124-5° and 112°), and hydrogen phthalates 
(m. p.’s 115° and 129°). The temperatures in parentheses are the corrected m. p.’s for 
the Ponndorf and the electrolytic alcohol respectively. 

On oxidation with Beckmann’s chromic acid mixture both dihydrocryptols yield the 
same ketone, which gives a semicarbazone and a 2: 4-dinitrophenylhydrazone identical 
with authentic derivatives of dihydrocryptone (Cahn, Penfold, and Simonsen, J., 1931, 
1366; Berry, Macbeth, and Swanson, J., 1937, 988) and the isomerism is therefore a case 
of cis-trans arrangement on reduction of this carbonyl group. 

_ LCryptol ([«]p" — 45-4°), obtained as the Ponndorf reduction product of cryptone 
([a]” — 67-25°), yields a crystalline phenylurethane (m. p. 105°) and an a-naphthylurethane 
(m. p. 118°). These are levorotatory, having respectively specific rotations in alcohol 
of — 130° (c, 1-29) and — 127-5° (c, 1-236). Similar derivatives prepared from stereo- 
chemically pure /-cryptol, [«]>” — 142° (alcohol, c 3-46) (Galloway, Dewar, and Read, J., 
1936, 1595), show that the above a-naphthylurethane was practically optically pure 
({«}#}" — 130-1° in alcohol, ¢ 1-614) but that crystallisation of the phenylurethane had not 
been sufficiently rigorous to give the stereochemically pure compound ([«]#° — 147-7° 
in alcohol, ¢ 3-15). 

On dehydration by potassium hydrogen sulphate /-cryptol yields a levorotatory diene, 
which gives a beautifully crystalline levorotatory adduct with maleic anhydride, and so 
appears to be /-1-isopropyl-A?**-cyclohexadiene (IV). This structure was confirmed by 
oxidation of the diene to tsopropylsuccinic acid, which was identified as the acid anilide. 
The optical activity of the diene is variable, racemisation evidently occurring to varying 
degrees during different dehydration experiments. 
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EXPERIMENTAL. 


1-Cryptol (1-4-isoPropyl-A*-cyclohexen-1-ol).—A sample of cryptone (90 g.) having a}” — 67-25° 
(homogeneous) was reduced by Ponndorf’s method with aluminium (6 g.) dissolved in dry 
isopropyl! alcohol (300 c.c.), the constant-volume distillation being continued until the distillate 
no longer gave a test for acetone with 3: 5-dinitrobenzoyl chloride (7 hours). The excess of 
isopropyl alcohol was distilled off, and the residue subjected to steam-distillation. An ethereal 
extract of the distillate, after treatment with sodium sulphite solution to remove unreduced 
ketone (nil), washing, and drying, yielded on distillation 66 g. of l-cryptol, b. p. 82—83°/2 mm., 
n2 1-4780, a3. 0-9354, dik: 0-9388. It had ap — 42-5° (homogeneous), which gives a specific 
rotation [a]}” — 454°. We did not observe the formation of the isopropyl ether of 
the unsaturated alcohol such as has been reported by Lund (Ber., 1937, 70, 1520) in the case of 
the unsaturate ketones which he examined. 

Cryptol a-Naphthylurethane.—Condensation readily occurred when equivalent amounts of 
freshly distilled cryptol (a) — 42°, homogeneous) and a-naphthyl isocyanate were mixed in a 
dry conical flask plugged with cotton wool. Crystallisation soon began and the mixture set 
to a solid mass. (The reaction mixture should not be heated, as partial dehydration of the 
alcohol occurs with the formation of a large proportion of s-di-«-naphthylurea together with 
the urethane. With old samples of the alcohol the formation of the urea was also observed.) 
Cryptol a-naphthylurethane crystallised from light petroleum as colonies of fine white needles, 
m. p. 118°, [a]? — 127-5° * in alcohol (c, 1-236) (Found : C, 77-8; H, 7-3; N, 4:5. C9H,,0,N 
requires C, 77-6; H, 7-5; N, 45%). 

Cryptol phenylurethane, prepared similarly to the above, crystallised from light petroleum 
in rosettes of long white needles, m. p. 105°, [«]}” — 130° * in alcohol (c, 1-29) (Found: C, 
74-4; H, 81; N, 5-4. C,,H,,O,N requires C, 74:1; H, 8-2; N, 54%). 

Dehydration of Cryptol.—Cryptol (25 g.; ap — 38-4°) was heated under reflux at 120° with 
potassium hydrogen sulphate (30 g.). The oil collected by steam-distillation and extraction 
with ether gave on distillation a main fraction (10 g.), b. p. 30—31°/4 mm., nj* 1-4842, dis: 
08531, a} — 59-94° (homogeneous), whence [a] — 70-24°. A small amount (1-8 g.) of 
higher b. p. 38°/2 mm., having nj" 1-5028, di§- 0-8731, and [«]}” — 11-68°, was also collected. In 
a second experiment with the same quantities of materials a main fraction, b. p. 35—36°/6 mm., 
ny” 1-4775, [a] — 82-2°, was collected. 

The dehydration evidently proceeds with the formation of I-1-isopropyl-A**4-cyclohexadiene, 
as the oil (3 g.), when refluxed with maleic anhydride (1-5 g.) and ether (6 c.c.), gave a crystalline 
adduct which after two recrystallisations from methyl] alcohol was obtained in long white needles, 
m. p. 133°, [«]??” — 29-16° (chloroform, c, 2-709) (Found: C, 70-65; H, 7-25. C,,;H,,O, requires 
C, 70°85; H, 7-3%). 

The structure of /-l-isopropyl-A***-cyclohexadiene was confirmed by its oxidation to 
isopropylsuccinic acid. The diene (2-5 g.), dissolved in a little acetone, was added to a well- 
stirred solution of potassium permanganate (2-5 g.) in water (50 c.c.) cooled in ice. Rapid 
oxidation took place with rise in temperature. A further quantity of water (45 c.c.) was added, 
followed gradually by finely powdered permanganate until oxidation was complete. After 
filtration, and washing of the manganese sludge, the combined filtrates were evaporated to 
small bulk, acidified with sulphuric acid, and extracted with ether (8 times). To the residual 
oil (2 g.) in water (20 c.c.) with sulphuric acid (20%, 20 c.c.), lead peroxide (5 g.) was gradually 
added with continuous stirring. Carbon dioxide was evolved and after filtration of the lead 
salt at the end of the reaction (} hour) the filtrate was repeatedly extracted with ether. After 
removal of the solvent crude isopropylsuccinic anhydride (0-7 g.) was obtained on distillation 
under reduced pressure. It gave a crude acid anilide on the addition of aniline (0-4 g.) in 
benzene (3 c.c.) to a solution of the anhydride in the same solvent (3c.c.). After recrystallisation 
(four times) from benzene it had m. p. 142°, not depressed by authentic isopropylsuccinic acid 
anilide prepared from a-phellandrene (Semmler, Ber., 1903, 36, 1751). 

Hydrogenation of Pure \-Cryptol—A sample of optically crude /-cryptol (53 g.), prepared 
as above and having a?” — 43°, was converted into the p-nitrobenzoate, which was repeatedly 
crystallised from methyl alcohol until the m. p, and rotation were no longer affected (Galloway, 
Dewar, and Read, Joc. cit.). Hydrolysis by 5% methyl-alcoholic potassium hydroxide, followed 
by steam-distillation, ether extraction of the distillate, and distillation under reduced pressure, 
gave pure /-cryptol (22 g.), b. p. 72°/2 mm., d3}. 0-9346, nf" 1-4788, [«]>?” — 133° (homogeneous), 
[x]?” — 142° {alcohol, c 3-46). It gave a phenylurethane and an a-naphthylurethane having 


* See below. 
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the m. p.’s given above, and in alcoholic solytion the former had [«]?" — 147-7° (c, 3-15) and 
the latter [«]?” — 130-1° (c, 1-614). 

On hydrogenation in alcoholic solution in the presence of palladised charcoal, after being 
worked up in the usual way, a sample of dihydrocryptol was obtained with substantially the 
same physical constants as those given in the case of the Ponndorf reductions below, and yielding 
an a-naphthylurethane and a p-nitrobenzoate identical with those described (see below). 

On dehydration by potassium hydrogen sulphate pure /-cryptol gave the diene, b. p. 30°/4 mm., 
nw” 1-4806, ap — 37:7°. The optical activity cannot therefore be regarded as a reliable 
value, as under the experimental conditions of dehydration it is evidently subject to change. 

Dihydrocryptol (4-isoPropylcyclohexan-1-ol).—l-Cryptol (50 g.) as prepared above was 
catalytically reduced at the ordinary temperature in the presence of palladised charcoal (6 g.) 
and absolute alcohol (450 c.c.). After being worked up in the usual way, the reduced alcohol 
(33 g.) was obtained as a clear, somewhat viscous liquid, b. p. 84—85°/5 mm., n>” 1-4667, 
di3: 0-9209. It was optically inactive. 

Dihydrocryptol p-nitrobenzoate was prepared by the action of p-nitrobenzoyl chloride on the 
alcohol in presence of pyridine. It crystallised from methyl alcohol in long needles, m. p. 
75-5° (Found: C, 66-0; H, 7-2; N, 4:75. C,.H,,O,N requires C, 65-95; H, 7:25; N, 48%). 

Dihydrocryptol 3 : 5-dinitrobenzoate was prepared by the interaction of the alcohol and 3: 5- 
dinitrobenzoyl chloride in the presence of pyridine. After being washed with dilute acid, water, 
dilute sodium carbonate solution, and water, it was crystallised several times from alcohol, 
yielding needles, m. p. 124-5° (Found: C, 57:3; H, 6-0; N, 83. Cy,gH»O,N, requires C, 
57-1; H, 6-0; N, 83%). 

Dihydrocryptol phenylurethane. Crystallisation began about 4 hour after a mixture of 
equivalent parts of phenyl isocyanate and dihydrocryptol had been set aside in a small conical 
flask plugged with cotton-wool. After standing overnight, the solid mass was dissolved in light 
petroleum (b. p. 60—90°) and crystallised. After recrystallisation from the same solvent the 
phenylurethane was obtained in fine, long, felted needles, m. p. 114° (Found: C, 73-8; H, 8-9; 
N, 5-37. C,,H,,;0,N requires C, 73-6; H, 8-9; N, 5-36%). 

Dihydrocryptol a-naphthylurethane, obtained similarly to the above, crystallised from light 
petroleum in stellate masses of fine needles, m. p. 159-5° (Found: C, 77-1; H, 8-1; N, 4-52. 
Cy9H,,0,N requires C, 77-1; H, 8-1; N, 45%). 

Dihydrocrypiol hydrogen phthalate. The alcohol (9 g.) was heated with finely powdered 
phthalic anhydride (10 g.) at 110° for 15 hours and the resultant liquid whilst still hot was poured 
into 5% sodium carbonate solution (100 c.c.). The small portion remaining undissolved was 
extracted with ether and on acidification of the aqueous solution with concentrated hydrochloric 
acid an oil separated which soon crystallised. The separated solid, after drying and recrystal- 
lisation from light petroleum (b. p. 60—90°), was obtained in pearly plates, m. p. 115° (Found : 
C, 70-5; H, 7-55. C,,H,.O, requires C, 70-3; H, 7-6%). 

Dihydrocryptol was also prepared by the catalytic reduction of cryptone to dihydrocryptone 
by palladised charcoal and the conversion of the latter by Ponndorf reduction. The product 
gave a phenylurethane and an a-naphthylurethane identical with the above. The same 
isomeric alcohol is thus evidently produced by both procedures. 

Electrolytic Reduction of Cryptone.—In a typical experiment cryptone (125 c.c.), dissolved 
in alcohol (95%, 250 c.c.) containing nickel sulphate (1-5 g.) and sulphuric acid (10%, 50 c.c.), . 
was placed in the cathode compartment of a cell, the anode compartment consisting of a porous 
pot containing a cylindrical platinum electrode immersed in 10% sulphuric acid. The cathode 
was a sheet of freshly etched nickel (2 sq. dm. area) enveloping the porous pot at such a distance 
that the voltage was some 14 v. with a current of 8 amp. flowing. The current was passed for 
about 12 hours, the temperature being maintained at 34—36° by a cooling coil in the cathode 
compartment. Sulphuric acid was added as required during the reduction, at the end of which 
the mixture was poured into a large volume of water. After standing, the separated oil was 
drawn off, the water extracted with ether, and the oil, together with that recovered from the 
extract, steam-distilled. An ethereal extract of the distillate gave no colour with phenol- 
phthalein on shaking with neutral sodium sulphite, showing the absence of cryptone. Dihydro- 
cryptone was removed from the ethereal extract by shaking with sodium bisulphite solution 
(35%, 500 c.c.). After standing for 24 hours, the liquid was filtered (pump), and the bisulphite 
cake thoroughly treated with ether to remove dihydrocryptol. After drying and removal of 
the ether the crude dihydrocryptol (50 c.c.) was distilled, and the following fractions collected. 
The optical activity of the fractions shows that a trace of optically active impurity is not removed 
by the fractionation (compare Cahn, Penfold, and Simonsen, J., 1931, 1369). Fractional 
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crystallisation of the derivatives shows that the alcohol is a mixed product containing some of 
the Ponndorf reduction isomer : 
Vol., c.c. nee. ap. 


Up to 65°/0-8 mm. 3 1-4669 —1-50° 
65—66°/0-7 mm. 30 1-4691 +2-75 
66—68°/0-8 mm. 6 1-4696 +2-26 

Over 68°/0-8 mm. 6 1-4710 —0-74 


The mixed yields of dihydrocryptone obtained in the electrolytic reductions, when distilled 
under reduced pressure, gave a main fraction, b. p. 60°/1-9 mm., from which the usual derivatives 
were prepared. 

Dihydrocrypiol (Electrolytic) Derivatives.—(a) The phenylurethane was formed when equivalent 
quantities of the alcohol and phenyl isocyanate were mixed. A little of the syrupy product was 
triturated with light petroleum, whereby crystallisation was induced; on nucleation, the 
whole syrup soon solidified. Recrystallised from light petroleum, the phenylurethane formed 
white needles, m. p. 87—88°, markedly depressed by the phenylurethane of the dihydrocryptol 
described above. The present product was much more soluble in light petroleum (Found : 
C, 73:8; H, 8-75; N, 5-3, 5-3. C,,H,,0,N requires C, 73-6; H, 8-9; N, 5-4%). 

(b) The «-naphthylurethane, prepared from equivalent quantities of a-naphthyl isocyanate 
and the alcohol, showed the same reluctance to crystallise as noted above. Recrystallisation 
from light petroleum gave a fraction (needles), which on further purification had m. p. 159-5°, 
not depressed by the a-naphthylurethane described above. A main product (more soluble) 
was isolated in small hard granular clumps, which on further purification continued to separate 
in this characteristic form and had m. p. 113°, markedly depressed by the other form (Found : 
C, 77-3; H, 8-1. Cy9H,,0O,N requires C, 77-1; H, 8-1%). 

(c) The p-nitrobenzoate was obtained by trituration of equivalent quantities of the alcohol 
and p-nitrobenzoyl chloride with excess of pyridine in a warmed mortar. After 3 hours, the 
product was worked up, and obtained, after several recrystallisations from methyl alcohol, 
in pale yellow plates, m. p. 69-5°, markedly lowered by the corresponding derivative (needles) 
from the Ponndorf alcohol (Found : C, 65-8; H, 7-2. C,gH,,O,N requires C, 65-95; H, 7-25%). 

(d) The 3 : 5-dinitrobenzoate was prepared in a similar way and crystallised from alcohol and 
finally from 90% spirit, forming flat, almost colourless needles, m. p. 112°. It was exceedingly 
difficult to separate the two isomeric forms in this case (Found: C, 56-9; H, 5-8. C,H »,O,N, 
requires C, 57-1; H, 6-0%). 

(e) The hydrogen phthalate was prepared by heating the electrolytic alcohol (6 g.) at 100— 
120° for 15 hours with phthalic anhydride (7 g.). The hot mixture was poured into 5% sodium 
carbonate solution (60 c.c.) and worked up as described above. Fractional crystallisation from 
light petroleum yielded the hydrogen phthalate as a main product in large needles, m. p. 129°. 
It can also crystallise in plates having the same m. p. The m. p. of a mixture with the hydrogen 
phthalate described above, or with phthalic anhydride, was greatly depressed (Found : C, 70-2; 
H, 7-5. C,,H,,O, requires C, 70-3; H, 7-6%). 

Oxidation of Dihydrocryptol—Both the dihydrocryptols described above were converted 
on oxidation into the same ketone, which was identified as dihydrocryptone. The dihydro- 
cryptol of the Ponndorf reduction type (4-5 g.), when added to 40 c.c. of Beckmann’s chromic 
acid mixture (Annalen, 1889, 250, 335) at 35°, formed a black addition compound on shaking 
and the temperature rose.quickly to 55°, with the liberation of the ketone. After successive 
washing of an ethereal extract with 5% sodium carbonate solution and water and drying, a 
residual oil (3-5 g.) was obtained on removal of the solvent. This had b. p. 56°/1-3 mm., up” 
1-4570, and gave a semicarbazone, m. p. 188—189°, and a 2: 4-dinitrophenylhydrazone in 
lath-like orange plates, m. p. 119-5—120°, identical with the derivatives of dihydrocryptone 
(Berry, Macbeth, and Swanson, loc. cit.). A similar oxidation was carried out with the 
dihydrocryptol (1-6 g.) prepared by hydrolysis of the hydrogen phthalate derived from the 
electrolytically reduced alcohol. The residual oil (1-1 g.) gave two derivatives identical with 
those above, 


One of the authors (T. B. S.) is indebted to the Federal Research Grant of the Commonwealth 
Government for help which enabled him to participate in the work. 
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338. Cumyl Alcohol. 


By R. G. Cooke, D. T. GILLEspre, and A. KILLEN MACBETH. 


Cumyl (4-isopropylbenzyl) alcohol can be prepared in 42% yield by the cross 
Cannizzaro reaction on cuminal (4-isopropylbenzaldehyde) and formaldehyde. A 
more convenient preparation, yielding upwards of 70% of the pure alcohol, consists in 
the pressure hydrogenation of cuminal in the presence of copper—barium—chromium 
oxide catalyst. 

Cumy]l alcohol is characterised by its phenylurethane and a-naphthylurethane, the 
p-nitro- and 3 : 5-dinitro-benzoates, and its hydrogen phthalate, all of which are crystalline. 


PREVIOUS work on cumy] alcohol was done by Kraut (Ammnalen, 1854, 92, 66), Fileti (Gazzetta, 

1884, 14, 498), Law (J., 1907, 91, 760), Palfray, Sabetay, and Mastagli (Compt. rend., 1936, 

203, 1523), and Bert (Bull. Soc. chim., 1925, 37, 1252, 1577). The last-named author 
obtained it in 53—60% yield by passing a rapid stream of oxygen into.an ethereal suspen- 
sion of cumylmagnesium chloride. The only crystalline derivative we have been able to 
trace in the literature is the phenylurethane (Palfray, Sabetay, and Mastagli, loc. cit.). It 
was desired to have more extensive characterisation available for the identification of the 
alcohol as a constituent of essential oils, and so other methods of preparation were examined. 

The alcohol can be obtained in approximately 42% yield by the cross Cannizzaro reaction, 
but the most convenient method of all is the pressure hydrogenation of cuminal in the 
presence of copper—barium-chromium oxide catalyst. This yields upwards of 70% of pure 
redistilled cumyl alcohol, b. p. 91°/0-7 mm., 3” 1-5181. The alcohol is readily character- 
ised by means of the derivatives named in the summary. 


EXPERIMENTAL. 


Preparation of Cumyl Alcohol.—Cuminal was isolated from E. cneorifolia oil and purified by 
the usual treatment of the bisulphite compound. It was optically inactive. 

(a) Cross Cannizzaro reaction. A mixture of cuminal (50 c.c.; 0-3 mol.), methanol (70 c.c.), 
and 40% formaldehyde solution (80 c.c.; 1 mol.) was kept at 65—75° in a 2-1. flask (fitted with a 
dropping-funnel, reflux condenser, and mercury-sealed stirrer) during the slow addition, with 
constant stirring, of 50% sodium hydroxide solution (80 c.c.; 1 mol.), and for 40 minutes there- 
after. The mixture was finally refluxed for 20 minutes and, on cooling, diluted with water 
(100 c.c.). The separated oil was drawn off, and the residue extracted four times with benzene 
(50 c.c. lots). Removal of the solvent from the washed and dried (anhydrous magnesium sul- 
phate) oil and extracts, left an oil, which was distilled. The combined products from four 
experiments (180 c.c. of cuminal) were shaken for $ hour with hot 35% sodium bisulphite solu- 
tion (500 c.c.) and kept overnight. The unabsorbed oil was recovered by filtration and by wash- 
ing of the bisulphite cake with ether; after washing with water, drying, and removal of the 
ether the residue was fractionated, pure cumyl alcohol (48 c.c.), 72° 1-5191, being collected at 
109—110°/3-4 mm. The bisulphite cake (112 g.) was equivalent to 65 c.c. of cuminal, and the 
yield of alcohol was thus some 42% of the cuminal reacted upon. 

(b) The catalytic reduction of cuminal. In a typical experiment, cuminal (50 g.) in ethanol 
(80 c.c.) containing copper—barium—chromium oxide (J. Amer. Chem. Soc., 1932, 54, 1138) (6 g.) 
was placed in a bomb with hydrogen (1340 lb. pressure), and the temperature raised to 120°. 
The pressure of hydrogen (1700 lb.) quickly fell when shaking was commenced, and after 2 hours 
had decreased to 1380 lb. The fall thereafter was slow and absorption was practically complete 
after a further hour (1240 Ib.). On cooling, the liquid was filtered and poured into water, and the 
product recovered by steam-distillation. An ethereal extract of the distillate was shaken for 
several hours with sodium bisulphite solution to remove unchanged aldehyde (traces only). 
After filtration, washing with dilute sodium carbonate solution and water, and drying (anhydrous 
magnesium sulphate) the product was distilled, pure cumyl alcohol (36 g.), m3” 1-5181, being 
collected at 91°/0-7 mm. 

Derivatives of Cumyl Alcohol_—The phenylurethane was prepared from cumyl alcohol and 
phenyl isocyanate. After extraction with light petroleum (b. p. 60—90°) and filtration from 
some diphenylurea the phenylurethane crystallised in needles. Recrystallisation from the same 
solvent gave flat needles, m. p. 62° (Found: C, 75-7; H, 7:05; N, 5-15. Calc. for C,,H,,0,N : 
C, 75-8; H, 7-1; N, 52%). 
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The a-naphthylurethane, similarly prepared (after a few minutes’ gentle heating) and purified, 
crystallised from 90% spirit in long white needles, m. p. 112—112-5° (Found : C, 78-95; H, 6-8; 
N, 4:5. C,,H,,0O,N requires C, 79-0; H, 6-6; N, 44%). 

The p-nitrobenzoate was obtained from cumyl alcohol (5 g.), pyridine (5 c.c.), and p-nitro- 
benzoyl chloride (5-5 g.) by trituration in a warm mortar. After 2 hours, it was washed with 
ice-cold dilute sulphuric acid, water, 5% sodium carbonate solution, and water, submitted to 
steam-distillation to remove traces of the alcohol, dried, and thrice crystallised from methanol 
in a refrigerator, stout, pale yellow, prismatic needles, m. p. 39—39-5°, being obtained (Found : 
C, 68-0; H, 5-8; N, 4-75. C,,H,,0,N requires C, 68-2; H, 5-7; N, 4-7%). 

The 3: 5-dinitrobenzoate, prepared from cumyl alcohol (7 g.), pyridine (7 c.c.), and 3: 5- 
dinitrobenzoyl chloride (9-5 g.), crystallised from methanol in long, fine, brittle, white needles 
somewhat resembling glass wool, m. p. 107° (Found: C, 59-4; H, 4:7; N, 8-15. C,,H,,O,N, 
requires C, 59-3; H, 4-7; N, 8-15%). 

The hydrogen phthalate was prepared by heating cumyl alcohol (10 g.) for 15 hours with 
phthalic anhydride (11 g.) in a loosely corked flask at 115°. The hot mixture was poured into 
excess of 5% sodium carbonate solution, and after filtration was left in the refrigerator until the 
sodium salt crystallised. The salt was washed with 5% sodium carbonate solution, and then 
dissolved in water and set aside in the refrigerator with an equal volume of the sodium carbonate 
solution. The crystals were again collected, and the process repeated. The salt was decom- 
posed with dilute hydrochloric acid, the liberated oil extracted with chloroform, and the solvent 
evaporated after being dried with anhydrous magnesium sulphate. The syrupy phthalate 
solidified on nucleation with a crystal obtained from a previous preparation on long standing, and 
was twice recrystallised in the refrigerator from light petroleum (b. p. 60—90°) containing benzene 
(10%), solution being effected below 45°. Large needle-shaped plates, m. p. 61—62°, were 
obtained (Found : C, 72-3; H, 6-2. C,,H,,0, requires C, 72-5; H, 6-1%). 

JOHNSON CHEMICAL LABORATORIES, 
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339. The Oxidation of the 9: 10-Dihydroxystearic Acids with 


Periodic Acid. 1-Aldehydo-octoic Acid. 


By GEORGE KING. 


Oxidation of the 9: 10-dihydroxystearic acids with periodic acid affords a con- 
venient method of preparing pure nonaldehyde and y-aldehydo-octoic acid (azelaic 
semialdehyde) in satisfactory yields. The latter substance, which is practically 
unknown, has been examined in some detail. It deteriorates on keeping, owing 
partly to susceptibility to atmospheric oxidation and partly to spontaneous polymeris- 
ation to a well-defined trimeride. 


IN a previous communication (J., 1936, 1791) it was shown that 9-hydroxy-10-ketostearic 
acid could be oxidised smoothly by periodic acid under suitable conditions to nonoic acid 
and »-aldehydo-octoic acid. No attempt was made, however, to isolate the latter, which 
was separated in the form of its 2: 4-dinitrophenylhydrazone. y-Aldehydo-octoic acid 
has been reported as occurring among the products of hydrolysis of oleic acid ozonide 
(Harries and Thieme, Annalen, 1905, 348, 354; Harries and Tiirk, Ber., 1906, 39, 3732; 
Molinari and Barosi, Ber., 1908, 41, 2794; see also Haller and Brochet, Compt. rend., 
1910, 150, 496; Erdmann, Bedford, and Raspe, Ber., 1909, 42, 1338; Noller and Adams, 
J. Amer. Chem. Soc., 1926, 48, 1074), but it is clear from the indefinite melting point 
(ca, 63—70°) assigned to it, and from the lack of uniformity in its description, that the 
material isolated was highly impure. 

It has now been shown that the periodic acid method of Malaprade (Compt. rend., 
1928, 186, 382; Bull. Soc. chim., 1934, 1, 833) may be successfully applied to the more 
readily accessible 9 : 10-dihydroxystearic acids for the preparation of both nonaldehyde 
and y-aldehydo-octoic acid in a state of purity. The yield of semialdehyde is never 
theoretical, owing partly to spontaneous polymerisation to a crystalline trimeride and partly 
to its atmospheric oxidation to azelaic acid, changes which are accelerated by heat. 
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A more rapid polymerisation is induced when »-aldehydo-octoic acid is heated with aqueous 
sodium hydroxide, but the product is a sticky oil of high molecular weight. Providing 
the temperature and concentration of the reactants are kept low, the yield of nonaldehyde 
from dihydroxystearic acid is nearly quantitative, but under other conditions changes may 
subsequently occur as a result of which much of the nonaldehyde polymerises to a crystalline 
trimeride, the factors governing the formation of which are not yet fully understood. 


EXPERIMENTAL. 


Oxidation of 9 : 10-Dihydroxystearic Acid, m. p. 132°, with Periodic Acid.—Potassium period- 
ate (6 g.), dissolved in N-sulphuric acid (300 ml.) at 20°, was rapidly added to a solution of 
dihydroxystearic acid (8 g.) in alcohol (400 ml.) at 40°. After 10 minutes the clear solution 
was cooled to 15° and diluted with sufficient water to dissolve the precipitated potassium 
sulphate. Extraction with ether gave an oily product, which was submitted to steam-distil- 
lation. Extraction of the distillate with ether gave nonaldehyde (3-2 g.) as a colourless oil, 
b. p. 76—77°/11 mm. (Found: C, 76-3; H, 13-1. Calc. for CjgH,,0: C, 76:0; H, 128%). 
The 2: 4-dinitrophenylhydrazone crystallised from alcohol in golden-yellow needles, m. p. 
and mixed m. p. with an authentic specimen, 106-5°. The semicarbazone, m. p. 100°, crystal- 
lised in needle-like plates from light petroleum and in slender plates from alcohol (Bagard, 
Bull. Soc. chim., 1907, 1, 351, gives m. p. 100°; cf. Harries and Thieme, Joc. cit.). The sodium 
bisulphite compound separated from saturated sodium bisulphite solution in thin rectangular 
plates, from which nonaldehyde was easily regenerated by distillation with water. 

The aqueous solution of non-volatile products remaining after steam-distillation (about 
‘ 180 ml.) was cooled to room temperature, filtered from a little insoluble matter, and cooled 
in ice-water. The somewhat impure y-aldehydo-octoic acid (3-33 g.) which separated was col- 
lected, dried, and extracted with boiling light petroleum (400 ml., b. p. 40—60°), in which all 
but a small fraction (0-5 g.) dissolved. When the petroleum solution was cooled in ice-salt, 
the semialdehyde separated in plates, which, recrystallised several times from 50 parts of warm 
water, gave pure, y-aldehydo-octoic acid (1-5 g.) in colourless, rhombic plates, m. p. 38° [Found : 
C, 63-0; H, 9-3; M (Rast), 181; equiv., 172. Calc. for C,H,,0,: C, 62-8; H, 94%; M, 
172}. The solubility in water was about 1-:9% at 20°, 0-3—0-4% at 0°. The alkali and alkaline- 
earth salts were soluble in water (cf. Harries and Tiirk, loc. cit.), the zinc salt moderately, the 
lead salt slightly, and those of copper, silver, and iron sparingly soluble. The p-nitrophenyl- 
hydrazone crystallised from alcohol in orange rods, m. p. 144° (Harries and Franck, Annalen, 
1910, 374, 365, give m. p. 130°) (Found: C, 58-8; H, 7-0; N, 13-4. Calc. for C,sH,,O,N;: 
C, 58:6; H, 69; N, 13-7%). The 2: 4-dinitrophenylhydrazone crystallised from methyl 
alcohol in orange prisms, m. p. 122-5° (cf. J., 1936, 1791). The semicarbazone separated at 
once in the cold, and crystallised from alcohol and from hot water in small colourless plates, 
m. p. 166-5° (Harries and Thieme, Joc. cit., give m. p. 163°), insoluble in ether and light petroleum 
(Found: C, 52-7; H, 81; N, 18-0; equiv., 226. Calc. for C,gH,,O,N,: C, 52-4; H, 8-3; 
N, 18-3%; equiv., 229). 

The small fraction insoluble in boiling light petroleum separated from alcohol or acetone in 
colourless needles, m. p. 113-5°, and was identified as the trimeride of y-aldehydo-octoic acid 
[Found: C, 62-8; H, 9-1%; equiv., 173; M (Rast), 515. Calc. for (C,H,,0;);: M, 516). 
It was sparingly soluble in water and cold benzene, but readily in ether. Heated at 100° 
with 2n-sulphuric acid, the trimeride was largely depolymerised in 10 minutes, the semialdehyde 
being conveniently recovered in the form of its dinitrophenylhydrazone. 

Oxidation of 9: 10-Dihydroxystearic Acid, m. p. 95°.—The oxidation of dihydroxystearic acid, 
m. p. 95°, with periodic acid differed from the above only in that (a) the dihydroxy-acid was 
dissolved in alcohol at 20°, and’ (b) the reaction was allowed to proceed for 15 minutes. The pro- 
ducts were the same, and the yields equally as good as those obtained from the acid of m. p. 132°. 

Oxidation of xn-Aldehydo-octoic Acid.—Potassium permanganate (2 g.) in warm water 
(100 ml.) was slowly added to the semialdehyde (0-73 g.) in water (100 ml.) at 50° acidified with 
sulphuric acid (3-5 g.), until the permanganate colour persisted for some minutes. After being 
decolorised with sodium bisulphite, the clear solution was cooled. The deposited azelaic acid 
(0-58 g.) was recrystallised once from hot water, giving characteristic, nearly rectangular 
plates, m. p. 107°, unchanged by an authentic specimen. 

Polymerisation of n-Aldehydo-octoic Acid.—(a) Spontaneous polymerisation and oxidation 
occurred slowly when the semialdehyde was kept under ordinary conditions or in a desiccator. 
Thus the m. p. of a specimen rose from 37° to 75—95° during 10 months, with loss of crystalline 
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form, the equiv. then being 151-5, corresponding to a content of some 16% of azelaic acid. 
The product, extracted with hot water and filtered, left an insoluble residue (about 10% ot 
the whole), which crystallised from acetone in peedles, m. p. 113-5°, and was identified as 
the trimeride. The aqueous filtrate was concentrated, and cooled in ice-water. The crude 
azelaic acid which separated was recrystallised from ether-light petroleum, then from water, 
giving colourless plates, m. p. 107°, not depressed by an authentic specimen. The aqueous 
mother-liquors contained unchanged semialdehyde. 

(b) The semialdehyde (1-5 g.) in 2N-sodium hydroxide (20 ml.) was heated at 100° for 1 hour. 
The solution was cooled, acidified, and extracted with ether. The extract was washed with 
aqueous sodium bisulphite, then with water, dried, and evaporated, leaving a nearly colourless 
sticky oil (1-02 g.), which dissolved in acetone, alcohol, and (less readily) ether, but not in 
light petroleum, benzene, or chloroform [Found : C, 63-4; H, 89%; equiv., 168; M (Rast), 
709. (C,H,,0;), requires M, 688]. The oil had no aldehydic properties, and was not de- 
polymerised when heated with dilute sulphuric acid. Its alkaline-earth, silver, and lead 
salts were sparingly soluble in water. 

Polymerisation of Nonaldehyde——Nonaldehyde prepared by the periodic acid method, but 
under more concentrated conditions and at higher temperatures (50—55°) than those described 
above, contained traces of volatile iodine compounds, and soon polymerised to a large extent, 
occasionally setting to a mass of crystals. Ina typical case, a fraction of nonaldehyde (3-37 g-), 
collected at 85—90°/20 mm., was submitted to steam-distillation after standing for 48 hours. 
The non-volatile solid residue crystallised from alcohol in colourless needles of the trimeride of 
nonaldehyde (1-1 g.), m. p. 33-5° (cf. Molinari and Barosi, Joc. cit.), soluble in ether and light 
petroleum [Found: C, 75-9; H, 126%; M (Rast), 464. Calc. for (C,H,,0),;: ™, 426). 
Depolymerisation was effected by slow distillation with 30% sulphuric acid. Further experi- 
ments showed that trimerisation was probably not due to the presence of traces of free iodine 
or of hydriodic acid. 


The author gratefully acknowledges his indebtedness to Dr. G. W. Ellis, O.B.E., for his 
helpful interest and advice, and to the Chemical Society for a grant. 
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340. y-Substitution in the Resorcinol Nucleus. Part I. 
Synthesis of y-Resorcylaldehyde. 


By R. C. SHan and (the late) M. C. LAIwALta. 


Methyl §-resorcylate, by the Gattermann reaction under modified conditions, 
gave methyl 2: 4-dihydroxy-3-formylbenzoate, whose constitution was established 
by its conversion, by Clemmensen reduction, followed by partial methylation, into 
the known methyl 2-hydroxy-6-methoxy-m-toluate. The aldehydo-ester on hydrolysis 
by cold alkali gave 2: 4-dihydroxy-3-formylbenzoic acid, which on decarboxylation 
by heating with water in a sealed tube afforded y-resorcylaldehyde. ’ 

The introduction of the formyl] group in the 3-position is noteworthy, as 3-substitu- 
tion in 8-resorcylic acid or its ester has not been previously observed. This appears 
to show that the chelation between the hydroxy- and the carbomethoxy-group in 
methyl $-resorcylate under the experimental conditions leads to a fixation of the 
double bonds in the resorcinol nucleus and a consequent stabilisation of one of the 
Kekulé forms. 


THE Gattermann reaction failed when it was applied to methyl 6-resorcylate (I) under 
the usual conditions, viz., in the presence of zinc chloride with ether as diluent, or in the 
presence of aluminium chloride with benzene as diluent (Gattermann, Ber., 1898, 31, 
1765; 1899, 32,278). It proceeded readily, however, in the presence of aluminium chloride 
dissolved in dry ether (cf. Shah, Current Science, 1934, 157). The aldehydo-ester obtained 
was shown to be methyl 2 : 4-dihydroxy-3-formylbenzoate (II, R = Me) by its reduction 
by the Clemmensen method to methyl 2 : 6-dihydroxy-m-toluate (III, R = Me), which 
on partial methylation by sodium methoxide and methyl iodide afforded the known 
methyl 2-hydroxy-6-methoxy-m-toluate (IV, R = Me) (Perkin, J., 1895, 67, 993; Jones 
and Robertson, J., 1932, 1689). 
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The aldehydo-ester (II, R = Me) gave the characteristic o-hydroxy-aldehyde reaction 
when condensed with ethyl malonate in the presence of piperidine (Knoevenagel, Ber., 
1904, 37, 4461); the product is formulated as ethyl 5-hydroxy-6-carbomethoxycoumarin- 
3-carboxylate on account of its insolubility in aqueous alkali and its positive ferric chloride 
reaction. Bromination of (II, R = Me) gave methyl 5-bromo-2 : 4-dihydroxy-3-formyl- 
benzoate. . 

Methylation of (II, R= Me) by the methyl iodide—potassium carbonate—acetone 
method gave methyl 2-hydroxy-4-methoxy-3-formylbenzoate (V1), whereas methylation by 
methyl sulphate and concentrated alkali solution led to 2 : 4-dimethoxy-3-formylbenzoic 
acid (VII). The latter compound on Clemmensen reduction gave 2 : 6-dimethoxy-m-toluic 
acid (VIII), which was also obtained by methylation of 2-hydroxy-6-methoxy-m-toluic 
acid (IV, R = H) (Perkin, loc. cit.) by methyl sulphate and concentrated alkali solution. 
The related 2 : 6-dihydroxy-m-toluic acid (III, R = H) resulted on hydrolysis of (III, 
R = Me), and also on carboxylation of 2-methylresorcinol by potassium hydrogen carbonate. 


CHO Me Me 
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O,Me CO,R CO,R CO,R 
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(I.) (II.) (III.) (IV.) 
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Hydrolysis. of (II, R = Me) by the prolonged action of cold dilute alkali solution 
readily produced 2 : 4-dihydroxy-3-formylbenzoic acid (II, R=H). This acid, heated 


with water at about 100°, afforded y-resorcylaldehyde (V), m. p. 155—156°, which dissolved 
in dilute alkali solution with a deep yellow colour, owing probably to the existence of 
the ordinary and the quinonoid form in tautomeric equilibrium (cf. Robertson and Robin- 
son, J., 1927, 2196). The constitution of the aldehyde follows from the constitution (II, 
R = Me) for the aldehydo-ester, and from its reduction by the Clemmensen method to 
2-methylresorcinol. The Knoevenagel condensation of y-resorcylaldehyde with ethyl 
malonate gave ethyl 5-hydroxycoumarin-3-carboxylate. 

When the above work (cf. Shah and Laiwalla, Current Science, 1936, 197) was nearly 
completed, a synthesis of y-resorcylaldehyde by a different and highly involved method 
was reported (Limaye, Rasayanam, 1936, 1, 8; Brit. Chem. Abstr., 1937, A, ii, 258). 

The modification of the Gattermann reaction mentioned above may find application 
in other cases. The introduction of the formyl group in the 3-position in methyl 8-resorcyl- 
ate is of special interest as being the first case of the kind; (II, R = Me) is formed exclus- 
ively in high yield and none of the isomeric 2 : 4-dihydroxy-5-formylbenzoate is obtained. 
These results seem to show that chelation between the carbomethoxy- and the o-hydroxy- 
group in methyl §-resorcylate, under the experimental conditions, requires the presence 
of a double bond between the carbon atoms bearing these two groups, one of the Kekulé 
forms being thus stabilised. As 3-substitution in 6-resorcylic acid or its ester has not pre- 
viously been observed, it has hitherto appeared that chelation between the carbomethoxy- 
or the carboxyl group and the o-hydroxy-group does not lead to stabilisation of one of the 
Kekulé forms (Baker, J., 1934, 1689; Baker and Carruthers, J., 1937, 479). 


EXPERIMENTAL. 


Formation of Methyl 2 : 4-Dihydroxy-3-formylbenzoate (II, R = Me) from Methyl 8-Resorcyl- 
ate by the Gattermann Reaction.—All the experiments were carried out with zinc cyanide in- 
stead of anhydrous hydrogen cyanide (Adams and Levine, J. Amer. Chem. Soc., 1923, 45, 2373). 
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The specially prepared zinc cyanide of those authors was conveniently replaced by Kahlbaum’s 
pure zinc cyanide, which was almost equally effective. 

In a number of experiments under various conditions in which (a) zinc cyanide with ether 
as diluent, or (b) zinc cyanide and aluminium chloride with benzene as diluent, were used, 
methyl @-resorcylate was completely recovered. 

To a solution of anhydrous methyl -resorcylate (Robinson and Shah, J., 1934, 1496) (15 g. ; 
1 mol.) in dry ether in a flask fitted with a mercury seal and a mechanical stirrer and cooled 
by a freezing mixture, zinc cyanide (21 g.; 2 mols.) was added, followed by a solution of 
anhydrous aluminium chloride (24 g.; 2 mols.) in dry ether. Dry hydrogen chloride was 
then passed for 5 hours through the cooled stirred mixture; the zinc cyanide gradually dis- 
appeared, the solution turned red, and a pasty mass separated. Water (200 c.c.) was added, 
the first 50 c.c. gradually, and the mixture was heated at 100° for} hour. The yellow flocculent 
precipitate was separated while hot; the filtrate slowly deposited methyl B-resorcylate (2 g.). 
The precipitated aldehydo-ester was purified by distillation in steam or by crystallisation from 
boiling alcohol. Methyl 2 : 4-dihydroxy-3-formylbenzoate formed colourless needles (11 g.), m. p. 
138—140° (Found: C, 55-2; H, 4-1. C,H,O, requires C, 55-1; H, 4-1%), insoluble in water, 
very sparingly soluble in cold and moderately soluble in hot alcohol, and readily soluble in 
cold benzene. It gave a bright yellow colour with alkali solution and a deep red coloration 
with alcoholic ferric chloride. 

The 2 : 4-dinitrophenylhydrazone crystallised from glacial acetic acid in tiny yellow needles, 
m. p. 291—293° (decomp.) (Found: N, 14-9. (C,;H,,0,N, requires N, 14:9%). The semi- 
carbazone, prepared in aqueous-alcoholic solution, crystallised from acetic acid in colourless 
needles, decomp. 260—265° (Found: N, 16-3. Cj )9H,,O;N, requires N, 16-6%). The oxime 
crystallised from alcohol in colourless tiny needles, m. p. 164—165° (Found : N, 6-8. C,H,O,N 
requires N, 6-6%). The anil, prepared from the ester and excess of aniline at 100°, crystallised 
from alcohol in fine yellow needles, m. p. 131—132° (Found: N, 5-4. Cy, sH,,;0,N requires 
N, 5:2%). 

Methyl 2 : 6-Dihydroxy-m-toluate (III, R = Me).—The aldehydo-ester (3 g.), dissolved in hot 
alcohol, was gradually added to a mixture of zinc amalgam (prepared from 40 g. of zinc dust; 
Robinson and Shah, J., 1934, 1497) and dilute hydrochloric acid (1:1; 50 c.c.) at 100°, more 
alcohol being added whenever necessary to keep the substance in solution. After 1 hour, 
concentrated hydrochloric acid (10 c.c.) was added, and heating continued for a further $ hour. 
The hot liquid after filtration deposited long colourless needles, m. p. 134—135°, on cooling. 
An ethereal extract of the zinc amalgam gave a further quantity of the same substance. Total 
yield, 2 g. (Found: C, 59-6; H, 5-5. C,H,.O, requires C, 59-3; H, 5-5%). 

Methyl 2-Hydroxy-6-methoxy-m-toluate (IV, R = Me).—The foregoing compound (0-2 g.), dis- 
solved in the minimum quantity of hot methyl alcohol, was added to sodium methoxide (from 0-5 
g. of sodium) dissolved in methyl alcohol (5 c.c.). Methyl iodide (5 c.c.) was added, and the 
mixture refluxed for 5 hours. Most of the methyl alcohol was evaporated, water added, and 
the mixture acidified with dilute hydrochloric acid and extracted with ether. The extract 
was washed twice with n-sodium hydroxide and water, and the solvent evaporated. The 
residue crystallised from dilute alcohol in colourless needles, m. p. 77—79°, not depressed by 
authentic methyl 2-hydroxy-6-methoxy-m-toluate (Perkin, loc. cit., gives m. p. 76—77°) 
(Found: C, 61-2; H, 63. Calc. for C,gH,,0,: C, 61:2; H, 6-1%). 

Ethyl 5-Hydroxy-6-carbomethoxycoumarin-3-carboxylate.—Piperidine (4 drops) was added to ~ 
a mixture of (II, R = Me) (2 g.) and ethyl malonate (2 g.), dissolved in pyridine, and the mix- 
ture heated at 100° for 1 hour. The solid obtained on addition of dilute hydrochloric acid was 
triturated with 2n-potassium hydroxide to remove the unchanged aldehydo-ester. The 
insoluble solid crystallised from alcohol in colourless prismatic needles (1-7 g.), m. p. 157—158° 
(Found: C, 57:5; H, 41. C,,H,,0, requires C, 57-5; H, 4:1%). It was insoluble in 
aqueous alkali, but dissolved to a yellow solution without fluorescence in aqueous-alcoholic 
alkali. It gave a deep red colour with alcoholic ferric chloride. The compound was obtained 
in inferior yield on carrying out the condensation at room temperature in absence of pyridine. 

Methyl 5-bromo-2 : 4-dihydroxy-3-formylbenzoate, m. p. 133—134°, was prepared by bromin- 
ation of (II, R = Me) (1 g.) in hot glacial acetic acid; it crystallised on cooling (Found: Br, 
29-0. C,H,O,Br requires Br, 29-1%). The 2: 4-dinitrophenylhydvrazone crystallised from 
boiling acetic acid in needles, m. p. 294—295° (Found: N, 11-7. C,;H,,O,N,Br requires 
N, 122%). 

Methyl 2-hydvroxy-4-methoxy-3-formylbenzoate (VI), prepared in poor yield by the potassium 
carbonate—methyl iodide—acetone method, crystallised from benzene-light petroleum in colour- 
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less plates, m. p. 121—122° (Found: C, 56-9; H, 4-6. C,.H,.O, requires C, 57-1; H, 48%). 
It was insoluble in dilute alkali solution and gave a reddish-violet coloration with alcoholic 
ferric chloride. 

2 : 4-Dimethoxy-3-formylbenzoic Acid (VII).—The aldehydo-ester (5 g.), dissolved in hot 
methyl alcohol (25 c.c.), was methylated with methyl sulphate (20 c.c.) and 20% potassium 
hydroxide solution (100 c.c.), added alternately in small portions during $ hour, the mixture 
being cooled at intervals. The mixture was then made distinctly alkaline and heated at 100° 
for} hour. The flocculent yellow precipitate obtained on acidification was washed, dried, and 
washed with cold benzene. The product, which gave an appreciable coloration with alcoholic 
ferric chloride, was repeatedly crystallised, first from dilute methyl alcohol, then from chloro- 
form-light petroleum, and finally from hot water; the dimethoxy-acid was obtained in pale 
yellow needles, m. p. 185—187° (Found: C, 57-1; H, 4-7. CoH yO, requires C, 57-1; 
H, 4:8%), which gave no coloration with alcoholic ferric chloride. 

2 : 6-Dimethoxy-m-toluic Acid (VIII).—(i) The foregoing compound (VII) (0-2 g.) in hot 
alcoholic solution was added in small portions to a mixture of zinc amalgam (from 5 g. of zinc) 
and dilute hydrochloric acid (10 c.c.; 1: 1) at 100°, and the mixture further treated as in the 
reduction of (II, R = Me) (p. 1830). The product crystallised from hot alcohol in colourless 
needles, m. p. 146—147° (Found: C, 61:3; H, 6-3. Cy 9H,,0, requires C, 61-2; H, 6-1%). 
The ferric reaction was negative. (ii) Methyl 2-hydroxy-6-methoxy-m-toluate (IV, R = Me) 
(Perkin, loc. cit.) was hydrolysed by boiling alkali. The acid (IV, R = H) obtained on acidifica- 
tion was recrystallised from hot alcohol; m. p. 214—215° (Perkin gives m. p. 210°) (Found: 
C, 59-3; H, 5-6. Calc. for C,H,,0,: C, 59:3; H, 5-5%). It was methylated in acetone with 
methyl sulphate and 20% potassium hydroxide solution; the dimethoxy-acid, precipitated 
by hydrochloric acid, crystallised from alcohol in colourless needles, m. p. and mixed m. p. 
with the acid from (i), 146—-147°. 

2 : 6-Dihydroxy-m-toluic Acid (III, R =-H).—(i) Methyl 2: 6-dihydroxy-m-toluate (1 g.) 
was hydrolysed by 2n-sodium hydroxide (50 c.c.) at 100° and the cooled solution after acidification 
was extracted with ether. The solid residue obtained from the extract crystallised from 
boiling xylene in colourless flat needles, m. p. 198—199° (Found: C, 57-33 H, 5:1. C,H,O, 
requires C, 57-1; H, 48%). (ii) A mixture of 2-methylresorcinol (Jones and Robertson, 
loc. cit.) (0-25 g.), potassium hydrogen carbonate (1-25 g.), and water (5 c.c.) was heated on 
the water-bath for 4 hours and subsequently refluxed for $ hour. Acidification with concen- 
trated hydrochloric acid afforded a brownish granular solid, which crystallised from hot dilute 
hydrochloric acid in flat needles, m. p. 200—201° (decomp.), identical with the compound 
from (i). 

2 : 4-Dihydroxy-3-formylbenzoic Acid (II, R = H).—The aldehydo-ester (10 g.) was dissolved 
in N-sodium hydroxide (167 c.c.) and left at room temperature for 45 hours. Acidification of 
the brownish-red solution with concentrated hydrochloric acid precipitated the acid, which 
was extracted with ether, recovered, triturated with cold benzene to remove unchanged ester, 
and crystallised from dilute methyl alcohol; it forméd colourless needles (7-5 g.), m. p. 193— 
194° (decomp.) (Found: C, 53-3; H, 3-4. C,H,O; requires C, 52-7; H, 3-3%), readily soluble 
in methyl and ethyl alcohols and sparingly in benzene. 

y-Resorcylaldehyde (V).—Attempts to decarboxylate the acid (II, R = H) by the usual 
methods gave unsatisfactory results. The acid (2 g.) and water (30 c.c.) were heated together 
in a sealed tube at 100—110° for 10 hours. The mixture was extracted with ether, in which 
the red resinous matter formed was sparingly soluble. The oily reddish residue obtained on 
evaporation of the ether was extracted with the minimum quantity of boiling water; the pale 
yellow solution, on cooling, deposited tiny, slightly yellowish needles of the aldehyde (0-5 g.), 
m. p. 155—156°. Limaye (loc. cit.) gives m. p. 154—155° (Found: C, 60-4; H, 4-3: Calc. 
for C,H,O,: C, 60-9; H, 4-3%). It was sparingly soluble in cold water, much more soluble 
in hot, readily soluble in cold alcohol and in benzene, and dissolved in alkali with a deep yellow 
colour, which slowly changed to brown owing to oxidation. It gaveadark brown emcees with 
aqueous or alcoholic ferric chloride. 

The 2: 4-dinitrophenylhydrazone crystallised from much boiling alcohol in tiny yellow 
needles, m. p. 288—-291° (Found: N, 16-5. C,,;H,O,N, requires N, 17-6%). The semi- 
carbazone crystallised from hot alcohol incolourless plates, m. p. 245° (Found: N, 20-9. 
C,H,O,N, requires N, 21-5%). 

Ethyl 5-H ydroxycoumarin-3-carboxylate.—Piperidine (2 drops) was‘added to a cooled mixture 
of y-resorcylaldehyde (0-3 g.) and ethyl malonate (0-4 g.). The resulting red liquid, left at 
room temperature overnight, solidified. It was treated with dilute hydrochloric acid; the 
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resulting solid crystallised from alcohol in yellowish plates, m. p. 229—-230° (Found : C, 61-5; 
H, 4:8. C,.H,,O; requires C, 61-5; H, 4:3%). 

Clemmensen-reduction of y-Resorcylaldehyde.—The aldehyde (0-4 g.) was reduced with a mix- 
ture of zinc amalgam (from 10 g. of zinc) and dilute hydrochloric acid (20 c.c.) similarly to 
(II, R = Me). The hot solution was filtered, cooled, saturated with sodium chloride, and 
extracted with ether. The solid residue obtained from the extract crystallised from benzene 
in colourless plates, m. p. 117—118°, not depressed by 2-methylresorcinol (m. p. 117—118°) 
prepared by the action of hydriodic acid on 2-hydroxy-6-methoxy-m-toluic acid (cf. Jones and 
Robertson, Joc. cit.). 

All the analyses are microanalyses by Dr. Schoeller. 


IsMAIL COLLEGE, BoMBAY. 


Roya INSTITUTE OF SCIENCE, BomMBAY. [Received, August 19th, 1938.] 





341. Synthesis of 5-Hydroxycoumarin. 
By. H. A. Suan and R. C. SHAH. 


5-Hydroxycoumarin has been synthesised by a series of reactions starting from 
methyl 2-hydroxy-4-methoxy-3-formylbenzoate (Shah and Laiwalla, preceding paper) 
and ethyl malonate. 


5-HyDROXY-4-METHYLCOUMARINS are readily available through the condensation of methyl 
8-resorcylate and resacetophenone with ethyl acetoacetate in presence of anhydrous 
aluminium chloride (Sethna, Shah, and Shah, this vol., p. 228). 5-H ydroxycoumarin, which 
obviously cannot be prepared by this method, has now been synthesised from methyl 
2 : 4-dihydroxy-3-formylbenzoate (Shah and Laiwalla, Current Science, 1936, 197; pre- 
ceding paper). 

Methyl 2 : 4-dihydroxy-3-formylbenzoate gave an unsatisfactory result in the Perkin 
reaction. It was therefore condensed with ethyl malonate. Hydrolysis of the product 
afforded 5-hydroxycoumarin-3 : 6-dicarboxylic acid, which was also obtained by the con- 
densation of 2 : 4-dihydroxy-3-formylbenzoic acid (Shah and Laiwalla, loc. cit.) with cyano- 
acetic acid (cf. Heyes and Robertson, J., 1936, 1836). Attempts to decarboxylate the 
acid were unsuccessful. 

y-Resorcylaldehyde (Shah and Laiwalla, loc. cit.), which was expected to give 5-acetoxy- 
coumarin directly in the Perkin reaction, gave only a resinous unworkable mass. On 
condensation with cyanoacetic acid, the aldehyde gave 5-hydroxycoumarin-3-carboxylic 
acid, decarboxylation of which afforded a substance, m. p. 195—210°. This was possibly 
5-hydroxycoumarin, but the amount obtained was too small for further investigation. 

5-Hydroxycoumarin-3 : 6-dicarboxylic acid and its methyl ethyl ester could not be 
methylated. 

Methyl 2-hydroxy-4-methoxy-3-formylbenzoate (Shah and Laiwalla, loc. cit.), now ob- 
tained in much improved yield, afforded, on condensation with ethyl malonate, ethyl 
5-methoxy-8-carbomethoxycoumarin-3-carboxylate, which on hydrolysis gave 5-methoxy- 
coumarin-3 : 8-dicarboxylic acid. This acid was smoothly decarboxylated to 5-methoxy- 
coumarin, demethylation of which with aluminium chloride afforded 5-hydroxycoumarin, 
from which 2 : 6-dimethoxycinnamic acid was obtained. 


EXPERIMENTAL. 


5-Hydroxycoumarin-3 : 6-dicarboxylic Acid.—(i) A suspension of ethyl 5-hydroxy-6-carbo- 
methoxycoumarin-3-carboxylate (Shah and Laiwalla, preceding paper) (2 g.) in 4% sodium 
hydroxide solution (60 c.c.) was left for 8 hours at room temperature. The clear solution ob- 
tained was acidified with dilute hydrochloric acid, and the precipitated acid purified by means 
of sodium hydrogen carbonate. It crystallised from alcohol in tiny yellow needles (1-2 g.), 
m. p. 265—267° ‘efferv.) (Found: C, 53-4; H, 3-0. C,,H,O, requires C, 52-8; H, 2-4%). 
(ii) 2: 4-Dihydroxy-3-formylbenzoic acid (Shah and Laiwalla, preceding paper) (1 g.), 20% 
sodium hydroxide solution (10 c.c.), and an aqueous solution of cyanoacetic acid (0-5 g.) were 
stirred together for 3 hours and kept at room temperature for 24 hours; the mixture was then 
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acidified with dilute hydrochloric acid. The pale yellow precipitate, on being boiled with 
4% hydrochloric acid (40 c.c.), afforded the dicarboxylic acid, which crystallised from dilute 
alcohol in small needles (0-8 g.), m. p. and mixed m. p. with the acid from (i), 265—267°. 

5-Hydroxycoumarin-3-carboxylic acid, prepared from y-resorcylaldehyde (Shah and Laiwalla, 
preceding paper) and cyanoacetic acid by method (ii) above, crystallised from nitrobenzene 
in slender yellow needles, m. p. 272—274° (efferv.) (Found: C, 57-3; H,2-9. C,)9H,O;,0-25H,O 
requires C, 57-3; H, 2-9%). 

Methyl 2-Hydroxy-4-methoxy-3-formylbenzoate.—Methyl 2: 4-dihydroxy-3-formylbenzoate 
(Shah and Laiwalla, Joc. cit.) (3 g.), methyl sulphate (6 g.), and fused potassium carbonate 
(10 g.) in acetone (100 c.c.) were heated under reflux for 24 hours, the solution filtered, and the 
potassium salt washed thoroughly with acetone (50 c.c.). The solid obtained on evaporation 
of acetone was washed with 5% sodium hydroxide solution (60 c.c.) and crystallised from 
benzene-light petroleum; it formed colourless prisms (2-1 g.), m. p. 121—122°. 

Condensation of Methyl 2-Hydroxy-4-methoxy-3-formylbenzoate with Ethyl Malonate.—To 
the foregoing methy] ether (5 g.), dissolved in pyridine (20 c.c.), ethyl malonate (7-5 g.) and piperi- 
dine (4 drops) were added. The mixture was heated under reflux for 30 minutes, kept at 
100° for 2 hours, and then poured into dilute hydrochloric acid (150 c.c.). Ethyl 5-methoxy-8- 
carbomethoxycoumarin-3-carboxylate crystallised from methanol in small yellow needles (5 g.), 
m. p. 186—188° (Found: C, 58-8; H, 4-7. C,;H,,0O, requires C, 58-8; H, 46%). 

5-Methoxycoumarin-3 : 8-dicarboxylic acid, obtained by shaking the preceding ester (5 g.) 
with 4% sodium hydroxide solution (100 c.c.) for 3 hours and acidifying the mixture after 
12 hours, crystallised from alcohol in needles (4 g.), m. p. 281° (efferv.) (Found: C, 54-6; 
H, 3-1. C,,H,O, requires C, 54-6; H, 3-0%). 

5-Methoxycoumarin.—The foregoing acid (2 g.) was boiled with quinoline (30 c.c.) contain- 
ing copper-bronze (4-0 g.) for hour. The filtered solution was mixed with an excess of dilute 
hydrochloric acid and extracted with ether, the extract washed with aqueous sodium hydrogen 
carbonate and evaporated, and the residual 5-methoxycoumarin (0-9 g.) crystallised from hot 
water; it formed colourless woolly needles, m. p. 85—87° (Found: C, 68-2; H, 4-8. C,H,O, 
requires C, 68-2; H, 46%). 

5-Hydroxycoumarin.—A mixture of 5-methoxycoumarin (0-5 g.) and aluminium chloride 
(1 g.) was heated at 145—150° for 3 hours, ice and hydrochloric acid added, and the insoluble 
5-hydroxycoumarin crystallised from water, forming tiny woolly needles (0-3 g.), m. p. 223—225° 
(Found: C, 66-5; H, 3-9. C,H,O, requires C, 66-7; H, 3-7%), easily soluble in alcohol and 
hot water but sparingly in benzene and xylene. It dissolved in alkali with a deep yellow 
colour, which slowly changed to brown on exposure. Its solutions in alkali and in sulphuric 
acid were not fluorescent (see Collie and Chrystall, J., 1907, 91, 1804; Dey, J., 1915, 107, 1614, 
1621). 

The acetyl derivative, prepared by refluxing the substance (0-2 g.) with acetic anhydride 
(2 c.c.) and pyridine (2 drops) for 3 hours, crystallised from water in silky needles, m. p. 88— 
89° (Found: C, 64:7; H, 4:1. C,,H,O, requires C, 64-7; H, 3-9%). 

2: 6-Dimethoxycinnamic Acid.—5-Methoxycoumarin (0-5 g.) was dissolved in acetone 
(5 c.c.), and methyl sulphate (5 c.c.) added, followed by 10% sodium hydroxide solution (20 
c.c.) in small portions. The mixture was heated on the steam-bath for a few minutes and 
again for 15 minutes after addition of more of these two reagents. 2 : 6-Dimethoxycinnamic 
acid, obtained on acidification with hydrochloric acid after 12 hours, ‘crystallised from water, 
containing a few drops of alcohol, in stout colourless needles, m. p. 151—153° (Found: C, 
63-3; H, 5-8. C,,H,,O, requires C, 63-5; H, 58%). It decolourised bromine water and 
alkaline potassium permanganate solution and gave no coloration with ferric chloride. 

All the analyses recorded are micro-analyses. 


Royat INsTITUTE OF SCIENCE, BomBAy. 
IsmaIL COLLEGE, ANDHERI, BoMBay. F [Received, August 19th, 1938.] 





342. New Derivatives of mesoBenzanthrone. 
By W. H. D. Boyes, JoHn L. GRIEVE, and H. GORDON RULE. 


A study has been made of some of the more important reactions of 3’ : 8-ketomeso- 
benzanthrone and of the closely related mesobenzanthrone-8-carboxylic acid and 
-3'-carboxylic acid, the last having now been prepared for the first time. All three 
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compounds undergo halogenation and nitration primarily in position 1’; under vigorous 
treatment with bromine, ketobenzanthrone yields the 1’ : 6-dibromo-derivative. 

In the 8- and 3’-carboxylic acids the nuclear hydrogen atoms in the adjacent 3’- 
and 8-positions are readily oxidised to hydroxyl with subsequent formation of lactones 
(e.g., with excess of nitric acid, or bromine in nitrobenzene), a change which may be 
accompanied by substitution in position 1’. Unlike the 8-isomeride, benzanthrone-3’- 
carboxylic acid is oxidised by chromic acid to form anthraquinone-l-carboxylic 
acid. 

Hydrazoic acid has been employed for the conversion of the 8-carboxylic acid 
into 8-aminomesobenzanthrone, and of 3’ : 8-ketobenzanthrone into the related lactam, 
probably derived from 8-aminomesobenzanthrone-3’-carboxylic acid.. The latter is 
apparently identical with the lactam obtained from the 3’ : 8-ketoxime by Beckmann 
transformation. A different lactam appears to be formed on oxidising the 8-carboxylic 
acid amide with bromine in nitrobenzene. Dibenzanthrones have been prepared 
from a number of these derivatives by alkali fusion. 


THE preparation of mesobenzanthrone-8-carboxylic acid and of the 3’ : 8-ketomesobenz- 
anthrone (I) formed from it by ring closure have been described by Rule and co-workers 
(J., 1935, 571, 573). Although the ketonic bridge in fluorenone is comparatively stable 
towards aqueous alkali, the similar structure in ketomesobenzanthrone slowly undergoes 
rupture to form the above 8-carboxylic acid, presumably admixed with its 3’-isomeride. 
Attempts to separate the atidic products of hydrolysis by crystallisation 
of the acids, their esters or their salts led only to the isolation of 
extremely small amounts of the known 8-carboxylic acid. Larger 
CO quantities of this compound (up to 25%) have now been obtained by 
esterifying the acid mixture and adsorbing the esters from benzene 
solution upon aluminium oxide, followed by systematic washing with 
benzene and fractionation according to the methods of chromatographic 
i.) analysis (Rule and J. S. Flanders, unpublished). Under no conditions 
was it found possible to isolate the unknown 3’-carboxylic acid or its 

ester from such mixtures. 

mesoBenzanthrone-3'-carboxylic acid has, however, been synthesised in small yield by 
the Ullmann reaction from methyl 1-bromo-2-naphthoate (new method of preparation), 
methyl o-iodobenzoate and copper-bronze. The main products were diphenic ester and 
dinaphthyl-88’-dicarboxylic ester, but fractional distillation, followed by sulphuric acid 
treatment, led to the isolation of the pure 3’-carboxylic acid, m. p. 285°, in about 5% yield. 
Confirmation of the structure of the acid is given by its quantitative conversion into 
3’ : 8-ketomesobenzanthrone on treatment with phosphoric oxide and by its decarboxylation 
to benzanthrone. 

In general properties it strongly resembles the isomeric 8-carboxylic acid, but whereas 
oxidation with chromic acid converts the latter into the lactone of 3’-hydroxymesobenz- 
anthrone-8-carboxylic acid (Grieve and Rule, J,, 1937, 535), the former yields anthra- 
quinone-l-carboxylic acid. There is strong evidence for believing that the lactone of the 
8-hydroxy-3’-carboxylic acid is produced in the form of a nitro-derivative when the 
parent 3’-carboxylic acid is boiled with excess of nitric acid, since the yellow compound 
only dissolves slowly in boiling alkali, yielding a blue solution. The new acid was bromin- 
ated under prolonged treatment to give 1’-bromomesobenzanthrone-3'-carboxylic acid. 
Hence, in comparison with mesobenzanthrone itself, the introduction of the carboxyl group 
in position 3’ does not affect the primary point of attack, although the ease of substitution 
is greatly diminished. 

mesoBenzanthrone-8-carboxylic acid was also found to undergo halogenation somewhat 
slowly, to form 1’-chloromesobenzanthrone-8-carboxylic acid and the related 1’-bromo-acid, 
the structure of the former being established by decarboxylation to the known 1’-chloro- 
benzanthrone. A characteristic property of benzanthrone-8-carboxylic acid is its tendency 
to undergo oxidation in position 3’ to yield the lactone of the 3’-hydroxy-acid. Thus 
when it was boiled with a solution of bromine in nitrobenzene, only oxidation occurred 
and the bromine-free lactone was isolated in high yield, no change being observed with 
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nitrobenzene alone. A similar tendency is found in the reactions of the acid towards 
nitric acid. With the calculated amount of nitric acid in cold sulphuric acid, the product 
is 1’-nitromesobenzanthrone-8-carboxylic acid, but with excess of boiling nitric acid oxid- 
ation also occurs to form the lactone of 1’-nttro-3'-hydroxymesobenzanthrone-8-carboxylic 
acid (soluble in alkali to a purple solution). On the other hand, if excess of nitric acid in 
boiling acetic acid is employed, oxidation alone takes place to give the un-nitrated lactone. 
These reactions are summarised in the scheme : 


HO,C 
CO 
ao 
Xs 


O HNO, (excess) " va 


we: / 
Ec 330% NO, 
"TAN, OC O ® 
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A change of a different kind is the conversion of the 8-carboxylic acid into 8-amino- 
mesobenzanthrone by direct replacement of the carboxyl by an amino-group, which is readily 
effected by use of hydrazoic acid. The red amino-compound is a very weak base, and 
does not form salts with aqueous acids. It could be diazotised and coupled with 8-naphthol 
to give an azo-dye, and on fusion with sodium hydroxide yielded a blue-black vat dye 
of dibenzanthrone type. 

3’ : 8-Ketomesobenzanthrone underwent chlorination and bromination in acid aqueous 
suspension somewhat more readily than the above carboxylic acids, the halogen attacking 
position 1’ to form 1’-chloro-3' : 8-ketomesobenzanthrone or the corresponding bromo- 
compound. Longer treatment under these conditions with chlorine led to the production 
of a mixture of isomeric dichloro-derivatives, but use of liquid bromine gave rise to the 
pure 1’ : 6-dibromo-compound in good yield. Interaction between the keto-compound 
and nitric acid at low temperatures resulted in the formation of 1’-nitroketobenzanthrone. 
Under more vigorous treatment, nitration was accompanied by rupture of the ketonic ring 
and oxidation to nitrated lactones of the isomeric hydroxy-acids. It has been found 
that ketomesobenzanthrone forms a stable molecular compound, m. p. 322°, with nitro- 
benzene. 

Following the successful use of hydrazoic acid for converting the 8-carboxylic acid 
into the corresponding amine, this reagent was employed in the presence of sulphuric acid 
for effecting the transformation of ketobenzanthrone into the related anthridone or lactam 
(cf. Walls, J., 1935, 1405). The compound (possibly of structure II; see below) was 
obtained as an extremely sparingly soluble, yellow powder having no melting point below 
360°. It was formed in high yield, but the actual arrangement of the CO and NH groups 
in the expanded ring could not be established with certainty. Apparently the same 
product was formed when mesobenzanthrone-3’ : 8-ketoxime was submitted to the Beckmann 
change using phosphorus pentachloride in anisole. In view of the suggestion made by 
Schmidt (Ber., 1924, 57, 704) and by Walls that the ketone—anthridone conversion brought 
about by means of hydrazoic acid is akin to a Beckmann change it may be noted that the 
above oxime could not be made. to undergo the rearrangement with sulphuric acid as 
agent, indicating that some mechanism other than the Beckmann change is in operation 
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(see also Spielman and Austin, J. Amer. Chem. Soc., 1937, 59, 2658). Fusion of the oxime 
with zinc chloride at 280°, a procedure employed by Pictet and Gonset (Chem. Zenir., 
1897, I, 413) and by Moore and Huntress (J. Amer. Chem. Soc., 1927, 49, 2618) for the 
conversion of fluorenoneoxime into phenanthridone, led in the present case to hydrolysis 


of the oxime. 


In the hope of obtaining some. evidence bearing upon the structure of the above an- 
thridone, an attempt was made to effect the cyclisation of the CO-NH, group in the amide 
of mesobenzanthrone-8-carboxylic acid by the use of sodium hypobromite. The compound 
remained unaffected by the treatment, but after it had been heated with bromine in 
nitrobenzene the cooled liquid deposited yellow-green needles, which in respect of their 
analytical data, high melting point (> 360°), extreme insolubility and stability to alkali 
are concluded to consist of the anthridone in question. As has already been mentioned 
above, treatment with bromine in nitrobenzene converts the free acid into the lactone of the 
3’-hydroxy-acid; and by analogy the acid amide may be expected to yield the lactam. 
The product obtained from ketobenzanthrone or its oxime, however, differed slightly in 
appearance and colour reactions from that prepared from the amide. Since the latter, if 
it is of the lactam type, must be that of a 3’-amino-8-carboxylic acid, the former is pro- 
visionally assigned the isomeric 8-amino-3’-carboxylic structure. On fusing the lactam 
obtained from ketobenzanthrone with sodium hydroxide at 280°, a very sparingly soluble 
blue-black vat dye was obtained, which dyed cotton a fast purple-grey colour. 


During preliminary work in the preparation of mesobenzanthrone-3’-carboxylic acid 
a portion of the resulting fluorenonecarboxylic acid (see below) was nitrated in the belief 
that it was a benzanthrone derivative, and in an attempt to orient the product 3-nztro- 
mesobenzanthrone-8-carboxylic acid was synthesised from methyl 8-bromo-3-nitro-1- 
naphthoate and methyl o-iodobenzoate in the presence of copper-bronze. This acid was 
further cyclised to 3-nitro-3’ : 8-ketomesobenzanthrone and decarboxylated to 3-nitromeso- 


benzanthrone. 


EXPERIMENTAL. 


mesoBenzanthrone-3'-carboxylic Acid.—1-Bromo-2-naphthylamine hydrochloride (50 g., 
prepared according to Franzen and Eidis, J. pr. Chem., 1913, 88, 755) was finely powdered, 
suspended in a mixture of water (150 c.c.) and concentrated hydrochloric acid (50 c.c.), and 
treated with a slight excess of sodium nitrite solution (20 g. in 25 c.c. of water) at 0—5°. The 
clear diazo-solution was added in portions with vigorous stirring to a cuprous cyanide solution, 
obtained by mixing solutions of sodium cyanide (120 g. in 300 c.c. of water) and of copper 
sulphate (100 g. of CuSO,,5H,O in 400 c.c. of water) and filtration from a trace of sediment. 
A brown precipitate formed, which after 3 hours’ further heating and stirring changed into brown 
oily drops of nitrile. After standing overnight, the solidified nitrile was removed and heated 
under reflux for 24 hours with a mixture of acetic acid (400 c.c.), sulphuric acid (200 c.c.), and 
water (100 c.c.). On pouring into 2 1. of water, crude 1-bromo-2-naphthoic acid separated ; 
it was digested -with aqueous alkali at 50° for a few minutes, and the filtered solution acidified. 
The yield of light brown acid, m. p. 187—189°, was 21 g. (43%). A portion crystallised from 
benzene gave colourless needles, m. p. 191° (Mayer and Sieglitz, Ber., 1922, 55, 1859, record 
m. p. 186° for the acid prepared by oxidising the corresponding aldehyde). 

The crude acid (15 g.) from hydrolysis of the nitrile was esterified by use of thionyl chloride 
and methyl alcohol, giving methyl 1-bromo-2-naphthoate (14 g., 90%), m. p. 58—59°. Another 
crystallisation from light petroleum afforded colourless plates, m. p. 60° (Found: Br, 30-0. 
C,,H,O,Br requires Br, 30-2%). 

Attempts to couple methyl 1-bromo-2-naphthoate (25 g.) with methyl o-iodobenzoate (50 g.) 
in presence of copper-bronze (30 g.) at 175—180° gave a mixture from which no solid esters could 
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be isolated. Heating this with sulphuric acid, followed by dilution with water, gave a mixture 
of solids from which only diphenic acid, anthanthrone and fluorenone-4-carboxylic acid could 
be obtained, although the occurrence of a small proportion of mesobenzanthrone-3’-carboxylic 
acid was indicated by the isolation by chemical changes of small amounts of mesobenzanthrone 
and of ketomesobenzanthrone from the crude fluorenone-4-carboxylic acid. The bulk of the 
latter acid could be precipitated by means of dinitrophenylhydrazine, but this reaction was 
not quantitative and no specimen of benzanthrone-3’-carboxylic acid could be prepared in 
this manner. 

The crude mixed esters from another Ullmann reaction were therefore fractionated under 
12 mm. pressure through acolumn. At 195—200° the bulk of the diphenic ester distilled (m. p. 
73—74°), most of the product which gives rise to fluorenonecarboxylic acid thus being re- 
moved. The second fraction, b. p. 225—240°, was a yellow viscid liquid, which after treatment 
with sulphuric acid and dilution with water gave a brown solid. The latter was digested with 
alkali, and the filtered solution acidified. The crude acid (4-5 g.), m. p. 234—239°, obtained 
still contained a considerable proportion of fluorenonecarboxylic acid. It was boiled with 
chlorobenzene (150 c.c.) for 10 mins., the filtrate depositing on cooling fluorenonecarboxylic 
acid; the light brown undissolved portion (1-02 g.) melted at 272—273°, and on crystallisation 
from nitrobenzene afforded 0-85 g. (3%) of mesobenzanthrone-3'-carboxylic acid, m. p. 283—284°, 
raised to 285° by further crystallisation (Found: C, 78-8; H, 3-8. Cj, 9H, 9O; requires C, 78-8; 
H, 3-7%). The acid dissolves readily in alkalis, forming deep yellow solutions, with bright 
green fluorescence. In concentrated sulphuric acid the solution is red with green fluorescence. 

Owing to the difficulty of obtaining this acid, only the following brief examination of its 
reactions was undertaken. (a) When 0-1 g. in phthalic anhydride (5 g.) was maintained for 
2 hours at 200° with addition of phosphoric oxide (0-2 g.), ketomesobenzanthrone (0-084 g.; 
90%) was obtained, m. p. and mixed m. p. 327—328°. (b) Decarboxylation of the crude 
acid with quinoline and copper-bronze led to the isolation of mesobenzanthrone, m. p. and mixed 
m. p. 171—172°. (c) The acid (0-1 g.) was dissolved in sulphuric acid (3 c.c.), and water 
(10 c.c.) added. The resulting fine suspension was treated in portions with chromic acid and 
boiled under reflux for 6 hours. Dilution with water threw down a brown precipitate 
(0-055 g.; 64%), m. p. 287—290°, which on crystallisation from alcohol afforded fine colourless 
needles, m. p. 293—294°, not depressed by admixture with anthraquinone-l-carboxylic acid. 
(d) A suspension prepared from the acid (0-3 g.), sulphuric acid (3 c.c.), and water (25 c.c.) 
was treated with bromine (1-5 g.) and maintained at the b. p. for 6 hours. The excess of 
bromine was distilled off, and the orange solid separated. Yield, 0-37 g. (96%), m. p. 305— 
308°. Two crystallisations from nitrobenzene afforded fine yellow needles of pure 1’-bromo- 
mesobenzanthrone-3'-carboxylic acid, m. p. 319—320°; yield, 0-2 g. (51%) (Found: Br, 22-5. 
C,,H,O,Br requires Br, 22.6%). The acid dissolves in alkalis to form yellow solutions with 
vivid green fluorescence; in concentrated sulphuric acid it gives a purple solution with greenish 
fluorescence. The position of the bromine atom was established by treating the compound 
with phosphoric oxide and phthalic anhydride at 200°; an almost quantitative yield was then 
obtained of 1’-bromo-3’ : 8-ketomesobenzanthrone, m. p. 323—325° (confirmed by mixed m. p. 
and its colour reaction in sulphuric acid; see below). (e) mesoBenzanthrone-3’-carboxylic 
acid (0-1 g.) was dissolved in concentrated nitric acid (2 c.c.) and heated to the b. p. for 15 
mins. Water was added, and the precipitated solid recrystallised thrice from acetic acid, 
giving fine yellow needles, m. p. 256—257°. These contained nitrogen and dissolved slowly 
in alkali to form a pure blue non-fluorescent solution, suggesting that the product was probably 
a nitrated /actone of 8-hydroxymesobenzanthrone-3'’-carboxylic acid (Found : C, 67:3; H, 2-4; 
N, 4:7. C,gH,O,;N requires C, 68-1; H, 2-2; N, 44%). Owing to lack of material no further 
examination was made. 

mesoBenzanthrone-8-carboxylic Acid.—The acid was prepared according to the method of 
Rule and co-workers (J., 1935, 571, 573) and the following reactions were carried out. 

Chlorination. The acid (0-5 g.) was dissolved in sulphuric acid (5 c.c.), and water (25 c.c.) 
added. A slow stream of chlorine was passed into the boiling fine suspension for 4 hours. 
The resulting yellow solid crystallised: from nitrobenzene in stout yellow needles of 1’-chloro- 
mesobenzanthrone-8-carboxylic acid (0-42 g., 74%), m. p. 317—318° (Found : Cl, 11-3. C,,H,O,Cl 
requires Cl, 11-5%). The acid dissolves in alkalis to yellow solutions with vivid green fluores- 
cence; in sulphuric acid the solution is bright red with green fluorescence. 

Decarboxylation by copper and quinoline afforded, after recrystallisation from chloro- 
benzene, light brown needles of 1’-chloromesobenzanthrone (56% yield), m. p. and mixed 
m. p. 184°. The chlorine atom in the acid therefore occupies the 1’-position. 
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Bromination. This could not be effected under the conditions recommended for benzan- 
throne itself in D.R.-P. 193,959 (Chem. Zenir., 1908, I, 1112), namely, by boiling an aqueous 
suspension with bromine for 1 hour, but when a suspension in dilute sulphuric acid was treated 
with excess of bromine and maintained at the b. p. for 5 hours, the product after crystallisation 
from nitrobenzene gave yellow needles of 1’-bromomesobenzanthrone-8-carboxylic acid in 
70% yield; m. p. 315—316° (sintering at 305°), alone or admixed with the synthetic 1’-bromo- 
acid of Rule and Smith (J., 1937, 1101). 

When mesobenzanthrone-8-carboxylic acid was heated with bromine in boiling nitrobenzene 
for 3 hours, a high yield (60%) of the lactone of 3’-hydroxymesobenzanthrone-8-carboxylic 
acid was isolated. With boiling nitrobenzene alone the starting material was recovered 
unchanged. 

Nitrvation. A solution of mesobenzanthrone-8-carboxylic acid (1-5 g.) and concentrated 
sulphuric acid (30 c.c.) was cooled to 0°, and a cooled solution of nitric acid (d 1-42; 0-42 c.c.) 
in concentrated sulphuric acid (5 c.c.) added with stirring. The colour gradually changed from 
red to orange and after 15 mins. the solution was poured into water (200 c.c.) and made alkaline 
with sodium hydroxide. The purple colour was then just discharged from the alkaline solution 
by careful acidification, and the precipitated nitro-lactone filtered off, leaving an orange non- 
fluorescent solution. Acidification of the latter precipitated yellow 1’-nitromesobenzanthrone- 
8-carboxylic acid (1-30 g.), m. p. 292—295° (decomp.), raised to m. p. 310° (yield, 50%) after 
two crystallisations from nitrobenzene. It was identified by mixed m. p. and colour reactions 
with the synthetic product of Rule and Smith (loc. cit., p. 1102). 

A larger proportion of nitric acid than the above, or a higher temperature, increases the 
yield of nitro-lactone. Thus 0-5 g. of the 8-carboxylic acid and 10 c.c. of concentrated nitric 
acid, after boiling for 15 minutes, gave a product which, twice recrystallised from acetic acid, 
afforded yellow needles (0-36 g.; 62%), m. p. 317—318° (decomp.), of the lactone of 1’-nitro- 
3’-hydroxymesobenzanthrone-8-carboxylic acid (Found: N, 4:4. C,,H,O,;N requires N, 4-4%). 
The same compound was obtained (a) by nitrating the lactone of the 3’-hydroxy-acid under the 
above conditions and (b) by oxidising 1’-nitromesobenzanthrone-8-carboxylic acid with chromic 
acid (60% yield). The nitro-lactone dissolves in aqueous alkali on boiling, forming a purple 
non-fluorescent solution; in concentrated sulphuric acid the solution is orange and non- 
fluorescent. An attempt to nitrate mesobenzanthrone-8-carboxylic acid with excess of con- 
centrated nitric acid in boiling acetic acid solution led only to the isolation of the un-nitrated 
lactone of 3’-hydroxymesobenzanthrone-8-carboxylic acid in 46% yield. 

Conversion into 8-aminomesobenzanthrone. Benzanthrone-8-carboxylic acid (4 g.), in 
sulphuric acid (25 c.c.) with addition of chloroform (100 c.c.), was treated at 45—50° with 
sodium azide (4-4 g.), added in portions with stirring during 2 hours. The reddish precipitate 
obtained when the mixture was poured into water was boiled out with aqueous sodium hydroxide 
to remove a little unchanged acid and the remaining solid was filtered off. Yield, 3-04 g.; 
m. p. 207—211°. Crystallisation from alcohol gave dark red needles of 8-aminomesobenz- 
anthrone, m. p. 215—217° (Found: C, 82-9; H, 4:5; N, 5-8. C,,H,,ON requires C, 83-3; 
H, 4:5; N, 5-7%). The amine dissolves sparingly in boiling alcohol, and less readily in benzene 
and ethyl acetate. In sulphuric acid the solution is blood-red with yellowish fluorescence. It 
is not appreciably soluble in dilute mineral acids, although the colour of the solid changes from 
red to orange-yellow owing to surface salt formation. When the amine is diazotised in acetic 
acid by use of sodium nitrite in concentrated sulphuric acid, and added to an alkaline solution 
of 8-naphthol, a red azo-dye is precipitated. 

With formic acid at the b. p. (20 mins.) the amine afforded 8-formamidomesobenzanthrone, 
which separated from alcohol in golden-yellow needles, m. p. 268—271°, insoluble in alkalis 
and yielding in sulphuric acid a blood-red solution without fluoresence (Found: C, 78-6; H, 
4-4; N, 5-2. C,,H,,O,N requires C, 79-1; H, 4:2; N, 5:1%). Short treatment with acetic 
anhydride converted the amine into 8-acetamidomesobenzanthrone, which crystallised from 
alcohol in yellow needles, m. p. 278—279°, sparingly soluble in alcohol, acetic acid, and benzene 
(Found: N, 4-6. Cj, ,H,,0,N requires N, 4:9%). 

Fusion of the amine (0-5 g.) with potassium hydroxide (4 g.) at 220° for 30 mins. gave a 
bluish melt, which was boiled out with water and filtered. The alkali-insoluble material (0-43 
g.) consisted of a blue-black powder, with no m. p. below 360°. It was extracted with hot alcohol 
to remove any unchanged starting material and then dissolved in boiling nitrobenzene, sub- 
sequent addition of light petroleum throwing down 0-12 g. of a dark blue-black micro-crystalline 
product, presumably of diaminodibenzanthrone (Found: N, 6-0. C3,H,,0O,N, requires N, 
5:8%). It was extremely sparingly soluble in aqueous alkaline hyposulphite; the faintly green 





[1938] New Derivatives of mesoBenzanthrone. 1839 


vat (blue fluorescence) dyed cotton a fast pale grey-green colour. Insulphuric acid the diamino- 
compound dissolved to a brown solution with green fluorescence. 

mesoBenzanthrone-8-carboxyamide was prepared by interaction of the acid chloride with 
concentrated aqueous ammonia. It separated from nitrobenzene in yellow needles, soluble 
in sulphuric acid to form a blood-red solution with yellowish fluorescence (Found: C, 78-2; 
H, 4:2; N, 5-2. C,,H,,O,N requires C, 79-1; H, 4:0; N, 5-1%). In the melting point tube 
the amide sinters at 300—310°, softens at 320°, and melts at 325—-327°. Fusion is followed 
by resolidification at 327—330° with no further change up to 360°. On occasion a little gas 
evolution was noted about 325° and 330°. The product so obtained is a mixture which no 
longer dissolves in sulphuric acid with red coloration, but gives a brown colour with vivid green 
fluorescence. The amide could only be hydrolysed effectively by use of nitrous acid, yielding the 
free acid together with about 25% of the lactone of the 3’-hydroxy-acid. 

Ring closure of the amide to the related lactam was attempted in three ways: (a) The 
amide (1 g.) was dissolved in sulphuric acid (10 c.c.), and an equal volume of water added. 
The mixture was treated with chromic acid (1-4 g.) and kept at the b. p. for 2 hours. The 
dried precipitate melted at 351—354° (0-78 g.), raised after crystallisation from acetic acid to 
356—357° (0-46 g.) alone or admixed with the lactone of the 3’-hydroxy-acid. It was slowly 
but almost completely soluble in warm alkali to a purple fluorescent solution. No other product 
could be isolated. (b) The amide (0-5 g.) freshly pasted from sulphuric acid, was boiled for 8 
hours with n-sodium hydroxide (10 c.c.) to which bromine (0-1 c.c.) had been added. The amide 
was recovered unchanged. (c) The amide (0-5 g.) freshly pasted and dried, was boiled for 3 hours 
with bromine (0-1 c.c.) in nitrobenzene (50 c.c.). Yellow needles were deposited (0-26 g.) 
having no m. p. below 360°: they were insoluble in alkali and dissolved in sulphuric acid to a 
yellow solution with green fluorescence (the original amide gives a deep red solution). The 
compound was very sparingly soluble in organic solvents (e.g., 0-25 g. dissolved in 160 c.c. of 
boiling nitrobenzene) and contained nitrogen but no halogen. Analysis of the product twice 
recrystallised from nitrobenzene gave figures, especially the critical hydrogen values, in agree- 
ment with the lactam of 3’-aminomesobenzanthrone-8-carboxylic acid (Found*: C, 78-8; H, 
3:3; N, 5-3. C,,H,O,N requires C, 79-7; H, 3-3; N, 5-2%). Under the above treatment the 
free acid yields the corresponding lactone of the hydroxy-acid. 

3’ : 8-Ketomesobenzanthrone.—Chlorination. The ketone (0-5 g., prepared according to 
Bigelow and Rule, J., 1935, 573) was dissolved in warm sulphuric acid (5 c.c.), and a fine sus- 
pension formed by addition of water (25 c.c.). This was treated at the b. p. for 3 hours with a 
slow stream of chlorine. Filtration, followed by two crystallisations from acetic acid or chloro- 
benzene, gave red needles of 1’-chlovo-3' : 8-ketomesobenzanthrone, m. p. 335—336° (sintering 
at 245°). Yield, 0-36 g. (67%) (Found: Cl, 12-2. C,,H,O,Cl requires Cl, 12-3%). This 
product was identical with that obtained by cyclising the 1’-chloromesobenzanthrone-8-carboxylic 
acid described above, the position of the chlorine atom thus being established. It dissolved 
in sulphuric acid to a reddish-purple solution. Sintering at a temperature considerably below 
the m. p. appears to be a characteristic of compounds of this type (cf. Rule and Smith, Joc. cit.). 

The same substance was also obtained by passing a slow stream of chlorine into an acetic acid 
solution of the keto-compound (0-5 g. in 25 c.c.) at 100°. An orange precipitate appeared after 
5 mins., and chlorination was stopped after 10 mins. When chlorine was passed in for 1 hour, 
the solid assumed a redder tint (yield, 0-48 g.) and melted over the range 334—339°, not appre- 
ciably altered by repeated crystallisation from nitrobenzene nor depressed by admixture with the 
1’-chloro-compound. This product appeared to be a mixture of isomeric dichloro-3' : 8-keto- 
mesobenzanthrones. It was only slightly soluble in acetic acid, but dissolved in sulphuric acid to 
give a purple solution, changing to blue on further dilution with the solvent (Found: Cl, 21-3. 
C,,H,O,Cl, requires Cl, 21-:8%). 

Bromination. This could not be effected in boiling acetic acid or in nitrobenzene solution. 
The keto-compound (1 g.), in fine suspension in dilute sulphuric acid, was treated with excess 
of bromine (1 g.), and the mixture maintained at the b. p. for 4 hours. Recrystallisation from 
acetic acid afforded bright red needles of 1’-bromo-3’ : 8-ketomesobenzanthrone, m. p. 326—327° 
(sintering at 200°) alone or mixed with the synthetic product of Rule and Smith (loc. cit.). 
The yield was almost quantitative. 

3’ : 8-Ketomesobenzanthrone (0-5 g.) was boiled at 50—60° for 2 hours with excess of bromine. 
The recovered solid after five crystallisations from nitrobenzene gave small, deep red crystals 

* Difficulty has often been encountered in obtaining good carbon analyses for benzanthrone deriv- 
atives, although hydrogen and nitrogen are readily determined with accuracy. The tendency is for 
carbon to be found low. 
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(0-40 g., 48%) of pure 1’ : 6-dibromo-3’ : 8-ketomesobenzanthrone, m. p. 298—299° alone or 
admixed with the synthetic compound (Rule and Smith, Joc. cit.). 

Nitration. A solution of ketomesobenzanthrone (0-5 g.) in sulphuric acid (15 c.c.) was cooled, 
and 0-14 c.c. (1 mol.) of concentrated nitric acid (d 1-42) added with stirring. The purple 
solution rapidly changed to deep orange and after 15 mins. was poured into water (100 c.c.). 
The resulting solid, after three crystallisations from nitrobenzene, gave greenish-yellow needles 
of pure 1’-nitro-3’ : 8-ketomesobenzanthrone (0-16 g., 27%), m. p. 284—285° alone or admixed 
with a synthetic specimen. 

When nitrated with excess of boiling nitric acid, the original keto-compound afforded an 
inseparable mixture, which dissolved in alkali only on boiling, to form a purple solution without 
fluorescence. This possibly consisted of a mixture of nitro-derivatives of the lactones of 
3’-hydroxy-8-carboxy- and of 8-hydroxy-3’-carboxy-mesobenzanthrones. 

An attempt to effect the nitration of ketomesobenzanthrone in acetic acid, under con- 
ditions under which mesobenzanthrone yields the 2’-nitro-derivative, left the compound 
unchanged even after prolonged treatment: 

Oxime formation. A boiling suspension of ketomesobenzanthrone (3 g.) in alcohol (500 c.c.) 
was treated with hydroxylamine hydrochloride (1-62 g.) and 2n-sodium hydroxide (30 c.c.) 
was then run in slowly. Most of the ketone passed into solution, the colour of which changed 
from orange to deepred. After filtration of unchanged ketone (0-8 g.), the clear liquid was acidi- 
fied, and the precipitate collected (2-5 g., m. p. 307—313°). Purification was best effected 
from boiling decalin or xylene (100 c.c./0-2 g.), subsequent addition of light petroleum yielding 
orange microcrystalline needles of mesobenzanthrone-3' : 8-ketoxime, m. p. 314°, unchanged by 
sublimation under reduced pressure (Found: C, 78-8; H, 3-5; N, 4:7. C,gH,O,N requires C, 
79-7; H, 3-3; N, 5-1%). The oxime is soluble in boiling alkali to form a deep pink solution 
with orange fluorescence. In sulphuric acid the colour is purple, as for the parent ketone. 
Attempts to crystallise the crude oxime from boiling nitrobenzene, particularly with addition 
of animal charcoal, led to partial hydrolysis and the isolation of orange brown needles of a 
compound containing equimolecular proportions of ketomesobenzanthrone and nitrobenzene, 
m. p. 322°, depressed to 299—311° by admixture with the oxime but only slightly affected by 
admixture with ketomesobenzanthrone (Found: C, 76-1; H, 3-5; N, 3-9. C,,H,O,,C,H,O,N 
requires C, 76-0; H, 3-4; N, 3-7%). Nitrobenzene was eliminated quantitatively from this 
compound on heating for 2 hours at 220°. Unsuccessful attempts were made to prepare an 
isomeric oxime. 

Ketomesobenzanthrone was converted by two methods into a related anthridone: (a) 
The oxime (0-5 g.) was dissolved in anisole (150 c.c.) and treated for 5 hours at 75° with phos- 
phorus pentachloride (0-5 g.). Removal of anisole in steam left a yellow solid, which was boiled 
out with alkali (only a trace removed) and purified from nitrobenzene, yielding 0-12 g. of a yellow 
microcrystalline powder having no m. p. below 360°. The product is assumed to be the lactam 
either of 8-aminomesobenzanthrone-3'-carboxylic acid, or of the isomeric 3’ : 8-derivative (Found : 
N, 5-0. C,,H,O,N requires N, 5-2%). Attempts to effect the change by use of benzenesulphonyl 
chloride or sulphuric acid or by fusion with zinc chloride (cf. Moore and Huntress, J]. Amer. 
Chem. Soc., 1927, 49, 2618) were unsuccessful. (b) Apparently the same compound was 
formed in much greater yield by the method of Walls (J., 1935, 1405) for the conversion of 
fluorenones into phenanthridones. A solution of 3’ : 8-ketomesobenzanthrone (0-5 g.) in sul- 
phuric acid (5 c.c.) was cooled in ice, and solution of sodium azide (0-5 g.) added drop by drop 
with stirring. A vigorous evolution of nitrogen occurred and after 30 mins. the mixture was 
poured into water and the precipitated light brown solid (0-53 g.) filtered off. After a trace 
of alkali-soluble material had been extracted with. boiling acetic acid, the yellow undissolved 
residue was crystallised from nitrobenzene. Yield, 0-38 g., with no m. p. below 360° (Found : 
C, 79-0; H, 3-4; N, 5-4. C,,H,O,N requires C, 79-7; H, 3-3; N, 5-2%). This compound gave 
the same colour reactions as that prepared from the oxime. It dissolves in sulphuric acid 
to form a red solution with orange fluorescence. With aqueous alkali the yellow colour changes 
to red and a trace of solid passes into.solution on boiling (orange to pink colour with pink 
fluorescence) ; the yellow colour is restored by washing the red salt (?) with water or by treatment 
with acid. Benzanthrone itself remains unaffected by treatment with hydrazoic acid under 
the above conditions. 

On fusion with potassium hydroxide for 1 hour at 280° the anthridone (from b) afforded a 
blue-black powder. This was extracted in succession with boiling nitrobenzene and alcohol, 
and finally with alkali solution, the last of which removed a small amount of an acidic blue- 
black product probably of phenolic type (cf. Maki, J. Soc. Chem. Ind., Japan, 1932, 35, 5798). 
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The remaining solid was assumed to be the crude dilactam of dibenzanthrone type. It was 
difficult to purify and to analyse (Found: N, 2-35. C,,H,,0,N, requires N, 5-2%). It dissolves 
in sulphuric acid to a greenish-blue solution and very sparingly in boiling nitrobenzene to a 
green solution without fluorescence. In hot alkaline hyposulphite it dissolves very sparingly 
to form a bluish-green vat, which dyes cotton a fast soft purple-grey colour." 

Synthesis of 3-Nitromesobenzanthrone.—Methyl 8-bromo-3-nitro-l-naphthoate (20 g.) and 
methyl o-iodobenzoate (40 g.) were heated with stirring at 160°, and copper-bronze (25 g.) 
added in portions during 1 hour. After a further 3 hours’ heating at 180°, the melt was cooled 
and extracted with acetone (200 c.c.). On removal of the solvent and addition of ether (25 c.c.) 
a light brown, crystalline precipitate slowly formed, which separated from alcohol in yellow 
needles, m. p. 141—142° (9-4 g., 40%). The pure methyl 3-nitro-8-(0-carbomethoxyphenyl)-1- 
naphthoate melts at 143° (Found: C, 65-6; H, 4-0; N, 3-7. Cy 9H,,0,N requires C, 65-8; H, 
4-1; N, 38%). A preliminary attempt to cyclise this ester to the benzanthrone by heating 
for 1 hour at 100° with sulphuric acid gave a high-melting solid which was insoluble in the 
usual solvents. On prolonged boiling with dilute alkali solution it was converted into 3-nitro- 
mesobenzanthrone-8-carboxylic acid, and thus appears to be the anhydride of this acid. The 
free acid was formed in better yield when the ester (2 g.) was treated with sulphuric acid for 
30 mins. at 80°. Yield, 1-72 g. (98%); m. p. 298—301° (decomp.). Recrystallisation from 
nitrobenzene afforded yellow needles of the pure nitro-acid, m. p. 309° (decomp.) (Found : 
N, 4:0. C,,H,O;N requires N, 44%). The compound dissolves in alkalis to give yellow 
non-fluorescent solutions and in sulphuric acid to form a blood-red solution also without fluores- 
cence. Admixed with the 1’-nitro-isomeride (m. p. 310° decomp.) the m. p. is depressed to 
288—291°. 

By use of boiling quinoline and copper-bronze the acid was decarboxylated to 3-nitromeso- 
benzanthrone, which formed fine brown needles, m. p. 287°, from acetic acid; yield, 40% 
(Found: C, 73-8; H, 3-2; N, 5-3. C,,;H,O;N requires C, 74:2; H, 3-3; N, 5-1%). It is 
soluble in sulphuric acid to a red non-fluorescent solution and is not appreciably attacked by 
alkaline hyposulphite. Treatment with phosphoric oxide in phthalic anhydride converted the 
free acid largely into the same insoluble high-melting compound (assumed to be the anhydride) 
as was encountered in the cyclisation of the phenyl-naphthyl derivative into the benzanthrone 
by use of sulphuric acid. This reduced the yield of 3-nitro-3’ : 8-ketomesobenzanthrone to 13%. 
The compound crystallised from nitrobenzene in fine orange needles, m. p. 319—320° (Found : 
N, 4:3. C,,H,O,N requires N, 46%). 
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343. Reactivity of the Methylene Group in Derivatives of 
Phenylacetic Acid. 


By G. D. Parkes and B. C. ALDIs. 


Investigation of the effect of the number and positions of nitro-groups in 
derivatives of diphenylmethane upon the reactivity of the methylene group (Parkes 
and Morley, J., 1936, 1478) has now been followed by examination of a number of 
derivatives of phenylacetic acid and related substances. Nitrous acid is without 
action upon the methylene group even when two nitro-groups are present in the 
nucleus, but solutions of diazonium salts react readily. No action occurs with either 
reagent when a single nitro-group is present; the presence of a nitro- and an amino- 
group together causes the methylene group to be reactive to a slight extent towards 
nitrous acid; but diazonium salts attack only the amino-group. Similar results were 
observed with the corresponding derivatives of oxindole. 


TuHE behaviour of methyl 2: 4-dinitrophenylacetate towards benzenediazonium chloride 
was first described by V. and A. Meyer (Ber., 1888, 21, 1307; 1889, 22, 320), who found 
that coupling occurred in a manner analogous to the action with acetoacetic ester (Ber., 
1877, 10, 2075). They also observed that there was no action with methyl 2-nitro- or 
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4-nitro-phenylacetate. These observations have now been extended and a series of such 
coupled compounds prepared, and the action of bromine upon them has been studied. 

Bromination of methyl benzeneazo-2 : 4-dinitrophenylacetate yielded «-bromo-2 : 4- 
dinitrobenzaldehyde-p-bromophenylhydrazone. Presumably methyl #-bromobenzeneazo- 
2 : 4-dinitrophenylacetate was first formed, but it could not be isolated. 

The action of diazonium salt solutions upon 2 : 4-dinitrophenylacetic acid itself yielded 
brilliant scarlet formazyl compounds analogous to those obtained by v. Pechmann (Ber., 
1892, 25, 3175) and by Bamberger and Wheelwright (tbid., p. 3201). 

Boiling hydrochloric acid was without effect on the formazyl compounds derived from 
2: 4-dinitrophenylacetic acid, but this was probably due to their insolubility in hydro- 
chloric acid : when the substances were rendered soluble by reduction of the nitro-groups 
to amino-groups, boiling with hydrochloric acid caused the formation of benztriazines, 
the formazyl structure of the compounds thus being confirmed (cf. Bamberger and 
Wheelwright, Joc. cit.) : 


N-NHPh oe » 
CoH NH CE ati CoHNH CC + PhNH, 


Reduction of 2: 4-dinitrophenylacetic acid by ammonium sulphide yields a nitro- 
amino-derivative which Gabriel and Meyer (Ber., 1881, 14, 824) suggested was the 
2-nitro-4-amino-compound on the ground that, if the nitro-group in the 2-position had been 
reduced, ring closure would have taken place with the formation of 6-nitro-oxindole. 
This structure has now been confirmed by oxidation of the nitroaminophenylacetic acid 
to 2-nitro-4-aminobenzoic acid, and also by the isolation (inter alia) of 2-nitro-p-toluidine 
from the products of the decomposition of the nitroaminophenylacetic acid by heat. 

Gabriel and Meyer (loc. cit.) also investigated the action of nitrous acid on hot solutions 
of 2-nitro-4-aminophenylacetic acid and isolated various isonitroso-compounds. The action 
in the cold has now been investigated, and as diazotisation was expected to occur, cuprous 
chloride was added to replace the diazonium group by chlorine: 4-chloro-2-nitrobenz- 
aldehyde and 4-chloro-2-nitrophenylacetic acid resulted. Even in the cold, therefore, the 
methylene group in this compound is attacked by nitrous acid. 

The action of bromine on 2-nitro-4-aminophenylacetic acid yielded a mixture of mono- 
and di-bromo-derivatives, the separation of which proved difficult owing to their close 
resemblance in properties. The monobromo-derivative was shown to be 5-bromo-2- 
nitro-4-aminophenylacetic acid by oxidation of its acetyl compound to the corresponding 
benzoic acid, and it is therefore concluded that the dibromo-derivative has the bromine 
atoms in the 5- and 3-positions. 

Gabriel and Meyer (loc. cit.), by reduction of 2 : 4-dinitrophenylacetic acid with tin 
and hydrochloric acid, obtained 6-amino-oxindole, and by diazotisation in alcohol with amy] 
nitrite isolated the corresponding isonitroso-diazonium salt. In the present work it was 
hoped to confine the attack to the amino-group by using nitrous acid in the cold. The 
diazo-group was replaced by chlorine as before, and a mixture resulted from which 
6-chloroisonitroso-oxindole was isolated. A considerable quantity of 6-chloro-oxindole was 
also formed, but could not be isolated pure. 

Nitrous acid was found not to attack the methylene group in 6-acetamido-oxindole, 
and the same negative result was obtained also with 2-nitro-4-acetamidophenylacetic 
acid, showing that the methylene group is only reactive to nitrous acid when the amino- 
group is free to react also with the nitrous acid. Similarly the methylene group in 
6-acetamido-oxindole was found not to couple with diazonium salts. 

The action of stannous chloride on 2 : 4-dinitrophenylacetic acid always gave a mixture 
of about 75% of unchanged acid and 25% of 6-nitro-oxindole, although widely varying 
conditions were used. Separation of this mixture proved impracticable. 

Borsche and Meyer have already shown that the methylene group in 6-nitro-oxindole 
is reactive to nitrous acid (Ber., 1921, 54, 2844), so the coupling with diazonium salts was 
attempted, and 6-nttro-3-p-bromobenzeneazo-oxindole was readily isolated, 
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The results of investigations on methylene group reactivity are summarised in the 


following table. 
Reagent. 


Substance. Nitrous acid. Diazonium salts. Aldehydes. 
2 : 4-Dinitrophenylacetic acid No action Formazyl compounds Couple * 
Methyl 2 : 4-dinitrophenylacetate ... No action Couple 
2-Nitro-4-aminophenylacetic.acid ... Partial attack Attack NH, group 
2-Nitro-4-acetamidophenylacetic acid No action 
4-Chloro-2-nitrophenylacetic acid ... No action No action 
Oxindole Attacked 2 Couple * Couple ¢ 
6-Nitro-oxindole Attacked 5 Couple 
6-Amino-oxindole Partial attack Attack NH, group Couple,* alk. on NHg, 
acid on CH, 





6-Acetamido-oxindole No action No action 
2 : 4-Dinitrotoluene No action No action 


1 Pschorr, Ber., 1896, 29, 496. 2 Baeyer and Knop, Amnalen, 1866, 140, 34. 3 Roux and 
Martinet, Rev. Gén. Matiéres Colorantes, 1923, 28, 152. 4 Hansen, Ann. Chim., 1924, 1, 94. 
5 Borsche and Meyer, Ber., 1921, 54, 2844. ¢ N. Kishi, J]. Pharm. Soc., Japan, 1927, 96, 677. 


EXPERIMENTAL. 


2: 4-Dinitrophenylacetic acid was prepared by Gabriel and Meyer’s method (loc. cit.), but 
since it was found to decompose very readily in presence of alkali (even boiling with sodium 
acetate solution giving a quantitative yield of 2: 4-dinitrotoluene in a short time), it was 
recrystallised from hot water made slightly acid with sulphuric acid. The benzyl ester separated 
from alcohol in long, pale yellow needles, m. p. 98° (Found: N, 9-2. C,,H,,0,N, requires 
N, 9-0%). 

Methyl p-Chlorobenzeneazo-2 : 4-dinitrophenylacetate—A mixture of 12 g. of methyl 
2 : 4-dinitrophenylacetate, 300 c.c. of alcohol, and 100 g. of sodium acetate was cooled in ice, 
and the diazonium solution obtained from 6-3 g. of p-chloroaniline, dissolved in 40 c.c. of dilute 
hydrochloric acid, added. After 7 hours, the product was collected and recrystallised from 
alcohol, forming orange needles, m. p. 155° (Found : Cl, 9-3. C,,H,,0,N,Cl requires Cl, 9°3%). 
The following were obtained similarly and crystallised from alcohol : methyl p-bromobenzeneazo- 
2 : 4-dinitrophenylacetate, golden-yellow silky plates, m. p. 182° (Found: Br, 18-9. C,sH,,O,N,Br 
requires Br, 18-99%); methyl 2’ : 4’-dichlorobenzeneazo-2 : 4-dinitrophenylacetate, golden-yellow 
plates, m. p. 181° (Found: Cl, 17-55. C,;H,O,N,Cl, requires Cl, 17-2%); methyl 2’: 4’- 
dibromobenzeneazo-2 : 4-dinitrophenylacetate, golden-yellow plates, m. p. 199° (Found: Br, 
30-0. C,;H,,O,N,Br, requires Br, 31-8%). 

w-Bromo-2 : 4-dinitrobenzaldehyde-p-bromophenylhydrazone.—5 G. of methyl benzeneazo- 
2 : 4-dinitrophenylacetate were dissolved in 20 c.c. of boiling acetic acid, and 1 g. of sodium 
acetate added, followed by a solution of 4-8 g. of bromine in 20 c.c. of acetic acid. The mixture 
was poured into water, and the yellow solid recrystallised from acetic acid. It formed bright 
yellow plates, m. p. 176°, and was identified by comparison with an authentic specimen prepared 
by brominating 2 : 4-dinitrobenzaldehydephenylhydrazone (Chattaway and Adamson, J., 1931, 
2792). 

Formazyl-2 : 4-dinitrobenzene—20 G. of 2: 4-dinitrophenylacetic acid were mixed with 
250 g. of sodium acetate and 20 c.c. of water. To this mixture, cooled in ice, the diazonium 
chloride solution obtained from 17 g. of aniline was added. After 8 hours the solid was filtered 
off and recrystallised from acetic acid, forming crimson micro-needles, m. p. 198° (Found : 
N, 21-3. Cj 9H,,0O,N, requires N, 21-5%). 

The following were prepared similarly: pp’-Dibromoformazyl-2 : 4-dinitrobenzene, bright 
crimson plates (from ethyl acetate), m. p. 220° (Found: N, 15-4; Br, 29-7. C,,H,,0,N,Br, 
requires N, 15-3; Br, 29-2%); 2’: 2’: 4’ : 4’'-tetrachloroformazyl-2 : 4-dinitrobenzene, deep 
red, microcrystalline powder (from acetone), m. p. 206° (darkening at 150°) (Found: Cl, 28-4. 
CigHypO,N,Cl, requires Cl, 27:0%); 2’: 2’: 4’: 4'’-tetrabromoformazyl-2 : 4-dinitrobenzene, 
deep red micro-crystals (from ethyl acetate), m. p. 201° (darkening at 150°) (Found: Br, 
43-1. C,,H,,O,N,Br, requires Br, 45-0%). 

6 (or 7)-Bromo-3-2' : 4'-diaminophenyl-1 : 2 : 4-benztriazine.—15 G. of pp’-dibromoformazy]l- 
2: 4-dinitrobenzene were suspended in 150 c.c. of concentrated hydrochloric acid, and 60 g. of 
tin added. After refluxing for several hours, the solution was filtered and evaporated until 
the tin salt began to crystallise. This was recrystallised from dilute hydrochloric acid and 
decomposed with aqueous ammonia; steam-distillation then removed p-bromoaniline. The 





1844 Reactivity of the Methylene Group in Derivatives, etc. 


residue was cooled, made alkaline with aqueous ammonia, and repeatedly extracted with 
ether. The red ethereal solution on evaporation left a very small quantity of a grey powder, 
which crystallised from alcohol in almost colourless plates, m. p. 180° (darkening at 160°) 
(Found: N, 22-1; Br, 24:8. C,,;H,)N,Br requires N, 22-15; Br, 25-3%). 

2-Nitro-4-aminophenylacetic Acid.—The deep violet solution of 50 g. of 2: 4-dinitrophenyl- 
acetic acid in 400 c.c. of freshly prepared aqueous ammonium sulphide was mechanically stirred 
while hydrogen sulphide was passed in. After 1}—2 hours’ stirring, when a sample had given 
a satisfactory result, the solution was boiled for 5—6 hours, cooled, filtered, and acidified with 
hydrochloric acid. The 2-nitro-4-aminophenylacetic acid crystallised from water in orange- 
red flat needles, m. p. 185°. The reduction was very uncertain, and often yielded only a tar 
even after the sample had given a successful result. 

The acetyl compound had m. p. 205° (Found: N, 11-5. C,H,O,;N, requires N, 11-8%), 
and the benzoyl compound, m. p. 223° (Found : N, 9:15. C,,H,,0,;N, requires N, 9-3%). 

Action of Heat.—2-Nitro-4-aminophenylacetic acid (3—4 g.) was heated at 190° for a few 
minutes, and the resultant tar boiled with water. The solid that separated on cooling crystal- 
lised from water in yellow micro-crystals of 2-nitro-4-2'-nitro-4'-aminophenylacetamidophenyl- 
acetic acid, m. p. 213°, soluble in alkali solution and reprecipitated by acids (Found: N, 15-0. 
C,,.H,,0,N, requires N, 14-9%). 

When the temperature was allowed to rise to 270°, the mixture obtained, on extraction with 
boiling water, yielded this yellow powder and 2-nitro-p-toluidine. The latter was identified 
by comparison with an authentic specimen (Noelting and Collin, Ber., 1884, 17, 263). 

Oxidation.—4 G. of 2-nitro-4-acetamidophenylacetic acid, 500 c.c. of water, 8 g. of magnesium 
sulphate, and 15 g. of potassium permanganate were refluxed together for 7 hours. The nitro- 
acetamidobenzoic acid which separated on evaporation and acidification was refluxed with 
caustic potash solution, and the resulting 2-nitro-4-aminobenzoic acid recrystallised from water. 
It was identical with an authentic specimen prepared by the similar oxidation of 2-nitro-p- 
toluidine. 

Action of nitrous acid. 8 G. of 2-nitro-4-aminophenylacetic acid were ground with 80 c.c. 
of dilute hydrochloric acid, cooled in ice, and 5 g. of sodium nitrite added with stirring. This 
solution was added to ice-cold cuprous chloride solution. The mixture was submitted to steam- 
distillation. The oil in the distillate, after solidifying, crystallised from light petroleum (b. p. 
40—60°) in bunches of white needles, m. p. 65°, identified as 4-chloro-2-nitrobenzaldehyde by 
comparison with an authentic specimen (Sachs and Kempf, Ber., 1902, 35, 1234; 1903, 36, 
3300). The pale brown substance left after the steam-distillation crystallised from benzene 
in needles, m. p. 163°, identified as 4-chloro-2-nitrophenylacetic acid by the isolation of 4-chloro- 
2-nitrotoluene from the products of decomposition by heat. 

5-Bromo- and 3: 5-Dibromo-2-nitro-4-aminophenylacetic Acid.—3 G. of 2-nitro-4-amino- 
phenylacetic acid were suspended in 15 c.c. of acetic acid, a large excess of bromine in acetic 
acid added, the mixture kept at 60° for a few minutes and poured into water, and the solid 
obtained recrystallised several times from acetic acid. Analysis showed it to be a mixture of 
about 94% of the dibromo- and about 6% of the monobromo-compound. The mixture 
similarly obtained when 1 mol. of bromine was used contained about 80% of the monobromo- 
compound. Separation was effected after acetylation. The dibromo-acetyl compound was 
isolated readily and recrystallised from acetic acid, m. p. 240° (decomp.) (Found: Br, 40-8. 
C,,H,O,N,Br, requires Br, 40-4%). The moncbromo-acetyl compound could not be obtained 
quite pure. The position of the bromine atom in it was established as follows: 5-bromo-2- 
nitro-p-toluidine (Claus and Herbabny, Amnaien, 1892, 265, 367) was acetylated, and the 
product oxidised by means of potassium permanganate in presence of magnesium sulphate. 
5-Bromo-2-nitro-4-acetamidobenzoic acid, which separated on acidification, crystallised from 
water in colourless needles, m. p. 246°.. The same substance, m. p. 245°, was obtained by 
the similar oxidation of the slightly impure monobromonitroacetamidophenylacetic acid. 

6-A mino-oxindole.—This was obtained by Gabriel’s method (Joc. cit.). The acetyl derivative 
formed pinkish plates, m. p. 324° (Found: N, 14-6. Cj, 9H,.O,N, requires N, 14-7%), and the 
benzoyl derivative white micro-needles, m. p. 273° (Found: N, 11-0. C,,H,,0O,N, requires 
N, 11-1%), both from acetic acid. 

6-Chloroisonitroso-oxindole—A solution of 5 g. of 6-amino-oxindole in 100 c.c. of alcohol 
and 50 c.c. of dilute hydrochloric acid was diazotised with 10 g. of amyl nitrite. The brown 
precipitate formed exploded on heating (compare Gabriel, Joc. cit.). 2G. of this substance were 
mixed with 30 c.c. of dilute hydrochloric acid cooled in ice, and added to cold cuprous chloride 
solution. After boiling, a brown precipitate was formed, which was suspended in water, aerated 
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to oxidise any cuprous chloride, and washed with hydrochloric acid and water. The 6-chloro- 
isonitroso-oxindole separated from dilute acetic acid as a red-brown powder, m. p. 240° (Found : 
Cl, 17-9. C,H,;O,N,Cl requires Cl,,18-0%). 

6-Nitro-3-p-bromobenzeneazo-oxindole.—2-5 G. of 6-nitro-oxindole (Marschalk, Ber., 1912, 
45, 282) were mixed with 100 g. of sodium acetate and 20 c.c. of water and cooled in ice while 
the diazonium chloride solution obtained from 5 g. of p-bromoaniline was added. After 7 
hours the yellow solid was filtered off; it separated from acetic anhydride as an orange powder, 
m. p. 281° (decomp.) (Found: Br, 21-6. C,,H,O,;N,Br requires Br, 22-1%). 


The authors thank Mr. W. G. Alway for help with the experimental work. 


Dyson PERRINS LABORATORY, UNIVERSITY OF OXFORD. [Received, September 22nd, 1938.] 





344. Catalytic Properties of the Phthalocyanines. Part IV. 
Chemiluminescent Reactions. 


By A. H. Cook. 


The ability of iron pigments of the phthalocyanine type in common with hemin 
to catalyse the chemiluminescent oxidation of luminol is recorded. The oxidation of 
fluorescent phthalocyanines of metals of Group II and also of chlorophyll by organic 
peroxides at elevated temperatures is usually accompanied by emission of red light. 


TAMAMUSHI (Naturwiss., 1937, 20, 318), following Gleu and Pfannstiel (J. pr. Chem., 
1936, 146, 137; cf. Albrecht, Z. physikal. Chem., 1928, 136, A, 321), has observed that 
hemin catalyses the chemiluminescent oxidation of 5-aminophthalaz-1 : 4-dione (luminol) 
either by hydrogen peroxide or by oxygen. 

Iron pigments of the phthalocyanine type having a ring structure resembling that 
of hemin also promote the production of light by luminol under similar conditions. 
Thielert and Pfeiffer have noted (Ber., 1938, 71, 1399) the similar catalytic effect of some 
iron complex compounds, including iron phthalocyanine, in which iron is bound in the 
anion or cation or in a neutral complex. The effects have their origin in the metal atom, 
for, whilst porphyrin-like structures seem to be peculiarly suited for the chemiluminescent 
reaction in association with iron, others may in combination with iron also exhibit activity. 
Nevertheless, differences in behaviour (e.g., among iron salicylaldehyde diamine compounds) 
make it impossible to trace any connection between structure and catalytic activity. 

In experiments using hydrogen peroxide, 10 c.c. of a 0-1% solution of 5-aminophthalaz- 
1 : 4-dione in 0-1% aqueous sodium hydroxide were treated with 3 c.c. of 0-3% hydrogen 
peroxide (Merck’s perhydrol) in water, and approx. 1 mg. of finely powdered pigment 
added, any luminescence being observed in a darkened chamber. Ferrous and chloroiron 
phthalocyanines produced the strongest emission of light, although iron octaphenylpor- 
phyrazine (octaphenyltetrazaporphin) and its derivatives were all markedly active. 
Chromium phthalocyanine produced a weak emission of light and manganese, molybdenum, 
hydroxyaluminium, platinum, cerium, di-iodotin and 4-chlorocopper phthalocyanines 
catalysed the reaction so feebly that the emitted light was only just discernible. In 
all other cases (mercury, magnesium, chloroaluminium, beryllium, nickel, lead, 4-nitro- 
copper phthalocyanines, copper and magnesium naphthalocyanines, a copper thiophen 
pigment, magnesium, copper, and zinc octaphenyltetrazaporphins and their complexes 
with acids, metal-free pigments, etc.) no activity was detected. Deposits of the iron 
pigments on charcoal (1: 100) (prepared as in Part I; this vol., p. 1763) were feebly 
active; the emitted light was more readily observed when barium sulphate was the carrier. 
Deposits of other metal phthalocyanines on carbon were inactive (vanadium, nickel, copper, 
zinc). Of crystalline derivatives of iron octaphenyltetrazaporphin (these preparations 
will be described in a later communication), those with pyridine, aniline, and quinoline 
increased in activity in this order, the free pigment and a hydrochloride taking up an 
intermediate position. 

The luminescence produced by the strongest of these catalysts (iron phthalocyanine) 
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is somewhat surpassed by that of hemin. Whilst, however, the action of hemin is not 
inhibited by a moderate concentration of hydrocyanic acid, that of iron phthalocyanine 
is very considerably and that of chloroiron phthalocyanine practically completely in- 
hibited under comparable conditions. The effect of hydrocyanic acid on a deposit of 
iron phthalocyanine on barium sulphate is less pronounced than its effect on the free 
pigment, this insensitivity recalling the similar behaviour noted in Part I. 

Drew and Garwood (J., 1937, 1843; this vol., p. 791) have obtained evidence that 
the formation of a peroxide of the aminophthalazdione is probably an essential stage in 
the chemiluminescent oxidation, so the iron catalyst functions by promoting what is 
probably the further rearrangement or disruption of the peroxide. The catalytic reaction 
is to be regarded, therefore, as a special example of the general decomposition of peroxides 
‘described in Part III (this vol., p. 1774). In agreement with this view, the same pig- 
ments are catalytically active in both cases, ionised iron possessing catalytic activity to 
a minor degree only (if a solution of a ferrous or ferric salt is slowly added in place of a solid 
pigment in the above luminescent oxidations, each drop produces a momentary flash of 
light on entering the alkaline hydrazide solution, but the precipitated hydroxide is quite 
inactive). 

A stream of oxygen may be used as the oxidising agent : here again the iron pigments 
are the only ones to exhibit appreciable activity, although the emission of light is feebler 
than with hydrogen peroxide. 

In Part III the effect of pigments of the phthalocyanine class on the decomposition of 
organic peroxides was described. Normally (¢.e., at room temperature) only the iron pig- 
ments have any noticeable effect, but at considerably higher temperatures some are 
oxidised with emission of light. Pigments possessing this property are all complexes 
with metals of Group II of the periodic table which are normally markedly fluorescent in 
solution. These include beryllium, magnesium, and zinc phthalocyanine, magnesium 
a- and §-naphthalocyanines, magnesium octaphenyltetrazaporphin and thionaphthalo- 
cyanine, of which beryllium phthalocyanine gives the most brilliant luminescence. The 
only exceptions to the above generalisation which have been so far observed are magnesium 
pyridinoporphyrazine and zinc octaphenyltetrazaporphin, which, although brightly 
fluorescent, are stable to organic peroxides under quite drastic conditions. Magnesium 
octanitrophenyltetrazaporphin is, unlike the unnitrated pigment, not fluorescent and 
has not been observed to undergo chemiluminescent oxidation. On the other hand, it is 
even more remarkable that chlorophyll with a strong fluorescence is active in emitting light 
under these conditions.* A large number of phthalocyanines and related pigments contain- 
ing other metals (lithium, sodium, aluminium, calcium, vanadium, chromium, molybdenum, 
iron, cobalt, nickel, copper, manganese, silver, tin, cerium, mercury, lead) were found to 
be inactive. Included among these are pigments (those of iron and to a lesser extent 
of some other metals) which are capable of catalysing the decomposition of peroxides 
at lower temperatures. Noteworthy also is the fact that addition compounds of magnesium 
octaphenyltetrazaporphin with acids (e.g., oxalic acid) are not fluorescent (unlike the parent 
pigment) and are surprisingly stable towards organic peroxides, no chemiluminescent 
oxidation being observed in these instances. Deposits of the active pigments on charcoal 
were also active, but this was possibly due in part to elution of the pigment by the boiling 
solvent. Helberger (Naturwiss., 1938, 26, 316) has also noticed the emission of light by 
boiling tetralin containing peroxide in presence of magnesium phthalocyanine or tetra- 
benzporphin, or zinc phthalocyanine. 

The luminescence, which is remarkable for its glowing red colour (in most low-temper- 
ature chemiluminescent oxidations the light emitted is blue-green), is best observed in 
relatively high-boiling hydrocarbons, which form or contain preformed peroxides, by heat- 
ing to boiling in presence of a minute amount of the active pigment. As the boiling 
point is approached, the liquid glows with a bright crimson colour clearly visible in day- 


* Since the above was written, Rothemund has recorded (J. Amer. Chem. Soc., 1938, 60, 2005) the 
emission of light when solutions of chlorphyll or magnesium or zinc salts of porphins in tetralin, xylene, 
p-cymene or bromocyclohexane are heated. 
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light ; the luminescence persists for 30 secs. or more, the time depending upon the amounts 
of pigment and peroxide originally present. Particularly suitable are pinene, tetralin, and 
octalin, the brilliance paralleling the peroxide content as judged by the relative evolution 
of heat on decomposition with iron phthalocyanine (Part III). The effect is still more 
pronounced with a prepared solution of tetralin peroxide in tetralin. 

In all cases where luminescence is observed oxidation of pigment also takes place, but 
oxidation, even in those cases where the pigment is known to be potentially active, is not 
inevitably accompanied by emission of light and indeed the chemiluminescence is cer- 
tainly dependent on other factors (e.g., solvent and temperature) to a large and possibly 
preponderating extent. Thus a temperature of 150—180° appears to be necessary even 
under otherwise favourable conditions; for example, the effect is completely lacking in 
cyclohexene containing peroxide at its boiling point, is somewhat dull in pinene (b. p. 
156°), but brilliant in tetralin (b. p. 208°) and A?-octalin. The luminescence is not quenched 
by moderate additions of aromatic amines or phenols, or by nitriles (e.g., phenylacetonitrile). 
In other solvents (paraffin, b. p. 190—200°, decalin, chloronaphthalene, aniline, anisole, 
phenylacetonitrile, etc.) no emission of light was observed even in presence of benzoyl 
peroxide, nor could chemiluminescence be induced by substances which, as shown in 
Part III, are probably oxidised through an intermediate peroxide (e.g., cholesteryl acetate). 
Nevertheless, in many such instances the pigment is oxidised. 

Work on the emission spectra of these substances and their relation to the fluorescence 
spectra is in progress. 


The author thanks Imperial Chemical Industries, Ltd., for permission to publish these 
results. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, September 8th, 1938.] 





345. The Action of Benzaldehyde on o-, m-, and p-Xylene in the 
Presence of Aluminium Chloride. 


By Harry ELiison and Donatp H. HEy. 


Previous work (J., 1935, 72) has shown that the action of benzaldehyde on toluene 
in presence of aluminium chloride gives, among other products, a mixture of 2 : 6- and 
2 : 7-dimethylanthracene, which is substantially identical with the product obtainable 
from the action of methylene dichloride on toluene in presence of aluminium chloride. 
Similar parallel experiments have now been carried out with the three xylenes. From 
m-xylene a mixture of 1: 3:5: 7- and 1:3: 6: 8-tetramethylanthracene is obtained, 
p-xylene yields 1: 4: 5: 8-tetramethylanthracene, and o-xylene gives 2: 3: 6: 7-tetra- 
methylanthracene. By using a solution of diphenyl in carbon disulphide, a mixture of 
2:6- and 2: 7-diphenylanthracene is obtained both with benzaldehyde and with 
methylene dichloride in presence of aluminium chloride. The view that the 
benzaldehyde serves only to supply the meso-carbon atoms in the anthracenoid 
structures is further substantiated. 


SCHAARSCHMIDT, HERMANN, and SZEMZ6 (Ber., 1925, 58, 1914) have shown that anthracene 
and triphenylmethane are formed by the interaction of benzaldehyde with benzene in the 
presence of aluminium chloride. In an attempt to elucidate the mechanism of the 
formation of anthracene in this reaction experiments were carried out with toluene in place 
of benzene, and also with methyl- and chloro-benzaldehydes in place of benzaldehyde 
(Hey, J., 1935, 72). The rather unexpected conclusions drawn from the results of these 
experiments were (a) that it is the hydrocarbon nuclei alone which go to form the two end 
rings in the anthracene molecule and the three rings in triphenylmethane, and (b) that the 
aromatic aldehyde supplies only the meso-carbon atoms in the anthracene molecule and the 
methane carbon atom in triphenylmethane. Further confirmation for these views was 
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provided by the fact that both furfuraldehyde and a mixture of carbon monoxide and 
hydrogen chloride could be used in the reaction in place of the aromatic aldehyde. 
Similar results had been obtained previously by Dewar and Jones (J., 1904, 85, 212), 
using nickel carbonyl, and also by Frankforter and Kokatnur (J. Amer. Chem. Soc., 1914, 
36, 1529), using trioxymethylene. 

It is now found that the action of dry carbon monoxide alone on boiling benzene in 
presence of aluminium chloride gives only a trace of triphenylmethane, whereas, if a mixture 
of carbon monoxide and hydrogen chloride is used, some anthracene is formed. When 
carbon monoxide alone is used together with the more reactive aluminium bromide in 
place ot the chloride, a small quantity of anthracene is obtained. In none of these experi- 
ments, however, is the formation of benzaldehyde perceptible, although it is known 
(Longman, J. Soc. Chem. Ind., 1916, 35, 384; Holloway and Krase, Ind. Eng. Chem., 1933, 
25, 497) that benzaldehyde is formed, especially in the presence of hydrogen chloride, if 
the pressure is increased. These results substantiate the conclusion previously drawn 
(Hey, Joc. cit.) that the production of the free aldehyde is not an essential intermediate 
stage in the formation of the anthracene molecule. This is contrary to the conclusions 
arrived at by Dewar and Jones (loc. cit.) for their reactions between nickel carbonyl and 
aromatic hydrocarbons, but the arguments used by these workers have since been proved 
invalid by Morgan and Coulson (J., 1929, 2203) on other grounds. In a recent review of 
the reactions of pure hydrocarbons in the presence of aluminium chloride (Egloff, Wilson, 
Hulla, and van Arsdell, Chem. Reviews, 1937, 20, 388) it is reported that anthracene is 
frequently found as a product of the action of aluminium chloride on benzene and that, 
since the odour of benzaldehyde is also noted, it is believed that the formation of anthracene 
results from the condensation of two molecules of benzaldehyde. This is essentially the 
viewpoint of Dewar and Jones, which, as indicated above, is not in agreement with 
experimental facts. 

With regard to the detailed mechanism of the manner in which anthracenes are formed 
in these reactions little decisive information is forthcoming. Free carbon monoxide or 
even a mixture of carbon monoxide and hydrogen chloride does not give results comparable, 
either quantitatively or qualitatively, with those obtained when benzaldehyde is used. 
The fact that the aromatic aldehyde supplies the meso-carbon atoms indicates a severance 
of the bond uniting the aldehyde group to the nucleus, as has indeed been proved in the 
experiments with substituted benzaldehydes (Hey, Joc. cit.). In this manner carbon 
monoxide in an active or nascent form or possibly formyl chloride might be the effective 
agent. 

When benzaldehyde reacts with the xylenes in presence of aluminium chloride the | 
anticipated tetramethylanthracenes are formed. In the reaction with m-xylene two | 
products are possible, namely, 1:3:5:7- and 1:3:6: 8-tetramethylanthracene, with 
p-xylene only 1 : 4: 5: 8-tetramethylanthracene can result, whereas with o-xylene there 
are four possibilities, namely, 1:2:5:6-, 1:2:6:7-, 1:2:7:8-, and 2:3:6:7- 
tetramethylanthracene. In arriving at these constitutions no cognisance is taken of the 
well-known fact that the methyl groups attached to an aromatic nucleus can undergo 
migration, possibly both intra- and inter-molecular, in the presence of aluminium chloride. 
In addition to the tetramethylanthracenes listed above, the presence, in small quantity, of 
other isomerides as well as of compounds containing both more and less than four methyl 
groups must also be anticipated (see Baddeley and Kenner, J., 1935, 303; Egloff, Wilson, 
Hulla, and van Arsdell, Joc. cit., pp. 387—389). In each of the reactions with the xylenes 
studied, the melting point of the product was raised only very slowly by repeated crystal- 
lisation and this may be regarded as an indication of the presence of isomerides and of the 
contamination of the product with other hydrocarbons of similar constitution. Further, 
in the same way that triphenylmethane is formed in the reaction between benzaldehyde and 
benzene, the formation of trixylylmethanes would be anticipated in the corresponding 
reactions with the xylenes. The viscous by-products encountered in the latter reactions 
presumably contain trixylylmethanes, but since the number of isomerides which might be 
formed is large the isolation of chemical individuals of this type is not possible. 

Several of the isomeric tetramethylanthracenes have been prepared by previous workers, 
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but there has been considerable controversy with regard to the constitutions assigned to 
individual members. Anschiitz (Annalen, 1886, 235, 173), from the action of acetylene 
tetrabromide on m-xylene in the presence of aluminium chloride, obtained a tetramethyl- 
anthracene, m. p. 280°, which on oxidation gave a quinone, m. p. 300°. A similar reaction 
with #-xylene gave a hydrocarbon, m. p. about 280°, and with o-xylene a hydrocarbon, 
m. p. above 280°, was obtained: oxidation of these two hydrocarbons gave inconsistent 
results. Anschiitz made no statement with regard to the orientation of the methyl groups 
in these products, which probably consisted largely of mixtures of isomerides. Friedel 
and Crafts (Ann. Chim. Phys., 1887, 11, 267), from the interaction of methylene dichloride 
with m-xylene in the presence of aluminium chloride, obtained a hydrocarbon, m. p. 
162—163°, regarded from its method of formation as either 1:3:5:7- or 1:3:6:8- 
tetramethylanthracene, which on oxidation gave a quinone, m. p. 206°. Dewar and Jones 
(loc. ctt.), from the reaction between nickel carbonyl and m-xylene in the presence of 
aluminium chloride, obtained, in addition to 2 : 4-dimethylbenzaldehyde, a tetramethy]l- 
anthracene, m. p. 280°, which on oxidation gave a quinone, m. p. 228—230°. Dewar and 
Jones regarded this hydrocarbon as identical with that previously prepared by Anschiitz 
(loc. cit.), and since they believed that the 2 : 4-dimethylbenzaldehyde was an essential 
intermediate product, they regarded it as 1:3:5:7-tetramethylanthracene, the sole 
isomeride which could arise directly from the condensation of two molecules of the aldehyde 
by elimination of two atoms of hydrogen and two of oxygen. They further concluded 
that the tetramethylanthracene, m. p. 162—163°, of Friedel and Crafts must therefore be 
1: 3: 6: 8-tetramethylanthracene, which is the other possible isomeride obtainable from 
m-xylene. As has been mentioned above, however, the argument of Dewar and Jones 
is invalid and the above conclusions are therefore unsound. Seer (Monatsh., 1912, 33, 33) 
synthesised 1 : 3:5: 7-tetramethylanthracene and the corresponding anthraquinone by 
unambiguous methods and found them to melt at 163—164° and 235° respectively, and the 
quinone, has been synthesised more recently by Scholl, Meyer, and Keller (Annalen, 1934, 
513, 298), who record m. p. 237°. These compounds are obviously different from those of 
the same name previously prepared by Dewar and Jones, which were therefore now regarded 
as the 1: 3:6: 8-isomerides, while it appeared that the hydrocarbon, m. p. 162—163°, 
of Friedel and Crafts was 1: 3:5: 7-tetramethylanthracene. It will be noted, however, - 
that the quinone obtained by Friedel and Crafts melted at 206°, although Dewar and Jones 
give the melting point as 235°, which is that recorded some years later by Seer for his 
authentic 1:3:5:7-tetramethylanthraquinone. Seer concluded that the products 
obtained by Friedel and Crafts were not quite pure and he further showed that, if the 
experimental conditions of Friedel and Crafts were slightly modified, a small quantity of 
a second tetramethylanthracene, m. p. 281—283°, presumably 1 : 3: 6 : 8-tetramethy]l- 
anthracene, was formed which appeared to be the same as that prepared by Dewar and 
Jones. Frankforter and Kokatnur (loc. cit.) obtained a tetramethylanthracene, m. p. 
233—235°, from the action of trioxymethylene on o-xylene in the presence of aluminium 
chloride (see also Huston and Ewing, J. Amer. Chem. Soc., 1915, 37, 2394), and another 
tetramethylanthracene, m. p. 286—287°, was formed as a by-product in a similar reaction 
on mesitylene. No definite statements were made, however, with regard to the positions 
occupied by the methyl groups in these compounds. 2:3: 6: 7-Tetramethylanthracene 
(m. p. 308° corr.; quinone, m. p. 338° corr.) has been shown to be present in coal tar from 
low-temperature distillation (Morgan and Coulson, J. Soc. Chem. Ind., 1934, 58, 71T) 
and has also been synthesised by unambiguous methods (Morgan and Coulson, J., 1931, 
2323) : the same hydrocarbon (m. p. 299°; quinone, m. p. 326°) has also been obtained 
by Barnett, Goodway, and Watson (Ber., 1933, 66, 1876) by the action of methylene di- 
chloride on o-xylene in the presence of aluminium chloride, although the formation of 
other isomerides is also theoretically possible in this reaction (compare also I.G., D.R.P. 
544,522). In addition, both 1:4:6:7- and 1:3: 6: 7-tetramethylanthraquinone have 
been prepared by Fieser and Fieser (J. Amer. Chem. Soc., 1935, 57, 1679) by synthetic 
methods. 

The present position of our knowledge of the tetramethyl-anthracenes and 
-anthraquinones of known constitution may be summarised as follows : 
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: 3:5: 7-Tetramethylanthracene, m. p. 163—164°; quinone, m. p. 235°, 237°.* 

: 3: 6: 8-Tetramethylanthracene, m. p. 281—283°, 280°; quinone, m. p. 228—230°.* 

: 3:6: 7-Tetramethylanthracene, m. p. 308° corr., 299°; quinone, m. p. 338° corr., 326°. 
: 3:6: 7-Tetramethylanthracene, m. p. —; quinone, m. p. 196°. 

: 4:6: 7-Tetramethylanthracene, m. p. —; quinone, m. p. 178°. 


* The melting points of 1:3:5:7- and 1:3: 6: 8-tetramethylanthraquinone quoted by Morgan 
and Coulson (J., 1931, 2324) as 206° and 300° are those due to Friedel and Crafts and to Anschiitz 
respectively. 


The action of benzaldehyde on m-xylene in the presence of aluminium chloride is now 
shown to give a mixture of 1 :3:5:7- and 1:3: 6: 8-tetramethylanthracene, which after 
several crystallisations melts at 163—164°. This agrees both with the melting point of the 
product obtained by Friedel and Crafts (loc. cit.) and also with that recorded by Seer 
(loc. cit.) for pure 1:3:5:'7-tetramethylanthracene. That the product now obtained 
from the benzaldehyde reaction is not pure 1 : 3: 5 : 7-tetramethylanthracene is shown by 
the fact that on oxidation a mixture of quinones, m. p. 160—162°, is obtained, which can be 
partially separated by fractional crystallisation. On the other hand, pure 1:3:5:7- 
tetramethylanthraquinone melts at 235°. The closely related reaction of methylene 
dichloride and m-xylene in the presence of aluminium chloride has been carried out by 
Friedel and Crafts (loc. cit.), who obtained a product, m. p. 162—163°. A repetition of this 
reaction gave a product indistinguishable from that obtained above from m-xylene and 
benzaldehyde and further, the quinones obtained on oxidation of the two products were 
also identical. It seems therefore that, as indicated by Seer (loc. cit.), the product obtained 
by Friedel and Crafts was also a mixture of 1:3:5:7- and 1:3: 6: 8-tetramethyl- 
anthracene. The claims made by Friedel and Crafts and by Dewar and Jones (loc. cit.) 
to have obtained a quinone, m. p. 206° and m. p. 235° respectively, from the oxidation oi 
the product obtained by them in the methylene dichloride reaction must be interpreted as 
the result of continued recrystallisation of the oxidation product, which would effect some 
separation leading to the preferential isolation of one or other of the constituent isomeric 
tetramethylanthraquinones in varying degrees of purity. The concomitant formation 
of 1:3:5:7- and 1:3: 6: 8-tetramethylanthracene in these reactions is an exact parallel 
to the production together of 2: 6- and 2: 7-dimethylanthracene in the corresponding 
reactions with toluene (Hey, /oc. cit.), a mixture which was shown by Lavaux (Aun. Chim. 
Phys., 1910, 20,433; 21, 131) to behave as a chemical entity with a sharp melting point. 

The action of benzaldehyde on -xylene in the presence of aluminium chloride gave a 
compound, m. p. 270° (corr.), which must be 1: 4: 5: 8-tetramethylanthracene, the sole 
isomeride which can arise directly from -xylene, provided always that the migration of 
one or more of the four a-methyl groups has not taken place. Oxidation with chromic 
anhydride gave 1:4:5: 8-tetramethylanthraquinone, m. p. 258—260°. In the corre- 
sponding reaction between methylene dichloride and #-xylene a hydrocarbon resulted 
identical with the above 1 : 4 : 5 : 8-tetramethylanthracene and the identity was confirmed 
by the preparation of the quinone. A second tetramethylanthraquinone, obtained on 
oxidation of the residues from a mother-liquor, melted at 223—226°. This probably 
resulted from the migration of one or more methyl groups under the influence of aluminium 
chloride in the original condensation. 

The action of benzaldehyde on o-xylene in the presence of aluminium chloride gave rise 
to a tetramethylanthracene which, after several crystallisations, melted at 304° (corr.) 
and may be regarded as 2 : 3: 6 : 7-tetramethylanthracene, identical with that previously 
prepared by Barnett, Goodway, and Watson (loc. cit.) from methylene dichloride and 
o-xylene, and also with that synthesised by Morgan and Coulson (J., 1931, 2323). As 
indicated previously, it is possible for other isomerides to be formed in the reaction with 
o-xylene, although, on theoretical grounds and by analogy with the corresponding reactions 
with toluene, which give rise to anthracenes in which the methyl groups occupy only the 
8-positions, it seems very likely that the formation of 2 : 3 : 6 : 7-tetramethylanthracene 
will predominate. In this connection it may be recalled that Morgan and Coulson (J. Soc. 
Chem. Ind., 1934, 58, 71T) found that the anthracenoid hydrocarbons so far identified in 
low-temperature tar contain their alkyl groups exclusively in the 6-positions. 

An attempt was made to see if the reaction with benzaldehyde could be applied to a 
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solid hydrocarbon dissolved in a suitable inert solvent. For this purpose the action of 
benzaldehyde on diphenyl in carbon’ disulphide solution in the presence of aluminium 
chloride was studied. Although reaction was incomplete, a product was obtained, probably 
consisting of a mixture of 2 : 6- and 2: 7-diphenylanthracene, m. p. 312° (corr.), which on 


‘ oxidation with chromic anhydride gave the corresponding anthraquinones, m. p. 194—-196°. 


The same product resulted from the action of methylene dichloride on a solution of diphenyl 
in carbon disulphide in the presence of aluminium chloride. 


EXPERIMENTAL. 


Action of Carbon Monoxide on Benzene in Presence of Aluminium Chloride.—(a) In absence 
of hydrogen chloride. Dry carbon monoxide was passed for 6 hours into boiling dry benzene 
(150 c.c.) in presence of powdered aluminium chloride (75 g.) contained in a flask fitted with a 
mechanical stirrer and a reflux condenser to which was attached a calcium chloride guard-tube. 
After standing overnight, the mixture was poured on ice and distilled with steam. The benzene 
layer in the steam distillate yielded only a small quantity of a brown oil (2 g.), which smelled 
strongly of triphenylmethane but from which no crystalline material could be obtained. The 
brown non-steam-volatile residue was extracted with hot alcohol. Concentration of this extract 
deposited a small quantity of crude triphenylmethane, m. p. 90—91° after recrystallisation. 

(b) In presence of hydrogen chloride. The procedure was as described under (a), but in place 
of carbon monoxide a mixture of carbon monoxide and hydrogen chloride was used in the 
approximate proportion of 1:2. After removal of benzene by steam-distillation the viscous 
oily residue was extracted with hot alcohol. Distillation of this extract gave a brown viscous 
oil (6 g.), b. p. 330—370°, which was oxidised in boiling acetic acid solution with chromic 
anhydride (9 g.) in 90% acetic acid; the anthraquinone obtained (4 g.) had, after two recrystal- 
lisations from alcohol, m. p. 273°, alone and when mixed with an authentic specimen. 

Action of Carbon Monoxide on Benzene in Presence of Aluminium Bromide.—This experiment 
was carried out as described above, but aluminium bromide was used in place of the chloride. 
Distillation of the dried benzene layer in the steam-distillate gave a high-boiling residue (3 g.; 
b. p. 200—260°), which, on cooling, deposited anthracene (0-2 g.), m. p. 215° after purification 
by sublimation. The alcoholic extract of the non-steam-volatile residue deposited a brown 
solid (3 g.) when cold, which yielded anthraquinone, m. p. 273—274°, on oxidation with chromic 
anhydride as described above. 

Action of Benzaldehyde on m-Xylene in Presence of Aluminium Chloride.—Benzaldehyde (50 
c.c.), freshly distilled in an atmosphere of nitrogen, was dropped slowly into a stirred mixture 
of m-xylene (200 c.c.) and powdered aluminium chloride (150 g.). The flask (reflux condenser 
and calcium chloride guard-tube) was immersed in a water-bath, which served for cooling 
purposes during the initial stages of the reaction and subsequently to maintain the reaction 
mixture at 60° for 6 hours. This form of apparatus. was used in all the subsequent experiments. 
The reaction mixture became dark in colour and hydrogen chloride was evolved. The product 
was poured on ice and distilled with steam. The m-xylene layer in the steam-distillate 
contained very little benzaldehyde. The non-volatile residue, which solidified on cooling, was 
extracted first with hot alcohol and then with benzene. The alcoholic extract was boiled with 
charcoal and filtered, and, on cooling, a crop of brown crystals (35 g.; m. p. 125—155°) separated. 
After several crystallisations from alcohol the m. p. of the product, which consisted of a mixture 
of 1:3:5:7- and 1:3: 6: 8-tetramethylanthracene, was raised slowly to a constant value 
at 163—164° (pale yellow plates) (Found: C, 92-4; H, 7-5. Calc. for C,,H,,: C, 92-3; H, 
77%). In a subsequent experiment it was found that the number of crystallisations could be 
reduced considerably if the product was sublimed at 10-* mm. prior to crystallisation. Further 
quantities of this mixture of hydrocarbons were obtained from the mother-liquors and finally 
a small quantity of another hydrocarbon, m. p. 233—235°, was isolated, which was probably a 
trimethylanthracene (Found: C, 92-8, 93-1; H, 7-2, 6-9. C,,H 4, requires C, 92-7; H, 7-3%). 
The benzene extract was decanted from some tarry matter and, after removal of solvent by 
distillation, the residue was collected at 250—300°/20 mm. Several crystallisations from alcohol 
of the solid distillate gave a mixture of tetramethylanthracenes, m. p. 159—164°, substantially 
identical with that obtained from the alcoholic extract. Complete removal of solvent from the 
final mother-liquors left a viscous oil probably consisting of a mixture of trixylylmethanes. 

Oxidation (cf. Morgan and Coulson, J. Soc. Chem. Ind., 1934, 58, 71T). The mixture of the 
two hydrocarbons (0-5 g.) in boiling glacial acetic acid (15 c.c.) was oxidised by the gradual 
addition of a concentrated solution of chromic anhydride (0-8 g.) in dilute acetic acid, After 
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4 hour the product was poured into water, and the precipitated tetramethylanthraquinones 
extracted with ether. The extract was washed successively with water, dilute sulphuric acid, 
aqueous Sodium carbonate, and again with water. Removal of the ether from the dried extract 
by distillation left a yellow solid residue of a mixture of 1: 3:5: 7- and 1:3: 6: 8-tetramethyl- 
anthraquinone, which, after two crystallisations from ethyl alcohol, was obtained in yellow 
needles, m. p. 160—162° (Found: C, 82-0; H, 6-2. Calc. for C,sH,,O,: C, 81-8; H, 6-1%). 
By further repeated crystallisation a small quantity of impure 1: 3:5: 7- or 1:3: 6: 8-tetra- 
methylanthraquinone was isolated in yellow prisms, m. p. ca. 200° (Found: C, 81-7; H, 6-3%). 

Action of Methylene Dichloride on m-Xylene in Presence of Aluminium Chloride (cf. Friedel 
and Crafts, Joc. cit.)—-Methylene dichloride (50 g.) was added during 50 minutes to a stirred 
mixture of m-xylene (173 g.) and aluminium chloride (60 g.) maintained at room temperature. 
The temperature was then slowly raised to 60°, and after 3 hours to 80° until evolution of 
hydrogen chloride had ceased. When cold, the product was poured on ice and distilled with 
steam to remove the excess of m-xylene. The non-volatile residue (55 g.) was extracted with 
hot alcohol, and the extract boiled with charcoal and filtered; a mixture of 1: 3:5: 7- and 
1: 3:6: 8-tetramethylanthracene separated, m. p. 162—163° after further crystallisations 
(Found: C, 92-2; H, 7-8. Calc. for C,,H,,: C, 92-3; H, 7-7%), which was indistinguish- 
able from the corresponding product obtained from the reaction between benzaldehyde and 
m-xylene. Oxidation with chromic anhydride, as described above, again gave a mixture of 
1:3:5:7- and 1:3: 6: 8-tetramethylanthraquinone, m. p. 160—163° after crystallisation 
from ethyl alcohol (Found: C, 81-7; H, 6-0. Calc. for C,,H,,O,: C, 81-8; H, 6-1%). As 
before, on further crystallisation a partial separation could be effected, giving a tetramethyl- 
anthraquinone, m. p. ca. 200°. 

Action of Benzaldehyde on p-Xylene in Presence of Aluminium Chloride.—The method and 
quantities used were the same as in the corresponding reaction with m-xylene described above, 
but the reaction was rather less vigorous. No unchanged benzaldehyde was detected in the 
steam-distillate. The hot alcoholic extract of the non-steam-volatile residue yielded 1 : 4: 5: 8- 
tetramethylanthracene, which, after several crystallisations from ethyl alcohol and finally from 
benzene-light petroleum (b. p. 80—100°), was obtained in fine needles, m. p. 270° (corr.) 
(Found: C, 92-4; H, 7-6. C,,H,, requires C, 92-3; H, 7-7%). Concentration of the alcoholic 
mother-liquors ultimately yielded a viscous non-crystallisable oil, probably consisting of trixyly]- 
methanes. Oxidation of the tetramethylanthracene with chromic anhydride in the manner 
previously described gave 1: 4: 5: 8-tetramethylanthraquinone, which, after repeated crystal- 
lisation from ethyl alcohol, was obtained in yellow needles, m. p. 258—260° (Found: C, 81-4; 
H, 5°6. C,,H,,O, requires C, 81-8; H, 6-1%). 

Action of Methylene Dichloride on p-Xylene in Presence of Aluminium Chloride.—This reaction 
was carried out as described above for the corresponding reaction with m-xylene. The non- 
steam-volatile residue was extracted, first with hot alcohol and then with benzene, and the 
extracts boiled with charcoal and filtered. The sticky solid deposited from the alcoholic extract 
on cooling was purified, either by distillation, or by repeated crystallisation from ethyl alcohol, 
and yielded 1: 4: 5: 8-tetramethylanthracene, m. p. 260—265°. The benzene extract, worked 
up in similar manner, also yielded 1: 4: 5: 8-tetramethylanthracene, which separated from 
benzene-light petroleum (b. p. 80—100°) in pale yellow needles, m. p. 260—265° (Found: C, 
92-6; H, 7-2. Calc. for C,gH,,: C, 92-3; H, 7-7%). Oxidation of the hydrocarbon, in the 
manner previously described, gave 1 : 4: 5: 8-tetramethylanthraquinone in fine yellow needles, 
m. p. 256—258° after several crystallisations from ethyl alcohol (Found: C, 81-4; H, 61. 
Calc. for C,,H,,O,: C, 81-8; H, 61%). Both the hydrocarbon and the quinone were 
indistinguishable, apart from showing a slightly lower m. p., from the corresponding products 
resulting from the reaction between benzaldehyde and ~-xylene. In both reactions the m. p. 
of the hydrocarbon was raised only slowly by repeated crystallisation. This is probably due to 
contamination of the product with isomeric hydrocarbons in which one or more of the methyl 
groups have migrated, u&der the influence of aluminium chloride, to a 8-position. Further 
support for this view wag revealed by the fact that from the oxidation of a crude hydrocarbon 
obtained from the motjMgr-liquors a second tetramethylanthraquinone, m. p. 223—226°, was 
isolated (Found : C, 81-Q#BH, 6-1. C,,H,,O, requires C, 81-8; H, 6-1%). 

Action of Benzaldehyg@@on o-Xylene in Presence of Aluminium Chloride.—This reaction was 
carried out exactly as @scribed for the corresponding reaction with m-xylene. The non- 
steam-volatile residue g.) was dissolved in benzene, dried, and distilled at 5 mm. The 
yellow solid distillate vg crystallised several times from benzene and yielded 2: 3:6: 7- 
tetramethylanthracene g@#faintly yellow needles, m. p. 304° (corr.) (Found: C, 92-3; H, 8-0. 
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Calc. for C,,H,,: C, 92-3; H, 7°7%). The hydrocarbon was almost insoluble in alcohol and 
is probably identical with that obtained by Barnett, Goodway, and Watson (loc. cit.) by the 
action of methylene dichloride on o-xylene in presence of aluminium chloride (see also Morgan 
and Coulson, J., 1931, 2323). Concentration of the mother-liquors again gave a viscous non- 
crystallisable residue of trixylylmethanes. 

Action of Benzaldehyde on Diphenyl in Carbon Disulphide Solution in Presence of Aluminium 
Chloride.—Benzaldehyde (33 c.c.) was added gradually to a stirred solution of diphenyl (45 g.) 
in dry carbon disulphide (200 c.c.) at 30° to which finely powdered aluminium chloride (100 g.) 
had been added. Stirring was continued at 35° for 5 hours and finally at 40° for 1 hour. 
Hydrogen chloride was evolved slowly throughout. After standing overnight, the product 
was poured on ice and distilled with steam, which removed the carbon disulphide together 
with some benzaldehyde and diphenyl. The residual brown oil (25 g.) solidified and on 
sublimation in a vacuum a yellow solid product, regarded as a mixture of 2: 6- and 2: 7- 
diphenylanthracene, was obtained which, after crystallisation from benzene-light petroleum 
(b. p. 80—100°), melted at 312° (corr.) (Found: C, 94-3; H, 5-7. C,gH,, requires C, 94-55; 
H, 5-45%). On oxidation with chromic anhydride, in the manner previously described, a 
mixture of 2 : 6- and 2: 7-diphenylanthraquinones was obtained, m. p. 194—196° after crystal- 
lisation from aicohol (Found: C, 86-8; H, 4-4. C,,H,,O, requires C, 86-7; H, 44%). 

Action of Methylene Dichloride on Diphenyl in Carbon Disulphide Solution in Presence of 
Aluminium Chloride.—Methylene dichloride (30 g.) was added slowly to a stirred solution of 
diphenyl (45 g.) in dry carbon disulphide (200 c.c.) at 25° to which aluminium chloride (100 g.) 
had been added. The reaction was more vigorous than the corresponding reaction with 
benzaldehyde and the temperature was maintained at 25° for 4 hours and then raised to 45° 
for 2 hours. The product was isolated as described above for the benzaldehyde reaction. To 
a hot solution of the non-steam-volatile residue (50 g.) in benzene, light petroleum (b. p. 80— 
100°) was added in small portions. After the first addition some tarry matter was precipitated, 
which was removed by decantation. Subsequent additions of light petroleum precipitated suc- 
cessive crops of a yellow solid, which was further purified by sublimation at 160—180°/10-* mm. 
After recrystallisation from benzene the product had m. p. 310° (corr.), not depressed 
by the product obtained from the corresponding reaction with benzaldehyde. The identity 
of the products was confirmed by a mixed m. p. of the quinones obtained on oxidation with 
chromic anhydride. 


Tue University, MANCHESTER. [Received, June 9th, 1938.] 





346. Symmetrical Derivatives of Chrysene. Part II. Elimination of 
Methyl Groups during en in an Attempt to Prepare 
1 : 10-Dimethylchrysene. 


By W. Etwyn Jones and G. R. RAMAGE. 


In an attempt to prepare homologues of chrysene it has been found that methyl 
groups attached to the 1- and 10-positions (numbering on III) in a reduced chrysene 
ring system are eliminated during selenium dehydrogenation, and therefore resemble 
groups in angle positions. This phenomenon is possibly related to R. D. Haworth’s 
results in the phenanthrene series, in which a methyl group in an analogous position 
migrates to a vacant p-position. The compounds now examined are (X, R = H) and 
(X, R = Me), which were reduced by the Clemmensen method and on dehydrogenation 
gave chrysene and a small amount of a methylchrysene, m. p. 151° (possibly II). 


For the examination of the products of the selenium dehydrogenation of cis- and trans- 
dimethylhexahydrochrysenes (I) referred to in Part I (this vol., p. 397), it was soon found , 
that analytical data on the trinitrobenzene derivatives isolated would not serve 
to distinguish between monomethyl- and dimethyl-chrysenes of anticipated structures 
(II) and (III). Since the parent hydrocarbons could not be readily recovered, it was 
desirable to have available for comparison corresponding derivatives of synthetic specimens 
of these chrysene homologues. 

It was considered that the symmetrical 1 : 10-dimethylchrysene (III) would be readily 
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obtained by the method of double ring closure of the appropriately substituted 
diphenyladipic acids (J., 1933, 607). Unfortunately, an aluminium amalgam reduction 
of methyl «-methylcinnamate in ethereal solution was found to give methyl 6-phenyl-«- 
methylpropionate almost quantitatively and none of the required bimolecular products. 
An alternative lay in reducing ethyl benzylidenemalonate, since Henle (Amnalen, 1906, 
348, 29) noticed the formation of a bimolecular product and Vogel (J., 1928, 1019) separated 
this into ethyl meso- and r-fy-diphenylbutane-a«38-tetracarboxylates, a substance, m. p. 


CH, 


(L) (II.) (III.) 


88°, being then given the racemic configuration. Repeated attempts to methylate the 
crystalline ethyl ester with sodium or potassium ethoxide or sodamide in dry alcohol or 
benzene solution, and methyl iodide or methyl sulphate, failed. The tetracarboxylate 
was always recovered unchanged whatever the procedure, as shown by its m. p. and mixed 
m. p., and on one occasion the product was treated with 85% sulphuric acid, the ketone 
(V) obtained being identical with the évans-form previously described (J., 1933, 609), 
which confirms Oommen and Vogel’s view (J., 1930, 2150) that the ester, m. p. 88°, must be 
the meso-form (IV) and brings this reduction into line with the formation of the methyl 
diphenyladipates, in which the meso-form of the ester is most readily isolated in a crystalline 


condition. 
EtO,C CO,Et 
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The Reformatsky reaction between benzil and methyl «a-bromopropionate was 
investigated and two products were obtained. One, m. p. 235°, was an acid agreeing in 
properties and analysis with the formula (VI) and the second, m. p. 83°, was methyl 
8-hydroxy-8-benzoyl-B-phenyl-«-methylpropionate (VII), since it gave (VI) on dehydration 
with potassium hydrogen sulphate, followed by hydrolysis. The ease with which 
hydrolysis had occurred to give the acid is surprising, but the poor yields precluded any 
attempt at a second treatment to get the desired products. 

Finally, it was necessary to employ the general method of Rapson and Robinson (J., 
1935, 1285) and the chrysene skeleton has been built up by condensing the sodio-derivative 
of 1-keto-3-methyl-l : 2:3: 4-tetrahydronaphthalene (VIII) with propionylcyclohexene. 
The tetralone resulted from a Reformatsky reaction with ethyl bromoacetate on benzyl 
methyl ketone, giving the hydroxy-ester (IX), which was dehydrated, the product 
catalytically reduced to ethyl §-benzyl-n-butyrate, and this cyclised by 85% sulphuric acid. 
From the condensation, 2-keto-1 : 10-dimethyl-2:3:4:5:6:7:8:9:10: 1l-decahydro- 
chrysene (X, R = Me) was obtained, m. p. 104°, and the product from a Clemmensen 
reduction, which was still unsaturated but was not obtained crystalline, was submitted to 
selenium dehydrogenation. After 72 hours at 280—300°, no solid product could be isolated, 
but at 360° a semi-solid gum was obtained; this was crystallised from benzene and found 
to be chrysene, m. p. 248° (trinitrobenzene derivative, m. p. 186°). From the mother- 
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liquor, further amounts of chrysene first separated, followed by a methylchrysene, m. p. 
151°, in very small amount. The total yield of material recovered from the dehydrogen- 
ation was surprisingly low, but could be increased by subliming the hydrocarbon under 
reduced pressure from the excess of selenium. It will be seen from the experimental section 
that chrysene is the only product readily isolated, and as analytically pure dimethylketone 
(X, R = Me) was employed, it is evident that methyl groups have been eliminated, although 
not in angle positions. 


co 
CY = 
\ e 

A, 


(VIII.) 


A similar result followed when the methyl-«-tetralone was condensed with acetyl- 
cyclohexene, a mixture of ketomethylchrysenes being isolated. By fractional crystal- 
lisation a homogeneous ketone (X, R = H), m. p. 132°, was found to be the principal 
component, and a second isomer, m. p. 165°, was obtained in small amount. The former 
was reduced by the Clemmensen method, and the product heated with selenium for three 
days to give chrysene and in much smaller amount the methylchrysene, m. p. 151°, obtained 
above. It is remarkable that during the treatment of the two hydrocarbons methyl 
groups should be eliminated and the problem is to be further investigated, particularly 
since Cook (J., 1930, 1088) has shown that a-methyl groups in the anthracene series are 
often split off by pyrolysis alone. 
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In this connection the work of Haworth on the alkylphenanthrenes (J., 1934, 454) 
shows the strong tendency of a methyl group in an analogous position to undergo migration 
to the -position, ¢.g., the dehydrogenation of (XI) gave 1 : 8-dimethylphenanthrene and 
very little of the expected 1:5-compound. Further, the absence of a hydrogen atom 
from the carbon carrying the methyl group produces stability, since (XII) was 
dehydrogenated smoothly to 4-methylphenanthrene; similarly, Bardhan and Sen-Gupta 
(J., 1932, 2522) dehydrogenated (XIII) to 1 : 4-dimethylphenanthrene. 
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In the dehydrogenation now described, the methyl groups are extremely labile, even in the 
dimethyl series when one group possibly adjoins a double bond. Further, the benzene 
nucleus rules out the possibility of elimination occurring through a migration to a p-position 
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giving rise to an angle methyl group. With reference to the chrysene homologue isolated, 
it is most likely 1-methylchrysene (II), although the possibility of migration cannot be 
overlooked. Recently Cook and Robinson (this vol., p. 506) noticed that an attempted 
dehydrogenation of (XIV) gave a complex mixture of products, from which the only pure 
compound isolated, in small yield, was 1 : 2-benzanthracene, and it is possible that this 
represents the same phenomenon in operation with the methyl group again rendered labile 
under the influence of the methoxy-group. 
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EXPERIMENTAL.’ 


Ethyl meso-fy-Diphenylbutane-aa88-tetracarboxylaie (IV).—Ethyl benzylidenemalonate (30 
g.) on reduction gave ethyl benzylmalonate (21 g.), b. p. 129°/2 mm., which was removed by 
distillation, and the undistilled residue (6-2 g.) and ethyl alcohol (20 c.c.) deposited ethyl 
diphenylbutanetetracarboxylate (2-4 g.), which crystallised from alcohol in needles, m. p. 86° 
(Vogel records m. p. 88°). 

trans-2 : 11-Diketo-1:2:9:10: 11: 18-hexahydrochrysene (V).—The above ester (1-5 g.) 
was heated with sulphuric acid (85%) for 3 hours, and the tvans-diketone precipitated with 
water; it crystallised from butyl alcohol in plates, m. p. 293°, identical with those previously 
described (J., 1933, 609). 

Reformatsky Reaction.—A mixture of benzil (12 g.), methyl «-bromopropionate (15 g.), and 
zinc filings (11 g.) in dry benzene (45 c.c.) was refluxed on the water-bath, a trace of methyl- 
magnesium iodide in ethereal solution being necessary to bring about reaction. After 3 hours’ 
heating, the cooled mixture was treated with an excess of dilute sulphuric acid, and the benzene 
layer separated. On standing, §-benzoyl-a-methylcinnamic acid (2:2 g.) separated; it was 
crystallised from benzene, m. p. 235° (Found: C, 76-7; H, 5-2. C,,H,,0O, requires C, 76-7; 
H, 53%). The benzene was removed from the mother-liquor under reduced pressure, and the 
residual gum dissolved in a little methyl alcohol. Methyl §-hydroxy-f-benzoyl-B-phenyl-a- 
methylpropionate separated and crystallised from this solvent in needles, m. p. 83° (Found : 
C, 72-4; H, 60. C,,H,,0, requires C, 72-5; H, 60%). When the hydroxy-ester was dehyd- 
rated by heating with powdered potassium hydrogen sulphate and the resulting unsaturated 
ester was isolated and hydrolysed with alcoholic potassium hydroxide, 8-benzoyl-a-methyl- 
cinnamic acid, m. p. 235°, identical with that described above, was obtained. 

1-Propionylcyclohexene.—cycloHexene (21 g.) and propionyl chloride (24 g.) were mixed 
and added to a stirred solution of anhydrous stannic chloride (63 g.) in dry carbon disulphide 
(150 g.), the temperature being kept near — 10°. After standing over-night, ice-water was 
added, the carbon disulphide sojution separated and dried, and the solvent distilled. The 


residue was heated with diethyla 
dilute hydrochloric acid, and e 
was obtained as a colourless oil 
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pure (Found: C, 75-0; H, 7-1. C,,H,,O, requires C, 75-8; H, 7:-4%). On reduction in 
absolute-alcoholic solution with palladium norit (2-0 g., 10%) the ethyl ester (11-5 g.) readily 
took up hydrogen at atmospheric pressure in the early stages, but the reduction proceeded to 
completion only slowly. After filtration, and distillation of the alcohol ethyl B-benzyl-n-butyrate 
(8-5 g.) distilled, b. p. 133°/12 mm. (Found: C, 75-3; H, 8-5. C,,;H,,0, requires C, 75-7; H, 
87%). 

1-Keto-3-methyl-1 : 2 : 3 : 4-tetrahydronaphthalene (VIII).—Ethyl 6-benzyl-u-butyrate (16 g.) 
was added to concentrated sulphuric acid (150 c.c.) and water (45 c.c.) and heated on the 
water-bath for 2 hours. After dilution with ice-water, the mixture was extracted with ether, 
and the extract fractionated, giving the methyltetralone (9-0 g.), b. p. 138°/11 mm. (Found : 
C, 82-1; H, 7-8. Cale.: C, 82-5; H, 7:5%). The semicarbazone crystallised from ethyl 
alcohol in rectangular plates, m. p. 189° (Found: C, 66-5; H, 6-9. Calc. for C,,H,,ON;: 
C, 66-4; H, 69%), and the 2: 4-dinitrophenylhydrazone crystallised from ethyl acetate by 
addition of alcohol to the hot solution, which was then allowed to cool, or from cyclohexyl] acetate 
in bright red needles, m. p. 242° (Found: C, 59-9; H, 5-0. C,,H,,0,N, requires C, 60-0; H, 
4-7%). Von Braun and Stuckenschmidt (Ber., 1923, 61, 1728) prepared this methyltetralone 
by an alternative route and record b. p. 127—128°/13 mm.; semicarbazone, m. p. 177°. 

2-Keto-1 : 10-dimethyl-2:3:4:5:6:7:8:9:10: 1l-decahydrochrysene (X, R = Me).— 
The methyltetralone (7-5 g.) and powdered sodamide (2-2 g.) in dry ether (35 c.c.) were stirred 
for 6 hours, refluxed next day with stirring for 4 hours, and ice-cooled, and propionylcyclohexene 
(6-5 g.) in dry ether (10 c.c.) added dropwise. After being stirred for 12 hours, the mixture 
was refluxed for 4 hours, acidified with dilute sulphuric acid, and extracted'with ether. The 
solvent and unchanged ketones were removed in steam and the non-volatile oil was extracted 
with ether, from which a brown oil (5-5 g.) was obtained which partly crystallised (3-5 g.) from 
ethyl alcohol and after several crystallisations gave a ketodimethyldecahydrochrysene, m. p. 104°, 
in large prisms (Found: C, 85-4; H, 8-8. C,. 9H,,O requires C, 85-7; H, 86%). It was 
unchanged after boiling with semicarbazide acetate, but gave a 2: 4-dinitrophenylhydrazone. 

Selenium Dehydrogenation of the Dimethyldecahydrochrysene.—The above ketone (2 g.) 
was reduced by the Clemmensen method after 12 hours’ boiling, the hydrocarbon being 
recovered with benzene and the solvent removed (under reduced pressure in final stages), 
leaving an unsaturated non-ketonic residue, to which selenium (4 g.) was added. Dehydrogenation 
proceeded on heating at 280°, raised to 320°, and was finally completed at 360°, the mixture 
being kept for 24 hours at each temperature. The upper part of the tube was occasionally 
heated to keep the material in contact with the selenium, but only in the later stages was there 
any evidence of crystallisation. Finally, the product was extracted with benzene, the selenium 
being repeatedly melted under reduced pressure to allow a complete recovery of hydrocarbon. 
The solvent was removed from the combined benzene extracts, and the residue (0-8 g.) distilled 
under reduced pressure from sodium and dissolved in a little benzene. The material which 
separated on cooling was filtered off, crystallised, and found to be chrysene, m. p. and mixed. 
m. p. 248° (Found: C, 94-5; H, 5-4. Calc.: C, 94:7; H, 53%); trinitrobenzene derivative, 
m. p. 186°. The benzene was removed from the original mother-liquor, the oil dissolved in 
alcohol, the solution cooled, and a further quantity of chrysene filtered off. On concentration 
of the mother-liquor needles separated; after several crystallisations this substance had m. p. 
151° and was identical with the methylchrysene described below. 

2-Keto-10-methyl-2 :3:4:5:6:7:8:9:10: 1l-decahydrochrysene (X, R = H).—1-Acetyl- 
cyclohexene (6-0 g.) was substituted for the propionylcyclohexene in the preparation of the 
ketodimethyldecahydrochrysene, and the mixture stirred for 12 hours but not refluxed. The 
residue, after steam distillation, proved to be a mixture of ketones (3-9 g.), usually m. p. about 
120°, which, on repeated crystallisation from alcohol, gave a homogeneous ketomethyldecahydro- 
chrysene (2-5 g.), m. p. 132°, as needles (Found: C, 85-4; H, 8-2. Cy gH,,O requires C, 85-7; 
H, 8:3%). The semicarbazone was readily prepared and crystallised from alcohol, m. p. 227° 
(Found : C, 74:1; H, 8-1. CygH,,;ON, requires C, 74:3; H, 7-7%), and the 2 : 4-dinitrophenyl- 
hydvazone crystallised from cyclohexyl acetate in needles, m. p. 210° (Found: C, 67-1; H, 
6-1. C,,H,,O,N, requires C, 67-3; H, 58%). By fractional crystallisation of the ketone 
mother-liquor a second isomer was obtained pure in small amount and crystallised in prisms, 
m. p. 165° (Found: C, 85-3; H, 8-2. C,gH,,O requires C, 85-7; H, 8-3%), but a considerable 
fraction was never satisfactorily separated. It was found that refluxing the ethereal solution 
during the condensation increased the yield (5-0 g.), but the mixture was difficult to separate, 
giving only 1-3 g. of ketone, m. p. 132°. 

Selenium Dehydrogenation of Methyldecahydrochrysene.—The pure ketone (4:0 g.), m. p 
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132°, was reduced by the Clemmensen method, and the product dehydrogenated with selenium 
exactly as described above. The hydrocarbon (1-2 g.) recovered was distilled from sodium and on 
fractional crystallisation gave chrysene (0-7 g.), a methylchrysene (0-1 g.), and non-crystallisable 
material (0-3 g.). The methylchrysene crystallised in fine needles, m. p. 151°, from alcohol, the 
solution showing a slight purple fluorescence (Found: C, 94:3; H, 5-7. C,,H,, requires C, 
94-2; H, 58%). The trinitrobenzene derivative crystallised from alcohol in bright yellow 
needles, m. p. 184—185° (Found: C, 66-4; H, 3-9. C,).H,4,C,H,;O,N; requires C, 65-9; H, 
3-7%), and the picrate was prepared in alcohol solution as fine orange needles, m. p. 162°, but 
on attempted crystallisation the hydrocarbon was recovered; a styplnate was not formed. 


The authors thank the Chemical Society for a research grant. 
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347. Researches on Residual Affinity and Co-ordination. Part XL. 
Some Complex Compounds of Rhenium. 


By Sir GILBERT MorGAN and GLyN R. DAVIEs. 


A number of alkali and organic rhenium dioxocyanides have been prepared of the 
general formula M,{ReO,(CN),], where M is a univalent metal or radical. Although 
attempts to determine the valency of rhenium in these compounds were not entirely 
satisfactory, the results for the most part favoured a quinquevalency in the co- 
ordinating metal. Some salts of rhenichloric acid and per-rhenic acids with 2: 2’- 
dipyridyl and 2: 2’ : 2’’-tripyridyl have also been made. From the former base two 
rhenichlorides were obtained in which the dipyridyl functioned respectively as a 
mono- and a di-acid base; tripyridyl gave rise only to one salt. Such rhenichlorides 
are more stable to heat and water than are the corresponding alkali salts. 

Australian molybdenite has been investigated for its rhenium content, which is 
about 1 part in a million. 


SEVERAL attempts have been made to obtain complex cyanides of rhenium but, invariably, 
there have resulted only oxocyanides. In 1932 Turkiewicz (Rocz. Chem., 12, 589) obtained 
a substance K,[ReO(CN),OH], and later one of us announced the preparation of potassium- 
sodium and potassium derivatives to which were assigned the formula X[ReO(CN),], 
where X = K,Na or K, (J., 1935, 568). More recently, Klemm and Frischmuth (Z. anorg. 
Chem., 1937, 230, 215) have described the preparation of the compound K,[ReO,(CN),]. 
Further investigation of the above alkali salts obtained by us has revealed that they also 
are of this type, X,[ReO,(CN),], that is, derivatives of quinquevalent rhenium containing 
two atoms of oxygen instead of one as was formerly suggested (loc. ctt.). 

Attempts to determine the valency of rhenium in these substances by oxidation methods 
did not give entirely satisfactory results, for the values obtained depended on the oxidising 
agent used and on the duration and the temperature of the process. With ceric sulphate, 
the results varied between 3-8 and 5-2, whereas with potassium dichromate they ranged 
from 5 to 5-7. A direct determination of the oxygen by the ter Meulen method revealed 
that these oxocyanides contained two atoms of this element. Although this estimation 
worked satisfactorily with the sodium derivative, low values were experienced with 
potassium rheniumdioxocyanide owing to the reduction product sintering and so enclosing 
some of the original material, which remained unattacked by the hydrogen. Accordingly, 
certain organic derivatives were made, these being more easily reduced and leaving only 
a powdery residue of rhenium together with a little carbon. The compounds prepared 
were the 9-w-phenanthridylmethyl-N-pyridinium, phenanthridinium and 2: 2'-dipyridyl 
rheniumdioxocyanides, and they were obtained as colourless or pale brown precipitates on 
addition of the hydrochloride of the base to an aqueous solution of one of the alkali 
oxocyanides. When the precipitation with dipyridyl was carried out in 3—4N-hydro- 
chloric acid, a different product was formed consisting of pale blue needles as compared 
with the light brown powder of (C,,H,N,H,),[ReO,(CN),],,3H,O obtained in neutral 
solution. These needles are more stable to heat and are less easily hydrolysed than 1s 
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the brown powder, and they are but slowly attacked by hydrogen peroxide. A similar 
type of compound, consisting also of blue needles, is obtained when the phenan- 
thridinium rheniumdioxocyanide is warmed with hydrochloric acid. Analyses of these 
coloured products indicate that they are acid salts, the formule of the dipyridyl and 
the phenanthridine derivative being respectively (C,j)H,N,H),H[ReO,(CN),] and 
(C,3HN H),H[ReO,(CN),]. 

Some polypyridyl derivatives of rhenichloric and per-rhenic acids have also been made. 
With 2: 2’-dipyridyl there is formed both a mono- and a bis-dipyridyl rhenichloride, 
depending on whether interaction is allowed to take place under acid or neutral conditions. 
The former, (CjpH,N,H,)ReCl,, is converted into the latter, (C,)H,N.H).ReCl,, on heating 
with a dilute aqueous solution of the dipyridyl hydrochloride. These rhenichlorides are 
much more stable than the alkali salts and may be heated with water for long periods 
without decomposition. They are, however, decomposed by alkalis, with the separation 
of hydrated rhenium dioxide. 

Australian molybdenite has been investigated for its rhenium content, and has 
been found to contain about 1 part of the metal in a million of the mineral. 


EXPERIMENTAL. 


Potassium Sodium Rheniumdioxocyanide, K,Na[ReO,(CN),],6H,O.—A solution of potassium 
per-rhenate (1 g.), potassium cyanide (double salt) (2 g.), and hydrazine hydrate (0-5—0-7 c.c.) 
in water (30 c.c.) was heated for 24 hours on a steam-bath in a flask fitted with a Bunsen valve. . 
The deep red liquor was concentrated to about 20 c.c., and methyl alcohol added until about 
one-quarter of the product was precipitated. The filtrate from this material was poured into 
alcohol (75 c.c.), whereby a buff-coloured deposit was obtained, which was separated by 
filtration and then dissolved in a little water. The above process was repeated, the methyl 
alcohol precipitates being combined and resubmitted to the treatment. The ethyl alcohol 
deposits were added together, dissolved in water (8—10 c.c.), alcohol introduced until a faint 
turbidity appeared, this being cleared with a drop of water, and the solution then placed in a 
small desiccator containing anhydrous potassium carbonate. Massive red octagonal plates 
were slowly formed, together with a little potassium and sodium carbonate. The former 
crystals were removed by hand and recrystallised. The red crystals of' the dioxocyanide 
effloresce in air, and on drying over phosphoric oxide fall into a pale pinkish-yellow powder, 
readily soluble in water to an orange-red solution. The analysis was carried out on the dried 
powder (Found: C, 11-3; N, 13-2; Na, 5-7; K, 18-6; Re, 43-7. C,N,O,NaK,Re requires C, 
11-3; N, 13-2; Na, 5-4; K, 18-4; Re, 44-0%. Found: loss of water on drying the crystals, 
20-1. 6H,O requires loss, 20-3%). 

Sodium Rheniumdioxocyanide, Na,[ReO,(CN),],2H,O.—This was prepared from sodium 
per-rhenate, sodium cyanide, and hydrazine hydrate in a like manner to the foregoing, but in 
this case the product precipitated by ethyl alcohol was crystallised from water—methy] alcohol. 
Methyl alcohol does not readily precipitate the complex sodium salt from solution, and so the 
removal of any carbonate is made easier than with the potassium sodium derivative. When left 
over potassium carbonate, yellow transparent nodules were formed which did not effloresce 
in air but dissolved readily in water to an orange solution (Found: O, 15:1; N, 12-9; Na, 
16:0; Re, 43-7; H,O, 8-4. C,H,O,N,Na,Re requires O, 15-0; N, 13-1; Na, 16-15; Re, 43-6; 
H,0, 8-4%). 

Potassium Rheniumdioxocyanide, K,[ReO,(CN),].—Attempts to reduce potassium per- 
thenate by the method previously employed proved intolerably slow, and so the oxocyanide 
was made by heating a suspension of hydrated rhenium dioxide (2 g.) in an excess of an aqueous 
solution of potassium cyanide (3-5 g. in 30 c.c. of water). The mixture was kept just boiling 
for 12 hours, after which it was filtered, and the deep red filtrate treated with one or two drops of 
hydrogen peroxide until it became wine-red. The solution was then concentrated to about 
20 c.c. and left to crystallise; large red monoclinic crystals slowly formed, and were hand- 
picked from any potassium carbonate crystals. The oxocyanide crystals tend to occlude 
some potassium per-rhenate, which is always present, and were best purified by dissolving 
them in a 20% solution of potassium acetate, removing any residue of per-rhenate, and then 
concentrating the solution sufficiently to obtain small crystals. These separated slowly, and 
were washed with a mixture of alcohol and water (1: 1), being finally ground with more of the 


_ mixture in order to remove any occluded acetate. The potassium rheniumdioxocyanide is less 
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soluble in water than the foregoing alkali derivatives, but is still readily soluble. Estimation 
of oxygen in this compound did not give good results for, when heated in hydrogen, the metallic 
residue sintered and in doing so enclosed a little of the material which remained unaffected 
(Found: C, 10-9; O, 6-7; N, 12-8; K, 26-5; Re, 42-5. C,O,N,K,Re requires C, 10-9; O, 
7:3; N, 12-7; K, 26-6; Re, 42-4%). These crystals contained no water of crystallisation. 
9-w-Phenanthridylmethyl-N-pyridinium Rheniumdioxocyanide, 
(CygH,5N,H)3[ReO,(CN),],4H,O.— 
The addition of an aqueous solution of 9-w-phenanthridylmethyl-N-pyridinium chloride 
to one of potassium (or sodium) rheniumdioxocyanide produced a white precipitate, which was 
washed with water and dried in air. The resulting pale-coloured powder could be obtained in 
the form of small colourless needles on crystallising it from hot water, but such treatment 
tended to produce some hydrolysis. This oxocyanide is almost insoluble in cold water and 
sparingly so in hot water (Found: C, 60-4; H, 4:6; O, 7-8; N, 12-0; Re, 15-7; H,O, 6-1. 
C,4,H;,0,N,.Re requires C, 60-5; H, 4:6; O, 7-9; N, 11-55; Re, 15-4; H,O, 5-95%). 

Phenanthridinium Rheniuindioxocyanide, (Cjs,H,NH),[ReO,(CN),],2H,O.—Excess of phenan- 
thridine in the least possible quantity of n/2-hydrochloric acid was added to an aqueous solution 
of potassium rheniumdioxogyanide; the pale brown precipitate obtained was washed first 
with water and then with a mixture of alcohol and ether (1 : 2) in order to remove any phenan- 
thridine which usually contaminated the product. The oxocyanide dried to a light brown 
powder not appreciably sol¥ble in cold water, more soluble in alcohol. It is hydrolysed on 
heating with water (Founjl:C, 57:2; H, 3-6; O, 7-4; N, 11:0; Re, 20-4; H,O, 4-0. 
C,,H,,0,N,Re requires C, 57-4; H, 3-8; O, 7-1; N, 10-9; Re, 20-7; H,O, 40%). 

If this compound is dissplved in hot 4n-hydrochloric acid then, on cooling, there separate 
out pale blue crystals of phenanthridinium hydrogen rheniumdioxocyanide, which when dried 
in a vacuum has the fornfula (C,,H,NH),H[ReO,(CN),] (Found: N, 12-3. C,oH,,O,N,Re 
requires N, 12-3%). 

2: 2'-Dipyridyl Rheniujndioxocyanide, (C,gH,N,H,),[ReO,(CN),]2,3H,O.—Obtained in a 
similar fashion to the previpus compound as a pinkish-brown crystalline precipitate, this com- 
pound is somewhat soluble in hot water or alcohol but is easily hydrolysed. When heated , 
above 80°, it decomposes, fsome dipyridyl being vaporised along with the water of crystal- 
lisation and a violet residug remaining (Found: C, 39-0; H, 3:2; N, 16-7; O, 9-7; Re, 31-8; 
H,O, 4:5. C,,H,,0,N,,Ré, requires C, 38-9; H, 3-1; N, 16-7; O, 9-55; Re, 31:8; H,0O, 
46%). 

When 2: 2’-dipyridyl fydrochloride is added to a solution of potassium rheniumdioxo- 
cyanide in 4n-hydrochlorig acid, a blue product is obtained which, on recrystallisation from 
hydrochloric acid of thefsame strength, separates as pale blue needles of the acid salt, 
(C,)5H,N,H),H[ReO,(CN),§4H,O. Dried in a vacuum desiccator over phosphoric oxide the 
crystals lose their water $f crystallisation without any appreciable change in colour. The 
analysis was carried out dn the anhydrous product (Found: C, 45-3; H, 2-8; N, 17-7; Re, 
28-8, 29°5. C,,H,,O,N,R¢ requires C, 45-2; H, 3-0; N, 17-6; Re, 29-2%. Found: loss of 
water on drying, 9-9. 4Hi,O requires loss, 10-15%). 

Bis-2 : 2’-dipyridyl Rienichloride, (Cy9H,N,H),ReCl,.—A solution of potassium rheni- 
chloride (0-3 g.) in water (25 c.c.) was treated with 2 : 2’-dipyridy] (0-3 g.) dissolved in the least 
possible quantity of dilut¢ hydrochloric acid, and a pale greenish-white precipitate was formed. 
This product may be obtained as pale green rods or needles by carefully crystallising it from 
warm water. If too high a temperature is employed, or if heating is continued for too long, 
then the solution slowly becomes yellow and deposits hydrated rhenium dioxide. This rheni- 
chloride is moderately soluble in warm water but only slightly so in the cold (Found: N, 8-1; 
Cl, 29-8; Re, 27-1. C9H,,N,Cl,Re requires N, 7-85; Cl, 29-9; Re, 27-0%). 

2: 2’-Dipyridyl Rhenichloride, (C4gH,N,H,)ReCl,—_When the reaction between potassium 
rhenichloride and dipyridyl is carried out in 3—4n-hydrochloric acid, the product is a yellow 
crystalline precipitate which, on recrystallising from hot dilute hydrochloric acid, is obtained 
as fine crocus-yellow needles (Found: Cl, 38-2; Re 33-5. C,)H,N,Cl,Re requires Cl, 38-2; 
Re, 33-4%). 

2:2’: 2”-Tripyridyl Rhenichloride, (C,;H,,N,H,)ReCl,,H,O.—2: 2’ : 2’-Tripyridyl forms 
only one rhenichloride whether the reaction is carried out in neutral or in strongly acid solution ; 
under both conditions a monotripyridyl derivative is obtained as a microcrystalline, almost 
colourless, precipitate which, after being washed with dilute hydrochloric acid, dries to a pale 
green powder practically insoluble in water. It is distinguished from the dipyridyl compounds 
in possessing 1 molecule of water of crystallisation and in a greater tendency to hydrolyse on 
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treatment with hot water (Found: Cl, 32-5, 32-6; Re, 28-8, 28-5; H,O, 2-7. C,,H,,ON,;Cl,Re 
requires Cl, 32°65; Re, 28-6; H,O, 2:8%). 

2:2'-Dipyridyl Per-rhenate, (CyyH,N,H)ReO,.—This salt was prepared by treating a 
concentrated solution of per-rhenic acid with a slight excess of dipyridyl dissolved in dilute 
acetic acid; the colourless crystalline precipitate recrystallised from hot water as well-defined 
leaf-shaped clusters of fine needles. It is fairly easily soluble in warm water, and its solubility 
at 19° is 2-1 g. per 100 c.c. of solution (Found: Re, 45-6. C,,H,O,N,Re requires Re, 45-7%). 

2:2’: 2"-Tripyridyl Per-rhenate, (CysH,,N,H)ReO,.—Prepared in a like manner to the 
previous compound, this per-rhenate is obtained as a white precipitate much less soluble in cold 
water than the dipyridyl per-rhenate. It is, however, moderately soluble in hot water and, 
depending on the rate of cooling, there separate from the solution either colourless spangles 
or clusters of fine, hair-like needles. Also unlike the dipyridyl salt, it may be obtained from 
potassium per-rhenate by double decomposition with the hydrochloride of the base (Found : 
Re, 38-3. C,,;H,,O,N,Re requires Re, 38-4%). 

Rhenium from Australian Molybdenite.—The finely ground molybdenite (50 Ibs.) was treated 
with 14-5n-nitric acid (90 1.) in a tantiron pan fitted with a steam-jacket, the temperature being 
maintained at 70—80°. A white pasty mass was formed to which was added enough water 
to make the volume up to 90 1., the mixture being stirred well and filtered. The precipitate 
was washed thoroughly with water, after which the filtrate (85 1.) was concentrated to 20 1., 
the molybdenum trioxide which separated during this process being removed at intervals. 
A further separation was obtained by precipitating molybdenum as ammonium phos- 
phomolybdate, but this was disappointing, for the reaction was far from being quantitative 
on the large scale and, indeed, was omitted during the treatment of a second batch of molyb- 
denite. The molybdenum and rhenium were now precipitated as sulphides, which were 
converted into oxides and these distilled from concentrated sulphuric acid in a current of hydrogen 
chloride after the manner described by Geilmann and Weibke (Z. anorg. Chem., 1931, 199, 120). A 
considerable enrichment was thereby achieved, since molybdenum is much less volatile than 
rhenium under these conditions. The distillate was carefully concentrated to small bulk, and 
molybdenum removed from it with 8-hydroxyquinoline, the rhenium being recovered as tri- 
pyridyl per-rhenate. This final separation was also carried out with 2: 2’-dipyridyl, for the 
dipyridyl molybdate is only slightly soluble in cold water whereas dipyridyl per-rhenate is 
moderately soluble. The amount of rhenium extracted from 100 Ibs. of molybdenite was 
49-5 mg., the content of the mineral being thus of the order of 1-1 x 10*%. 


This work forms part of the programme of the Chemistry Research Board and is published 
by permission of the Department of Scientific and Industrial Research. 
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348. Acid Catalysis in Non-aqueous Solvents. Part VI. The Racemis- 
ation of Phenylmethylacetophenone and Phenylisobutylacetophenone in 
Various Solvents. 


By R. P. Bett, O. M. LipwELL, and J. WRIGHT. 


The kinetics of the acid-catalysed racemisation of phenylmethylacetophenone and 
phenylisobutylacetophenone have been investigated in various non-dissociating solvents 
at 100°. The results resemble, in general, those already obtained for the inversion 
of menthone in chlorobenzene solution. A mechanism is suggested to explain the 
observed dependence of the velocity upon the acid concentration. Attempts were made 
to study catalysis by amines in inert solvents, but owing to complications it was only 
possible to establish qualitatively that the racemisation is Seis by triethylamine 
in chlorobenzene, no acid species being present. 


In Part V (Bell and Caldin, this vol., p. 382) prototropic change in the group >CH—C—O 
was studied by measuring the rate of inversion of menthone in chlorobenzene. Owing 
to the low rotation of d-menthone, it was necessary to use rather concentrated solutions, 
thus introducing some complications. The ketones used in the present investigation have 
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high molecular rotations, so that dilute solutions could be used. Further, since only one 
asymmetric centre is present, the final value of the rotation is zero, and velocity constants 
can be conveniently and accurately obtained from the measured rotations. Previous 
kinetic measurements on the racemisation of ketones (Conant, J. Amer. Chem. Soc., 1932, 
54, 4048; Bartlett and Stauffer, ibid., 1935, 57, 2580; Ingold and Wilson, J., 1934, 773; 
Hsii and Wilson, J., 1936, 623) have dealt chiefly with the relation between rates of 
enolisation, racemisation, and halogenation, or with the effects of substitution on the 
velocity. The results obtained in the present work give information about the effect of 
the concentration and nature of acid catalysts, the effect of the solvent, and the kinetic 
mechanism of the reaction. 


EXPERIMENTAL. 


Preparation of Materials —Phenylmethylacetophenone was prepared by two methods. 
(i) Hydratropic acid was prepared from phenylacetonitrile (Meyer, Annalen, 1889, 250, 123), 
resolved through the quinine salt (Levene, Mikeska, and Passoth, J. Biol. Chem., 1930, 88, 27), 
and converted into the ketone by a Grignard reaction (Conant, Joc. cit.). The specimens obtained 
had m. p. 37—38°, but were about half racemised. (ii) d-Alanine ester hydrochloride (from 
silk) was treated with phenylmagnesium bromide (McKenzie, Roger, and Wills, J., 1926, 785), 
and the resulting amino-alcohol converted into the ketone by the action of nitrous acid 
(McKenzie, J., 1925, 127, 287). This product had m. p. 29—30°, [«]}” + 188° (in chlorobenzene). 
McKenzie gives m. p. 34°, [«]?” + 207° (in alcohol). 

Phenylisobutylacetophenone was prepared from J/-leucine (from ox blood) through the 
amino-alcohol as described by Kaneo and Yaguchi (Chem. Zenir., 1928, ii, 51). After recrystal- 
lising twice from aqueous alcohol and once from absolute alcohol, the product had m. p. 51— 
53°, [a]>” + 150° (in alcohol), and was thus of higher optical purity than the ketone obtained 
by Kaneo and Yaguchi, who give m. p. 33—36°, [«]?” + 109°. The rotation of this ketone was 
determined at 20° in a number of solvents, the values of [«]}” being: alcohol, 150°; chloro- 
benzene, 167°; anisole, 179°; nitrobenzene, 138°; amyl acetate, 212°; decalin, 180°. Increase 
of temperature to 100° caused a decrease in rotation of 20—30%. 

The acids were pure commercial specimens distilled or recrystallised as described in previous 


papers of this series. The solvents were dried over sodium or phosphoric oxide and fractionally 
distilled, slightly reduced pressure being used for decalin and nitrobenzene. 
Measurement of Reaction Velocity.—The kinetic measurements were carried out at ca. 100°, 


the thermostat used being a modified form of that described by Bell and Caldin (Joc. cit.). The 
polarimeter tubes were 200 mm. long, with sintered end-plates. They were placed in narrow 
metal troughs which extended well above the level of the thermostat oil. The base of the 
trough consisted of a length of brass tubing which was a close fit on the polarimeter tubes 
and was half cut away in the middle where it joined the vertical sides of the trough. The brass 
tubes extended beyond the ends of the troughs and were soldered through the sides of the 
thermostat. In order to improve thermal contact, the lower part of the troughs was filled with 
brass filings. After insertion of the polarimeter tubes, tops were soldered on to the troughs, 
an aperture being left for the vertical extension to the filling cup of the polarimeter tube. This 
construction eliminates any danger of the thermostat oil leaking into the tube or on to the end- 
plates, and it obviates the use of cement. Tests showed that, when the polarimeter tubes were 
filled with solutions originally at 90°, they reached thermostat temperature (within 0-1°) in 10 
minutes. 

The polarimeter was a Hilger instrument giving readings reproducible to 0-01°, and the 
initial rotation obtained was 1—2°. The source of light was a mercury-vapour lamp, with 
filters transmitting only the 5770 and 5790a. lines. For the measurements in nitrobenzene 
(where a green colour was developed), a filter transmitting only the 5461 a. line was used. With 
phenylmethylatetophenone, readings were continued over about two-thirds of the reaction. 
With the other ketone, this was not always possible owing to darkening in the solutions. The 
first-order velocity constants were determined graphically by plotting the logarithm of the 
rotation against the time. The course of the reaction was always unimolecular within the 
experimental error. 

Results in Chlorobenzene.—Measurements were made with phenylmethylacetophenone and 
four catalysing acids in this solvent. In the absence of acid, no change in rotation was detectable 
when the solution was kept at 100° for a fortnight. The concentration of the ketone was kept 
constant at 0-025 mol. /1000 g. (0-75% by weight). A three-fold increase in ketone concentration 
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affected the velocity by not more than 15%. In the following tables k = first-order constant 
(logy, min.-), c = catalyst concentration (mols./1000 g.). The calculated values of & are 
given by one of the two equations k = k,c + a/c or k = kyc + bc*. The best values of the 
constants in these equations were calculated by a modification of the usual least-square treat- 
ment, and are given with their probable errors in Table II. It will be seen from Table I that 
there is agreement between the observed and the calculated velocity constants to within the 
experimental error of about 3%. 


TABLE I. 


Racemisation of Phenylmethylacetophenone in Chlorobenzene at 99-4°. 


Trichloroacetic acid. 
0-0251 0-0989 0-123 0-246 
12-2 16-0 
11-9 16-1 45:8 


Dichloroacetic acid. 


0-0538 0-0634 0-0925 
. 1-53 2-15 
1-53 2-17 


o-Nitrobenzoic acid. 


0-0842 0-170 0-272 
0-472 0-781 1-05 
0-774 1-09 


Monochloroacetic acid. 
0-0781 0-155 0-310 
0-31 0-52 0-79 

0-50 0-79 


TABLE II. 
10k. 10*a, 104, Ka (25°). 
Trichloroacetic 7606¢« S+-«~‘idié — 445 + 10 8 x10" 
Dichloroacetic 20-1 +04 10 +01 —_— 5-5 x 10°? 
o-Nitrobenzoic 20 +0-2 1-05 + 0-08 _— 6-3 x 10° 
Monochloroacetic 0-96 +007 0-88 + 0-04 —- 1-6 x 10° 

A few similar experiments were carried out with phenylisobutylacetophenone catalysed by 
mono-, di-, and tri-chloroacetic acids; the velocity was throughout 3-5 + 0-1 times smaller 
than with phenylmethylacetophenone. 

In the work with menthone (Bell and Caldin, loc. cit.) it was shown that there was instant- 
aneous complex formation between the acid and the ketone, followed by a subsequent slow 
change leading to inversion, and this complex formation was studied quantitatively by observing 
the instantaneous depression of the optical rotation at 20°. In the present work the reactions 
were sufficiently slow for similar observations to be made at 100°. The results are given below, 


0 
0 


Rotation of ketones in trichloroacetic acid solutions at 100°. 
Phenylmethylacetophenone. Phenylisobutylacetophenone. 
¢ (acid) 0-025 0-051 0-103 0-157 0-264 0-048 0-100 0-149 0-245 
Decrease in rotation, % 2-0 3-0 10-5 144 27 3-2 6-0 10-4 16 

The ketone concentration was in each case 0-025m, and it will be seen that the rotation is 
still decreasing in a roughly linear manner even when the acid concentration is more than 10 
times as great. This shows directly that the degree of complex formation must be small at 100°, 
as must be assumed in any simple treatment of the kinetics. Trichloroacetic acid is the 
strongest acid used, and the same will be true a fortiori of the weaker acids. 

Results in Various Solvents.—The object of these measurements was to investigate the effect 
of solvent variations upon the catalytic behaviour of this type of reaction. Only non- 
dissociating solvents were used, so that the acid molecules were the only catalytic species present. 
The ketone used was the more readily accessible phenylisobutylacetophenone. Some difficulty 
was experienced owing to the gradual darkening of the solutions at 100°, which is presumably 
due to some impurity, since it was much greater in samples which had not been recrystallised from 
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absolute alcohol. It only develops in the presence of acids, and the colour varies between 
yellow, red, purple, and green, suggesting a colloid in different states of dispersion. With the 
solutions of dichloroacetic acid used, it was normally possible to follow about 40% of the reaction, 
but in nitrobenzene the solutions became opaque after only about 15% racemisation. For 
this reason the results are not so accurate as those for phenylmethylacetophenone, but they 
are sufficiently consistent to illustrate the differences between the various solvents. The 
concentration of the ketone was 0-028m throughout. The results are given in Table III. 


TABLE III. 
Racemisation of phenylisobutylacetophenone in different solvents. 


Temperature, 100°. Catalyst, dichloroacetic acid. 
k/e x 104. 





Solvent. “6. ° 0-4, 0-3. 0-2. 
Anisole . 1-04 0-59 0-46 
Nitrobenzene . . 2-65 2-00 2-31 
Chlorobenzene * 5B . 4-98 == 4-66 
Decalin ‘ . 13-1 — 12-5 


Attempts to study Basic Catalysis —Attempts were made to study catalysis by amines in 
chlorobenzene solution, since current views assume (cf. Pedersen, J. Physical Chem., 1934, 
38, 581; Trans. Faraday Soc., 1938, 34, 237; Bonhoeffer and Reitz, Z. physikal. Chem., 1937, 
A, 179, 135) that in the base-catalysed prototropy of ketones there is no preliminary equilibrium 
with the catalyst, the initial proton transfer determining the rate. The addition of piperidine 
to a chlorobenzene solution of phenylisobutylacetophenone at 100° caused a slight decrease in 
rotation, but the solution rapidly darkened and a white crystalline solid was deposited. This 
may be analogous to the compound reported by Goetschmann (A mnalen, 1879, 197, 27) between 
acetone and diethylamine. With solutions of triethylamine, 0-01—0-10Nn, at 100° no solid 
was formed, though there was considerable darkening. The rotation in all cases decreased 
initially, passed through a minimum, and then increased slowly to a steady value higher than 
the initial rotation. There seems to be no possibility of compound formation between a ketone 
and a tertiary amine, and it seems probable that the increase in rotation is due to the formation 
of an optically active hydroxy-ketone by an aldol condensation between two ketone molecules. 
This condensation would be catalysed by bases, and the resulting ketone cannot racemise by 
enolisation, since there is no hydrogen atom on the a-carbon atom. It can be shown that 
under suitable conditions simultaneous racemisation and condensation will lead to a rotation— 
time curve of the type found experimentally, though there are too many unknown factors to 
attempt a quantitative treatment. It is however of interest to observe that racemisation can 
be effected by a base alone without the presence of any other acidic species; no doubt the ion 
Et,NH?* provides the proton necessary for the second stage of the prototropic change. 


DISCUSSION. 


The results for racemisation in chlorobenzene bear a general resemblance to the corre- 
sponding data for the inversion of menthone (Bell and Caldin, loc. cit.). In particular, 
there is a correlation between the catalytic power of an acid (as measured by the coefficients 
k, in Table II) and its dissociation constant in water (K,), though the data are not so 
extensive as in the case of menthone. It may be noted that recent indicator measure- 
ments in chlorobenzene (Griffiths, this vol., p. 818) show that the relative strengths of acids 
in that solvent are (as previously assumed) represented fairly closely by their dissociation 
constants in water. 

The velocity is not, in general, a linear function of the acid concentration c, it being 
necessary to add either a term in ct or a term in c® to represent the experimental results. 
(This applies to all the results obtained, both with menthone and with the synthetic 
ketones.) The term in ct can be reasonably accounted for by the equilibrium known to 
exist between double and single molecules of carboxylic acids. The term in c* was 
tentatively attributed by Bell and Caldin to a medium effect of the acid; however, in 
view of the relatively small effect caused by change of solvent (cf. Table III) this explan- 
ation no longer seems likely. The occurrence of the acid concentration to a power higher 
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than the first (which appears to be a fairly common phenomenon in aprotic solvents) 
may be more plausibly accounted for along the following lines. 
The first step in the prototropic change is the setting up of the equilibrium 
- _. {CH-C(OH*)- an 
>CH-CO- + HA = {cHeCoHy-} +4 


where the cation in brackets is a hybrid of the two forms shown. The subsequent rate- 
determining step is the removal of a proton from the carbon atom, leading to racemisation. 
In a solvent of high dissociating power, the cation and the anion A~ will exist separately, 
and the removal of the proton can take place by a collision between them, HA being re- 
formed. It has previously been assumed that the same mechanism is the only one 
operating in a solvent of low dielectric constant like chlorobenzene, where the cation and 
the anion will be held firmly together by electrostatic forces. However, in the hybrid 
cation the charge is predominantly on the C(OH*) group, and the anion A~ will be attracted 
strongly to this part of the molecule: hence it may be relatively difficult for the proton 
on the neighbouring carbon atom to become attached to the anion. We therefore suggest 
an alternative mechanism in which the proton is lost to @ second acid molecule acting as a 
base. Carboxylic acids are known to have weak basic properties, as shown by the fact that 
they have a measurable conductivity in the pure state, due to the reaction 2 R-CO,H => 
R-CO-O- + R:CO-OH,*, and by their behaviour in strongly acid solvents (cf. Hammett, 
J. Amer. Chem. Soc., 1935, 57, 2103). The molecule R-CO,H is, of course, a very much 
weaker base than the ion R*CO-O~-, but it is present at a high concentration, and since it 
is uncharged it will not be diverted to the part of the ketone molecule bearing the bulk of 
the positive charge. It therefore seems feasible to assume that both species may play a 
comparable part in removing the relevant proton from the cation. This assumption 
leads to an equation of the form k = k,c + bc*, as found experimentally. On the other 
hand, the square-root term which is predominant for the weaker acids will no doubt be 
present to some extent throughout, so the experimental values of the coefficient b have 
no simple quantitative significance. 

The results for different solvents (Table III) show relatively small variations in rate, 
in contrast to the results obtained for the depolymerisation of paraldehyde by trichloro- 
acetic acid at 20° (Bell, Lidwell, and Vaughan-Jackson, J., 1936, 1792). In the present 
work the rate is smallest in anisole, which is probably due to chemical interaction between 
the acid and the basic oxygen atom. In the three remaining solvents the velocity varies 
less than ten-fold, and appears to bear no relation to the dielectric constant of the solvent. 
The same is true for the solvents investigated in the rearrangement of N-bromoacetanilide 
(Bell, Proc. Roy. Soc., 1934, 148, A, 377). 


Our thanks are due to the Chemical Society for a grant. 
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349. The Reactivities and Basic Strengths of the 
p-Alkyldimethylanilines. 


By W. CuLE Davies. 


The basic dissociation constants of a series of p-alkyldimethylanilines and their 
velocities of reaction at several temperatures with methyl iodide have been determined. 
The Hammett relation between the equilibrium constants and the rate constants holds 
with fair accuracy. The sequence Me > Pr* > ¢ert.-Bu, Et > Bu* > Pr* > H ~ isoBu 
for the relative influence of the p-alkyl groups on the measurements is discussed in 
relation to the electronic effects of alkyl groups. For the reaction of the bases with 
methyl iodide the factors E and P in the Arrhenius equation have been calculated ; 
E is practically constant, and the velocity changes depend mainly on changes in P,. 
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EXPLANATIONS of the influences of substituent alkyl groups on the reactions of organic 
compounds have recently been offered, notably by Baker and Nathan (J., 1935, 1844), 
Evans (J., 1936, 785), and Ayling (this vol., p. 1014). The last worker divides the available 
data into two classes: (a) where the alkyl group participates in the reaction and the 
normal sequence for the inductive effect (+ J) is observed, v1z., 


Me < Et < Pr* < Bu’, Pr* < Pr’, 


etc., and (b) where the group only exerts a modifying influence and the uniform sequence 
is displaced. Baker and Nathan suggested an additional electronic effect which gave 
the methyl group in the requisite system an increased capacity for electron release. This 
effect follows the sequence Me > Et > Pr® > tert.-Bu (see also Baker, Dippy, and Page, 
J., 1937, 1774). Ayling pointed out that the greatest abnormality often occurs when the 
n-propyl group is the substituent, and offered an explanation based on the operation 
of a field effect, which from geometrical considerations would be greatest with the ”-propyl 
group, in addition to the normal inductive effect. The present work records data for a 
further series of alkyl compounds, where the substituent group is isolated from the point 
of reaction. 


Details of the preparation and purification of the p-alkyldimethylanilines used herein 
are given by Davies and Hulbert (J. Soc. Chem. Ind., 1938, 57, 349). After treatment with acetic 
anhydride and steam-distillation to remove primary and secondary amines, the base was 
repeatedly fractionally distilled at reduced pressure, until a sample gave constant velocity 
coefficients over at least 70% of the whole of the reaction with methyl iodide in solution in 
aqueous acetone. A sample of p-isopropyldimethylaniline prepared from p-dimethylamino- 
benzaldehyde (Sachs and Sachs, Ber., 1905, 38, 517) gave, after two distillations, satisfactorily 
constant bimolecular velocity coefficients at 35° of mean value 5-9 (100k, 1. g.-mol.-? min.-'). 
Another sample, prepared from isopropylbenzene, gave coefficients ranging from 3-6 to 2-8 
after two distillations. However, after six distillations the coefficients became reasonably 
constant at a mean value of 6:1. 

Dissociation constants at 20° of the p-alkyldimethylanilines were determined by the method 


described by Davies and Addis (J., 1937, 1622). A solution of the base in 50% alcohol (50 
vols. of absolute ethyl alcohol diluted to 100 vols. with water) was titrated electrometrically 
with n/50-hydrochloric acid in 50% alcohol, a glass electrode being used with a saturated potas- 
sium chloride—-calomel half cell as reference electrode. The dissociation constant given in 
Table I is a mean value of pg = PR + log Coat/Chase (Where necessary the form corrected for 
hydrolysis was used) obtained with 5 or 6 determinations of pq with successive additions of hydro- 
chloric acid in a titration of the base. 


TABLE I. 
Dissociation Constants of Bases R-C,H,*-NMe, at 20°. 
Solvent: 50% alcohol. Titrant: N/50-hydrochloric acid. 


G. of Mean vari- G. of Mean vari- 
base / Mean ation from base/ Mean ation from 
100 c.c. Pr: mean px. . 100 c.c. pr. mean px. 
0-2045 4-22* +0-025 0-2126 4-77§ +0-02 
0-2106 4-77 fT 0-05 0-1973 4-62 0-03 
0-1972 4-69 0-01 ' . 4-62 0-01 
0-2034 4-43 0-02 , 4-19 0-01 
0-2004 4-78 0-025 tert.-Bu : 4-65 0-02 
* Davies and Addis (loc. cit.) gave 4-21. + Davies and Addis gave 4-77. 
} Base prepared from isopropylbenzene § Base prepared from p-dimethylaminobenzaldehyde. 


Table II summarises the results obtained for measurements of reaction velocity between 
methyl iodide and the p-alkyldimethylanilines in aqueous acetone solution. The bimolecular 
velocity coefficient & is in 1. g.-mol. min.-', and the values of log,,PZ and of E are derived 
from the Arrhenius equation & (time in secs.) = PZe~#/RT, At 35° and 45° the reaction vessel 
method of Davies and Lewis (J., 1934, 1599) was employed for the experimental work: no 
corrections for solvent thermal expansion or initial time of mixing are necessary with this 
method. The initial concentration of each reactant was 0-1 g.-mol./l. in the mixture at 35° 
or 45°. For the reaction at 55°, solutions of the reactants were prepared at room temperature, 
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TABLE 


II. 


Reaction between Methyl Iodide and p-Alkyldimethylanilines, R-C,H,*NMe,. 
Solvent : aqueous acetone (10 vols. of water diluted to 100 vols. with acetone). 
, 100% (1. g.-mol.-! min.—). 





45°. 55°. 
5-06 8-54 


12-3 22-5 


—_ 17-3 
6-46 11-0 
19-5 


8-35 
17-4 


TABLE III. 
p-tert.-Butyldimethylaniline and methyl iodide 
° 


p-isoPropyldimethylaniline and methyl iodide 
at 35°. 
[Base]s5° = [MeI]35- = 0-1. 
titrated with n/40-silver nitrate. 


t, AgNO,, t, AgNO;,, 
mins. Ce 100. 

92 5-2 6: 
131 6°45 6: 
197 7-9 6- 
239 8-6 6- 


Rk 
06 280 9-15 6-08 
10 363 10-0 6-09 
06 402 10-3 6-07 
08 Mean 100k = 6-08 


E. log,» PZ. 
11,670 
11,710 
11,660 
11,520 
11,690 


11,790 
11,610 


at 55 


[Base],,° = [MeI],,- = 0-0946. 
3-63 C.c. (measured at 35°) of reaction mixture 6-08 C.c. (contents of a sealed tube, volume cor- 
rected to that at 65°) titrated with n/40-silver 


t 
mins. AgNQO,, 


mins. C.c. 100k. (corr.). C.c. 


12-5 3-95 
17 5-1 
25 6-8 
33 8-1 


nitrate. 


t, 

mins. AgNO,, 
(corr.). .c. 100k. 

17°5 42 9-4 17-4 

17-7 55-5 11-0 17-5 

17-7 80 13-1 17°5 

17-4 Mean 100k = 17°5 


mixed, and aliquot portions of the mixture measured into tubes which were then sealed and 
placed in the thermostat. Actual concentrations at 55° were calculated from a knowledge of 


the thermal expansion of the solvent, and the 
true zero time was obtained graphically from 
the time—concentration curve of quaternary salt 
measurements. The initial concentration of base 
and halide at 55° in the mixture was 0-0946 
g.-mol./l. Determination of the quaternary salt 
formed was carried out as described by Davies 
and Lewis. Detailed examples are given in 
Table III. 

Relation between the Equilibrium and Rate 
Constants—Hammett and Pfluger (J. Amer. 
Chem. Soc., 1933, 55, 4079) showed that a 
simple relationship exists between the rate 
constants of one series of reactions and the 
equilibrium constants of another distinct, 
though related, series. Hammett (Chem. 
Reviews, 1935, 17, 125; J. Amer. Chem. Soc., 
1937, 59, 96; Trans. Faraday Soc., 1938, 34, 
156) later included several other reaction series, 
and pointed out limits to the range of structural 
variation permissible. Davies and Addis (loc. 
cit.) showed that a linear relation held between 
the px of dimethylaniline (in 50% alcohol) 
and its #-substituted derivatives (MeO, Me, 
H, Hal.) and the logarithm of the bimolecular 
velocity coefficient of the reaction between 
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16 78 
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Dissociation constants and velocity coefficients of 
reaction with methyl iodide of p-alkyldi- 
methylanilines. 


the base and methyl iodide (in 90% 
acetone). The figure shows that the points corresponding with the present measurements 
with the various p-alkyldimethylanilines are grouped around the line drawn through 
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the points for the measurements of Davies and Addis: departures from linearity are quite 
small. It is concluded that the polar effect of the alkyl groups is similar for the two reactions 
(salt formation and basic hydroxide formation). 

Sequence of Alkyl Groups.—Since alkyl groups are feebly electron-repelling, it would 
be expected that the reactivity of dimethylaniline towards methyl iodide should be en- 
hanced by the substitution of p-alkyl groups. Basic strength should likewise be increased.* 
The one exception is p-isobutyldimethylaniline, which has practically the same reactivity 
and basic strength as the unsubstituted base. 

Considering the relative effects of the different alkyl groups the sequence is 
Me > Pr® > ¢#ert.-Bu, Et > Bu* > Pr* > H ~ isoBu, which is not the order expected 
if the sole electronic effect of the alkyl groups is the inductive effect. Steric effects are not 
considered to be of importance, since the substituent is so far isolated from the point of 
reaction. It must be concluded that in this reaction there is an additional effect associated 
with the alkyl groups which tends to give methyl a large positive effect. Baker and Nathan 
(loc. cit.) obtained the following order for the effect of the substituent on the velocity of 
the reaction between p-alkylbenzyl bromides and pyridine : 


Me > Et > Pr® > ¢#ert.-Bu > H. 


They suggested that, when a methyl group occurs in the requisite conjugated system, 

there operates a type of tautomeric effect (+ 7) in addition to the normal inductive effect 

of the group. The effect decreases with the higher radicals. The abnormal sequences 

“ CH obtained may be due therefore to a superimposition of the two 

H thi Vs ~ \ Nw 3 electronic effects. For dimethyl-f-toluidine the additional effect 

7 \ 7 ‘4 CH would be represented as in (I). It should be made clear that 

(I.) La 3 the differences in reactivity are, in general, very small, since the 

electronic effects of alkyl groups are small, and further, we are tracing them at a distant 

point. We can only be certain of the general trend of the results and of some cases where 
the differences are large. 

The present results strikingly resemble those obtained by Baker, Dippy, and Page 
(loc. cit.) for the dissociation constants of the p-alkylbenzoic acids.’ The order is, as 
expected, the reverse of the present order, except in the one case of the ¢ert.-butyl 
substituent. 

The n-propyl substituent, when compared with the ethyl and the n-butyl substituent 
of the present series, appears to have a smaller positive effect than expected. This is 
probably a further example of the abnormality associated with the n-propyl group which 
was pointed out by Ayling (/oc. cit.). His explanation that there operates a field effect, 
which because of geometrical considerations is greatest with the n-propyl group, can be 
applied satisfactorily here. The terminal carbon atom and its attached hydrogen atoms 
of the #-n-propyl group are actually closest in proximity to the benzene nucleus without 
appreciable overlapping of the attached hydrogen atoms and the nucleus. The terminal 
carbon atom of the butyl group substantially overlaps, and that of the ethyl group is 
relatively distant from the nucleus. A reversed field effect was attributed to the methyl 
group by Bennett and Mosses (J., 1930, 2366). Baddeley and Bennett’s views (J., 1933, 
265) on the reversed field effect of the halogen atom operating at the #-position and being 
transmitted through the benzene nucleus are now applied to the alkyl substituent. 

An isobutyl substituent frequently causes a marked decrease in the reactivity of a 
substance (see, ¢.g., Menschutkin, Z. phystkal. Chem., 1890, 5, 589; Bennett and Reynolds, 
J., 1935, 131; Hardwick, J., 1935, 141), but in other cases the group has a normal effect 
(Olsson, Z. phystkal. Chem., 1925, 118, 99; Norris, J. Amer. Chem, Soc., 1925, 47, 837; 
1927, 49, 2640). -isoButyldimethylaniline is now seen to be of similar reactivity to 
dimethylaniline, which is much less reactive than the m- and the sec.-butyl-compound. 
An explanation following Baker and Nathan’s views shows that the capacity for electron 
release of the sec.-butyl group is greater than that for the isobutyl group, but seems in- 
adequate to account for the large difference in reactivity. 


* On account of the relation mentioned in the previous section, the subsequent discussion refers to 
the effect of the substituent group on reactivity towards methyl iodide and on basic strength. 
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Energy of Activation and Probability Factor.—It is generally agreed that in the reactions 
of a series of p-substituted benzene derivatives, the velocity changes are due almost 
entirely to changes in the energy of activation, E, and not to changes in the probability 
factor, P. Where the range of velocities with a series of p-substituted compounds is small, 
it has been pointed out that the Arrhenius equation is really inadequate, and that care 
should be taken in these cases before ascribing significance to changes in P. In the present 
series of reactions, the range of velocities is small, viz., about 1:2-5. The energy of 
activation remains almost constant, and the velocity changes are governed mainly by the 
probability factor. For instance, in introducing the -methyl group into dimethylaniline 
the greatest change in velocity is obtained : there is a slight increase in E. Since dimethyl- 
p-toluidine is a stronger base than dimethylaniline, we might expect a considerable de- 
crease in E. The increase in P in this case is sufficient to account for the whole of the 
velocity increase. 

These results should be compared with those of Baker and Nathan (loc. cit.), which they 
resemble very strikingly. The similarity of these two sets of results suggests that we are 
dealing with real departures from the generalisation mentioned above, and that changes 
in P may occur in cases where the substituent is at a point isolated from the centre of the 
reaction. 


The author thanks Mr. F. L. Hulbert, M.Sc., for assistance with the experimental work, 
and the Chemical Society for a grant. 
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350. The Electric Dipole Moments of Diphenyl Ether and Some Deriv- 
atives in the Vapour Phase ; and a Revision of the Oxygen Valency 
Angle in these Compounds. 


By I. E. Coop and L. E. Sutton. 


From the electric dipole moments of diphenyl ether and -substituted or p’- 
disubstituted derivatives it is in principle possible to calculate values of the angle 
between the C—O valencies. If no account is taken of the effect of interaction between 
the substituent groups and the ether group, the values obtained vary greatly and are 
obviously unreliable. In an earlier communication a method of making an allowance 
for this was described, which, when applied to measurements made in solution, gave 
a value of 128° + 4°. 

Owing to the fact that the solvent may have a considerable effect on the value 
observed for a dipole moment, it appeared possible that further error in the angle 
would arise from this cause, although according to current theories of the solvent 
effect this should not be serious. In order to verify the angle value, the moments 
of diphenyl ether and a number of suitable derivatives have now been determined in the 
vapour phase, and they give a corrected value of 124° + 5°, which is in satisfactory 
agreement with the earlier one. 


THE possibility of determining the oxygen valency angle in diphenyl ether from measure- 
ments of the moments of this and some derived ethers was suggested by Bergmann and his 
co-workers (Z. physikal. Chem., 1930, B, 10, 397; 1932, B, 17, 107) and by Smyth and 
Walls (J. Amer. Chem. Soc., 1932, 54, 3230). The method was critically examined by ~ 
various workers (Hampson and Sutton, Proc. Roy. Soc., 1933, A, 140, 562; Hampson, 
Farmer, and Sutton, ibid., 1933, A, 148, 147; Bennett and Glasstone, ibid., 1934, A, 145, 
71; Bennett, Trans. Faraday Soc., 1934, 30, 853; Sutton and Hampson, ibid., 1935, 31, 
945), and methods of eliminating the most important of the probable errors have been 
developed. 

The measurements have hitherto all been made in solution, and although it was certain 
that the solvent effect would modify the individual moments of the compounds, it seemed 
probable that this would have little or no effect upon the angles calculated from them 
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(Sutton and Hampson, Joc. cit.). Nevertheless, it was obviously very desirable that 
measurements of the moments in the vapour phase should be made, and this has 
accordingly been done for diphenyl ether and its p-bromo-, pp’-dibromo-, #f’-dimethy], 
p-nitro-, and p-bromo-f’-methyl derivatives. 


EXPERIMENTAL, 


Preparation and Purification of Materials——The specimens were those used in solution 
measurements (Hampson, Farmer, and Sutton, Joc. cit.). They were recrystallised as described 
therein and had the same m. p.’s, within experimental error. (The b. p. range 238—245° given 
for pp’-dibromodipheny] ether in the above paper was a misprint for 338—345°/760 mm.) 

Measurement of Dipole Moments.—The dipole moments were measured in the apparatus 
described by Coop and Sutton (this vol., p. 1269). All the compounds were solids, and the 
method of measurement was the same as that already described. The values of the total 
polarisation refer, as before, to the standard ¢ = 1-000582 for dry air, free from carbon dioxide, 
at 0° and 760 mm. 

All the compounds were rather unstable under the conditions of measurement, gaseous 
decomposition products being formed which condensed in liquid air but not at room 
temperatures. As the pressures of vapour measured were very small, even a pressure of a 
few tenths of a mm. of decomposition products was sufficient to cause serious errors. To a 
certain extent these were overcome by measuring each time the pressure and polarisation of 
the products and thus allowing for them. As a result, not only of the decomposition but also 
of the small temperature ranges possible, the optical method was adopted for calculating the 
dipole moment, the electron polarisation values being taken from Hampson, Farmer, and Sutton 
(loc. cit.) or Sutton and Hampson (/oc. cit.). For all the compounds we have adopted the con- 
vention of allowing 5% of Pz for P, (Groves and Sugden, J., 1937, 1779). In view of the absence 
of highly polar bonds, this is probably as accurate an estimate as our present knowledge allows; 
and only in the case of pp’-dibromodiphenyl ether is this uncertainty likely to cause a greater 
error than that arising from decomposition. In determining the errors in the dipole moments 
given below, an uncertainty of + 1 c.c. in the total polarisation values has been assumed, this 
being a maximum estimate. For p-nitrodiphenyl ether, which was very unstable, we have 
allowed an error of + 20 c.c. 

In the following tables, T represents the absolute temperature, N. the number of complete 
measurements at that temperature, p the pressure range to the nearest mm., P the mean observed 
polarisation, and p the dipole moment. The use of different samples is indicated by signs in 


the first column. 
TABLE I. 


I. N. ?. Fs pe I. N. P. Pr. pe. 
Diphenyl ether. — p-Bromgdiphenyl ether. 
444-5° 5 27—50 73-4 . 516-2 6 26—55 106-9 1-89 
*482-9 . 7 18—78 71-9 , *516-2 5 25—60 107-3 1-90 
7482-9 4 39—70 72-0 : , 
Pr = 52°8 c.c.; (Pa = 2°6 c.c.) ; Pz = 61-0 c.c.; (Pa = 3:05 c.c.) ; 
p = 114 + 0-02D. p = 1-90 + 0-02. 


pp’-Dibromodiphenyl ether. Di-p-tolyl ether. 

516-8 5 25—42 82-2 . 501-5 5 26—72 91-0 1-43 
*516-8 6 18—39 82-6 ; *501-5 5 ‘29—74 91-8 1-45 
Pz = 70-0 c.c.; (Pa = 3-5 c.c.); . Pz = 62-7 c.c.; (Pa = 3-1 c.c,); 

p = 0°86 + 0-05 d. p = 1-44 + 0-03. 


p-Bromophenyl p-tolyl ether. p-Nitrodiphenyl ether. 

501-5 5 23—45 140-5 ° 498-9 2 16—19 311 4-41 
*517-8 5 29—48 138-3 . *516-2 3 19—22 308 4-46 
Pz = 67:1 c.c.; (Pa = 3°35 c.c.); Pg = 62:2 c.c.; (Pa = 3-1 c.c.); 

= 2-39 + 0-02 D. p= 4444 018d. 


In view of the considerable difference between the moments of diphenyl ether as now 
reported, 1-14 p., and as given by Groves and Sugden, 1-35 pb. (J., 1937, 1782), three different 
samples were measured in the present determination. They were recrystallised several times 
without change of m. p., and several measurements were made on each sample as indicated. 
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Furthermore, the cell calibration was repeated and found to be unchanged. If, as Groves and 
Sugden’s value would indicate, there is a considerable solvent effect for diphenyl ether, then 
this would also be expected in ditolyl ether; but our value for the latter substance shows none 
and is therefore consistent with our value for diphenyl ether (cf. p. 1872). 


DISCUSSION. 


Just as with the solution data, so with the vapour data, widely differing values for the 
valency angle are obtained if no allowance is made for the effect of interaction between 
the ether group and the #-substituents in either or both benzene rings. They are given 
in Table II, where, under the headings yo, ug, and wp, are the names of the substances whose 
moments were used as the original, substituent, and total moments respectively (see 
Hampson and Sutton, loc. cit) for the several calculations of ®, the uncorrected angle 
between the ether valencies. For convenience, the angles calculated from solution 
measurements are here included. 


TABLE II. 


Ho. ys. per. Ovap.- Oscin.- 
Diphenyl ether Bromobenzene p-Bromodiphenyl ether 162° 142° 
‘ de ee pp’-Dibromodipheny] ether * 108-5° 123° 
Toluene Di-p-tolyl ether 132° 142° 
a fv Nitrobenzene p-Nitrodiphenyl ether >180° >180° 
Di-p-tolyl ether -Bromotoluene -Bromopheny] p-tolyl ether 166° 139° 


* The resultant dipole of this compound was assumed to have its positive pole towards the oxygen 
atom, 7.¢., to be anti-parallel to that of the parent ether (Sutton and Hampson, Joc. cit.). 

The values of the moments (in D.) used are: Diphenyl ether, 1-14; p- <p ny ether, 1-90; 
pp’-dibromodipheny] ether, 0-86; di-p-tolyl ether, 1-44; p-bromophenyl p-tolyl ether, 2-39; -nitro- 
diphenyl ether, 4-44; bromobenzene, 1-71 (Groves and Sugden, J., 1935, 971); toluene, 0-37 (McAlpine 
and Smyth, J. Amer. Chem. Soc., 1933, 55, 453); -bromotoluene (calc. as 1-71 + 0-37), 2-08; nitro- 
benzene, 4-23 (Groves and Sugden, J., 1934, 1094). | 


The variations in the values found from vapour and from solution data are parallel; 
thus the nitro-ether, the bromo-ether, the ditolyl ether, and the bromopheny] tolyl ether 
all give high values, while the dibromo-ether gives low ones: but the variations seem 
to be more extreme in the vapour series than in the solution series. 

If allowance for interaction of the ether and the substituent groups be made by the 
method developed previously (Sutton and Hampson, Joc. cit.), much more concordant 
values are obtained (see Table III). As before, two sets of corrected values have been 
calculated, one based on the assumption that the interaction in each substituted ring is 
the same in the mono- as it is in the di-substituted compound (8,4, = 3,¥s), and the other 
on the assumption that the interaction in the former is twice that in the latter (8,3 = 
28,us); these being the extremes between which the true state of affairs probably lies. 


TABLE III. 
3,us8 - 5.8. 54s = 28,ys- 








~ 


Parent ether and — . — 
substituted groups. Ovap.: (Asotn.) « 5,8. Ovap.- (Asoin.) « 51h. 
Diphenyl ether; bromo- 124° (132°) 0-43 118° (128°) 0-50 
Di-p-tolyl ether; bromo- (126) 0-55 125-5 (123) 0-63 


The most probable value for the angle therefore appears to be 124° + 5°. The agree- 
ment of this with the best value obtained from solution measurements, 128° + 4°, within 
the limits of error assigned, bears out very well the prediction made on the basis of the 
theory of solvent effects, and gives increased confidence in determinations of valency 
angle made by the method used above. The latest value also agrees quite well with one 
obtained by an electron-diffraction investigation of pp’-di-iododiphenyl ether (Maxwell, 
Hendricks, and Mosley, J. Chem. Physics, 1935, 3, 699) of 118° + 3°. It is therefore 
certain that the oxygen valency angle in diphenyl ether and its derivatives is considerably 
larger than that in dimethyl ether, a phenomenon which may be attributed to “‘ resonance ”’ 
(Sutton and Hampson, Joc. cit.). 
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The fact that the uncorrected angles from vapour data show a larger scatter than those 
from solution data is reflected in Table III by the values of 8,5 or 8,ug being larger also 
(cf. Sutton and Hampson, loc. cit., Table 3). E 

Attention may be directed to the fact that the moments of the several ethers are 
differently affected by solvent, as Table IV shows. For instance, those ethers, (1) and (4), 


TABLE IV. 
Hsoln.- 


A 





Hivap.: n-Hexane (ce = 1-89). Benzene (¢« = 2-27). 
(1) Diphenyl 1-14 1-18 1-16 
(2) Monobromodiphenyl 1-90 1-75 1-59 
(3) Dibromodiphenyl nae 0-86 0-43 0-28 
(4) Ditolyl 1-44 —_ 1-42 
(5) Bromopheny] tolyl 2-39 — 1-98 
(6) Nitrodiphenyl 4-44 = 4:29 


in which the main moments are those of the C-O links, and in which therefore the polar 
unit consists of two dipoles close together and each at an angle of about 60° to the axis 
of symmetry, are but little affected. On the other hand, the ethers which have also a 
polar bond or group projecting from one or both of the benzene rings have their moments 
considerably reduced by the solvent. This difference of behaviour agrees with the 
predictions of the theory of solvent effect developed by Frank (Proc. Roy. Soc., 1935, 
A, 152, 171) and by Higasi (Sct. Papers Inst. Phys. Chem. Res. Tokio, 1936, 28, 284). 


The authors wish to thank Prof. N. V. Sidgwick for his interest and advice, Imperial Chemical 
Industries Ltd. for a grant towards the cost of apparatus and materials, and the Commissioners 
of the Exhibition for 1851 for an Overseas Scholarship to one of them (I. E. C.). 
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351. The Formation of Organo-metalloidal and Similar Compounds by 
Micro-organisms. Part VI. Further Studies on the Fission of the 
Disulphide Link. 


By STANLEY BLACKBURN and FREDERICK CHALLENGER. 


The methylating action of Penicillium brevicaule in bread cultures on di-n-butyl and 
di-n-amyl disulphides gives »-butylthiol and methyl n-butyl sulphide and n-amylthiol 
and methyl »-amyl sulphide respectively, but the yields are very low. Carefully 
purified dimethyl disulphide gives methylthiol and very small quantities of dimethyl 
sulphide in cultures of the mould. The ratio of methylated alkyl sulphide to thiol 
produced in the mould cultures increases on passing from dimethyl disulphide to 
di-n-amyl disulphide. The fission of the S-S link by P. brevicaule appears to be 
a general reaction of the simple aliphatic disulphides. m-Butylthiol and isoamylthiol 
occur in the anal secretion of the skunk. 

The fission of diethyl disulphide by aqueous mercuric chloride gives EtS-HgCl,HgCl, 
and ethanesulphinic acid Et-SO,H (arising from the chlorothiol EtSCl by way of 
EtS-OH). Dimethyl disulphide behaves in a similar manner, giving Me-SO,H and 
MeS:HgCl,*HgCl,. 


It was shown by one of us and Rawlings (J., 1937, 868) that the methylating action of 
Penicillium brevicaule, previously established in the case of arsenic and selenium com- 
pounds, is also exerted on aliphatic disulphides RS‘SR (R = Et and m-Pr), which are 
converted into RSH and RSMe. These were removed in a sterile air stream and identified 
as (RS),Hg and RSMe,xHgCl, by absorption in mercuric cyanide and mercuric chloride 
respectively. 

The reaction has now been extended to di-n-butyl and di-n-amyl disulphides, which, 
in bread cultures of the mould, are converted into -butylthiol and methyl ”-butyl sulphide 
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and m-amylthiol and methyl -amy] sulphide respectively. These were removed and identi- 
fied as before. The amount of methyl alkyl sulphides is larger than that of the alkylthiols, 
but the total yield is very low. With diethyl disulphide as substrate, much passes over 
unchanged and undergoes fission in presence of mercuric chloride, so that the product 
EtS-HgCl,HgCl, accompanies the methyl ethyl sulphide mercurichloride MeSEt,2HgCl,. 
In the case of di-n-propyl disulphide very little fission-product is formed in the mercuric 
chloride (J., 1937, 870). This is still more obvious with di-n-butyl and di-n-amyl di- 
sulphides, the methyl alkyl sulphide mercurichloride being entirely free from chloromercury 
alkylthiol derivatives. 

The fission of the S-S link by P. brevicaule is therefore a general reaction of. simple 
aliphatic disulphides and, although strictly quantitative experiments were not made, the 
ratio of methylated alkyl sulphide to thiol produced by the mould undoubtedly 
increases from dimethyl disulphide to di-n-amyl disulphide. 

This biological conversion of di-n-butyl disulphide into the thiol is of interest in view 
of the occurrence of these two compounds and of tsoamylthiol in the secretion of the 
skunk (Beckmann, Pharm. Cenir., 1896, 37, 557; Aldrich J. Exper. Med., 1897, 1, 323; 
Amer. J. Physiol., 1901, 5, 457). Traces of methylthiol are also present. 

Earlier workers also state that higher homologues of methylthiol are contained, along 
with nitrogen compounds, in the secretions of various animals allied to the skunk (Nencki 
and Sieber, Monatsh., 1889, 10, 526). The zorrino, a South American marten, appears 
to produce a thiol with four atoms of carbon and probably the corresponding disulphide 
(Fester and Bertuzzi, Rev. Fac. Quim. Ind. Agrica. Santa Fé Argentina, 1936, 5, 85). 

Nord (Ber., 1919, 52, 1207). obtained n-butylthiol by addition’ of m-butaldehyde and 
ammonium sulphide to a sugar solution undergoing fermentation by yuu (see also Ber., 
1914, 47, 2264). 

When dimethyl disulphide (carefully purified from hydrogen sulphide, methylthiol 
and from polysulphides) is added to bread cultures of the mould and the usual procedure 
is then followed, the majority volatilises, giving a compound MeS-HgCl,xHgCl, with the 
mercuric chloride, but a small quantity of dimethyl sulphide, characterised as the mercuri- 
chloride, is formed. Methylthiol is also produced, the quantity being larger than that of 
the dimethyl sulphide. It was characterised as the mercury derivative (MeS),Hg. 

Many workers refer to the formation of methylthiol by bacteria. Maassen (Arb. Kats. 
Ges. Amt., 1899, 15, 500) and Herter (J. Biol. Chem., 1905—6, 1, 421) obtained it from 
peptone, Wohlgemuth (Z. physiol. Chem., 1905, 48, 469) and Kondo (Biochem. Z., 1923, 
136, 199) from cystine, but its identification was‘usually effected by colour reactions. 
Nencki and Sieber (loc. cit.) obtained it by the bacterial decomposition of meat and analysed 
the lead salt. Recently its occurrence in plants, apparently free or very loosely combined, 
has been reported by various observers. Nakamura (Biochem. Z., 1925, 164, 31) isolated 
it as the mercury derivative from the freshly crushed radish (Raphanus sativus) and 
Koolhaas, using a similar procedure, detected it in the freshly gathered leaves of several 
species of Lasianthus (tbid., 1931, 230, 446). 

The fission of diethyl disulphide by aqueous mercuric chloride (J., 1937, 869) gives 
EtS-HgCl,HgCl, and a soluble product. It was suggested that this might be ethane- 
sulphinic acid, Et-SO,H, arising from the chlorothiol, EtSCl, by way of EtS‘-OH. This has 
now been isolated through the sodium salt as p-nitrobenzylethylsulphone. The fission of 
dimethyl disulphide by mercuric chloride is similar and the methanesulphinic acid has been 
identified as -nitrobenzylmethylsulphone. The intermediate sulphenic acid R*S‘OH 
could arise directly by incipient hydrolytic fission (compare Smiles and Stewart, J., 1921, 
119, 1794) thus: R,S, + HOH = R‘SH + RS°OH, the thiol being removed as the 
insoluble R-S:HgCl,HgCl,. Such fission was demonstrated for diethyl disulphide with 
water at 170° by one of us and Taylor (J., 1937, 871). 

Similar reactions have frequently been postulated as occurring when disulphides are 
treated with alkali, ¢.g., by Otto and Rossing (Ber., 1886, 19, 1235) and by Fromm (ibid., 
1908, 41, 3403) for diphenyl disulphide, and by Price and Twiss (J., 1910, 97, 1178) in 
the case of dibenzyl disulphide. Much work has recently been published on the fission of - 
cystine by salts of mercury, silver and copper. References are given in papers by Medes 
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and Padis (Biochem. J., 1936, 30, 943) and by Lavine (J. Biol. Chem., 1937, 117, 309), 
who obtained a mercury derivative of cysteine and a slightly impure sulphinic acid 
CO,H-CH(NH,)°CH,°SO,H, from cystine and mercuric sulphate. Our results, however, 
afford the first instance of the detection of a sulphinic acid produced by fission of a simple 
aliphatic disulphide. 

The insoluble product formed from dimethy] disulphide and aqueous mercuric chloride 
is also of the type RS:HgCl,*HgCl,, but the exact value of x has not been determined. A 
double compound of this type is also formed from methylthiol and excess of aqueous 
mercuric chloride. The same, or a similar compound was obtained by Emmett and Jones 
(J., 1911, 99, 716) from ‘‘ B-trimethyl thiophosphate,”” CH,°S-PO(O-CH,),, and mercuric 
chloride. No melting point is recorded, but the analyses were in agreement with the 
formula Hg(S-CH,),,2HgCl,. If this be written as 2(CH,’S:HgCl),HgCl, its analogy to 
the products obtained by us is evident. 

From methylthiol and mercuric chloride (0-3 mol.) in water, mercury bismethylthiol, 
(CH,°S),Hg, and chloromercury methylthiol, CH,‘S-HgCl, were obtained (compare the be- 
haviour of ethyl- and -propyl-thiol; J., 1937, 869). Klason (Ber., 1887, 20, 3407) states 
that the product from the thiol and mercuric chloride is chloromercury methylthiol but 
gives no experimental details and his product may well have been a mixture. 

When dimethyl trisulphide interacts with aqueous mercuric chloride, the product is 
a mixture of chloromercury methylthiol mercurichloride, CH,*S-HgCl,«HgCl,, and the 
double compound HgCl,,2HgS (Jolibois and Bouvier, Compt. rend., 1920, 170, 1497). 

As unchanged di--butyl and di-n-amy]l disulphides volatilising from the cultures would 
react with the mercuric chloride in the absorption bottles, their behaviour to this reagent 
was studied, in water for the di-n-butyl compound and in alcohol in the case of di-n-amyl 
disulphide. The products were chloromercury -butylthiol, C,H,*S-HgCl, and chloro- 
mercury #-amylthiol respectively. Unlike the fission products of the first three dialkyl 
disulphides (J., 1937, 869; this vol., p, 1876), these contain no co-ordinated molecule of 
mercuric chloride. 

The two thiols with mercuric chloride give mixtures of the mercury salt Hg(SR), and 
the chloromercury alkylthiol, the former predominating in the case of the m-amy] derivative, 
The production of mixtures from alkylthiols and mercuric chloride appears usual (see J., 
1937, 869) and mercuric oxide or cyanide must be ‘used in order to obtain solely com- 
pounds of the type Hg(SR)p. 

Certain compounds obtained in the course of this work have not been described pre- 
viously. These are di-n-amyl disulphide, methyl n-amyl sulphide, chloromercury n-butyl- 
thiol, chloromercury n-amylthiol, methyl n-butyl sulphide mercurichloride, CH,*S°C,H,,2HgCl,, 
and methyl n-amyl sulphide mercurichloride, (probably) 3CH,°S°C;H,,,7HgCl,. The un- 
usual composition of this m-amyl derivative, observed with both the synthetic and the 
“mould” preparations, is similar to that of methyl »-propyl sulphide mercurichloride 
(J., 1937, 875). 

Ethyl ethanethiolsulphonate (diethyl disulphoxide), C,H,*SO,°S-C,H;, has hardly any 
action on aqueous mercuric chloride, but in presence of sodium acetate fission occurs, 
giving chloromercury ethylthiol mercurichloride, C,H,*S-HgCl,HgCl,, and presumably 
ethanesulphonic acid formed through the chloride. This reaction confirms the thiol- 
sulphonate structure of the disulphoxides (Smiles and co-workers, J., 1924, 125, 176; 
1925, 127, 224, 1821). 


EXPERIMENTAL. 


Preparation of Substrates and Reference Compounds.—Di-n-butyl disulphide. The di- 
sulphide was prepared by Stutz and Shriner’s method (J. Amer. Chem. Soc., 1933, 55, 1242); 
b. p. 101°/10mm. Gilman, Smith, and Parker (ibid., 1925, 47, 851) give b. p. 110—113°/15 mm. 
and Hunter and Sorenson (ibid., 1932, 54, 3364) record 93—94°/7 mm. (Found: C, 54:0; 
H, 10-2; S, 35-9. Calc.: C, 53-9; H, 10-1; S, 35-9%). It was entirely free from the thiol 
and hydrogen sulphide, giving no precipitate with lead acetate or mercuric cyanide solutions. 

Methyl n-butyl sulphide mercurichloride. Methyl n-butyl] sulphide (Ingold, Jessop, Kuriyan, 
and Mandour, J., 1933, 533) (0-4 g.) and saturated aqueous mercuric chloride (300 c.c.) gave 4 





[1938] and Similar Compounds by Micro-organisms. Part VI. 1875 


white solid, m. p. 115—116°, and 115—-116-5° on recrystallisation from benzene (Found: C, 
9-6; H, 2-2; Cl, 22-3; S, 4-8.*° C;H,,S,2HgCl, requires C, 9-3; H, 1-9; Cl, 21:9; S, 495%). 

Di-n-amyl disulphide. n-Amyl1 bromide (100 g.), alcohol (300 c.c.), and sodium thiosulphate 
(200 g.) in water (250 c.c.) were heated for 2 hours. Potassium hydroxide (94 g.) in water 
(200 c.c.) was then added, and the mixture left overnight, refluxed for 30 minutes, diluted with 
water, and extracted with ether. Removal of solvent and fractionation gave a colourless oil 
(30 g., b. p. 140-5—142°/17 mm.) free from thiols and hydrogen sulphide. The odour is less 
unpleasant than that of the lower disulphides (Found: C, 58-3; H, 10-8; S, 30-7. CyoH22S, 
requires C, 58-2; H, 10-75; S, 31-1%). 

Mercury di-n-amylihiol. This was prepared from the thiol (Mann and Purdie, J., 1935, 
1549) and excess of aqueous mercuric cyanide. It melted constantly at 66° after one crystallisa- 
tion from benzene. Mann and Purdie (Joc. cit.) also found m. p. 66°, but Wertheim (J. Amer. 
Chem. Soc., 1929, 51, 3661) gives m. p. 74—75° (Found: C, 29-7; H, 5-65; S, 15-3. Cale. : 
C, 29-5; H, 5-45; S, 15-75%). 

Methyl n-amyl sulphide. A solution prepared from sodium (4-6 g.; 1 mol.) and -amyl- 
thiol (20-85 g.; 1 mol.) in alcohol (125 c.c.) was slowly treated with methyl iodide (28-5 g. ; 
1 mol.). The mixture was left overnight, refluxed for 1 hour, and diluted with water. The 
slightly yellow oil, washed with dilute sodium hydroxide solution, then with water and dried, 
had b. p. 144-5—145-5° and was then colourless (Found : C, 60-7; H, 11-9; S, 27-2. C,H,,S 
requires C, 60-9; H, 11:9; S, 27-1%). The mercurichloride, precipitated with saturated 
aqueous mercuric chloride, melted at 125—127°, and at 126—127° after two crystallisations 
from benzene (Found: C, 9-3; H, 1-95; Cl, 21-4; S, 4:1. C,H,,S,2HgCl, requires C, 10-9; 
H, 2-1; Cl, 21-4; S, 488%. 3C,H,,S,7HgCl, requires C, 9-6; H, 1-9; Cl, 22-0; S, 4:26%). 

Dimethyl disulphide. This was required free from mono- and poly-sulphide. The method 
of Cahours (Annalen, 1847, 61, 91) and Ray and Gupta (Z. anorg. Chem., 1930, 187, 33) was 
discarded in favour of that employed by Stutz and Shriner (Joc. cit.) for di-n-butyl disulphide. 
Methyl iodide (250 g.), methyl alcohol (400 c.c.), sodium thiosulphate (525 g.) and water (500 
c.c.) were refluxed for 3 hours. Potassium hydroxide (245 g.) in water (500 c.c.) was added, and 
heating continued for an hour. Dilution with water, extraction with ether, washing with water 
and drying gave a product which on fractionation gave dimethyl disulphide as a colourless 
oil (30 g.), b.-p. 110°. This was free from methylthiol and from hydrogen sulphide, being 
unreactive to lead acetate or mercuric cyanide, and was used throughout the investigation 
(Found : C, 25-25; H, 6-5; S, 67-9. Calc.: C, 25-5; H, 6-4; S,68-1%).. Hunter and Sorenson 
(loc. cit.) give b. p. 108—108-5°/748 mm. and Riding and Thomas (J., 1923, 123, 3271) give 
b. p. 110°. 

Diethyl Disulphide and Aqueous Mercuric Chloride—From a mixture of the disulphide 
(12 g.), mercuric chloride (108 g.), and water (2000 c.c.) the solid chloromercury ethylthiol 
mercurichloride (J., 1937, 868) was separated after 14 days, and mercury removed from the 
filtrate by hydrogen sulphide. Excess of the gas was removed under diminished pressure, 
and the filtrate neutralised with sodium hydrogen carbonate and evaporated on the steam- 
bath. The residue was extracted with boiling alcohol, the extract evaporated, and the residue 
again extracted with the minimum quantity of alcohol. Final evaporation left sodium ethane- 
sulphinate. This gave no precipitate with barium chloride, gave a red colour with ferric chloride, 
decolourised iodine in potassium iodide and acidified potassium permanganate solutions, and 
with zinc and hydrochloric acid gave a strong odour of a thiol. 0-6 G. (50% excess) was heated 
with p-nitrobenzyl bromide (0-76 g.) in alcohol (5 c.c.) for 24 hours under reflux. Dilution with 
water gave a deposit which, after two recrystallisations from alcohol, melted at 133—134° 
alone and in admixture with authentic p-nitrobenzylethylsulphone of the same m. p. (D.R.-P. 
623,883). With warm sodium hydroxide it gave a deep red colour (Waldron and Reid, J. 
Amer. Chem. Soc., 1923, 45, 2408) (Found: C, 47-9; H, 4:8; N, 5-7, 5-8; S, 13-7. Calc.: 
C, 47-1; H, 4:8; N, 6-1; S, 140%). That the formation of ethanesulphinic acid was not 
due to the use of hydrogen sulphide for removing the mercury was shown by an experiment 
in which the mercury was precipitated as oxide with sodium carbonate. Treatment as before 
again yielded p-nitrobenzylethylsulphone. 

Dimethyl Disulphide and Aqueous Mercuric Chloride.—The disulphide (12-4 g.) and mer- 
curic chloride (160 g.) in water (3 1.) were left for 2 days. The white precipitate (X, 69-7 g.), 
which sintered from 141° and decomposed about 156°, was separated (see p. 1878), and the 
filtrate treated as for the ethyl compound. Extraction of the final residue with boiling alcohol 
yielded an oil which slowly solidified. This product (1-21 g.) was boiled with p-nitrobenzyl 
bromide (1-0 g.) and alcohol (5 c.c.) for 7 hours. Dilution with water gave a solid, m. p. 169— 








1876 Blackburn and Challenger: Formation of Organo-metalloidal 


170° after two crystallisations from alcohol (Found: C, 44:6; H, 3-95; S, 14:95; N, 6-6. 
Calc.: C, 44-65; H, 4:2; S, 14-9; N, 65%). -Nitrobenzylmethylsulphone melts at 171— 
172° (D.R.-P. 623,883). Ingold, Ingold, and Shaw (J., 1927, 820) give m. p. 167—168°. 

Methylthiol and Mercuric Chloride.—The thiol (0-5 c.c.) and saturated aqueous mercuric 
chloride (150 c.c., excess) were left for 15 hours. The product melted about 141° and decomposed 
at 156°, resembling the precipitate obtained from dimethyl disulphide and mercuric chloride 
(see p. 1875). Extraction with hot water left a residue, unmelted at 260°, presumably chloro- 
mercury methylthiol. = 

When the thiol (0-5 c.c.; 3 mols.) was added to aqueous 3% mercuric chloride (25 c.c.), 
the pink precipitate became white after 1 minute. Separation and extraction with hot ethyl 
acetate gave the mercaptide, m. p. 176°, and 176—177° in admixture with a specimen, m. p. 
177°, obtained from mercuric cyanide. The insoluble portion was unmelted at 260°, contained 
halogen, sulphur and mercury, and evolved methylthiol with hydrochloric acid. It was pre- 
sumably the compound CH,°S-HgCl. The pink colour of the original precipitate was due 
to a trace of hydrogen sulphide in the thiol (see J., 1937, 873). 

Dimethyl trisulphide. This was prepared from sodium trisulphide and methyl sulphate 
by Strecker’s method (Ber., 1908, 41, 1105) and fractionated five times, giving a slightly yellow 
oil, b. p. 54°/13 mm., free from hydrogen sulphide and methylthiol. Strecker gives b. p. 
60—62°/14 mm. (Found: C, 19-05; H, 4:85; S, 75:7. Calc.: C, 19-0; H, 4:8; S, 76-2%). 

Dimethyl Trisulphide and Aqueous Mercuric Chloride.—The trisulphide (1-57 g.) was added 
to mercuric chloride (25 g.) in water (500 c.c.). The odour slowly disappeared and the solid 
(D; 11-0 g.) was separated after 10 days. The filtrate contained traces of sulphuric acid. 
D was insoluble in most solvents, but hydrochloric acid dissolved a large portion, a strong 
odour of methylthiol being produced. When D was boiled with water, mercuric chloride was 
removed, indicating the presence of a compound of the type CH,-S-HgCl,*HgCl,. Extraction 
of 7-4 g. of D with boiling pyridine (70 c.c. in all) and dilution of the extracts with alcohol (250 
c.c.) gave a white solid (E). This was unmelted at 260°, gave methylthiol with hydrochloric 
acid, and was practically unchanged by cold sodium hydroxide solution but was decomposed 
on warming. After extraction of 1 g. with boiling alcohol (200 c.c.) for some hours the in- 
soluble residue was analysed (Found: C, 5-1; H, 1-1; S, 11-3. Calc. for CH,-S‘HgCl: C, 
4-2; H, 1-1; S, 11-3%). The pyridine extract of D contained mercuric chloride. The portion 
insoluble in pyridine darkened after each extraction and was finally reddish-brown and in- 
soluble in dilute nitric acid. It was soluble in potassium sulphide solution and was shown to be 
mercuric sulphide. The residue obtained from D by boiling with water also blackened gradually 
with boiling pyridine, as did also the white double compound HgCl,,2HgS. 

Diethyl Disulphoxide (Ethyl Ethanethiolsulphonate), C,H,*SO,°S-C,H,, and Mercuric Salts.— 
The disulphoxide was prepared by Kopp’s method (Amnalen, 1840, 35, 343) (Found: C, 31-35; 
H, 6-6; S, 41-2. Calc.: C, 31-1; H, 6-55; S, 41-6%). 

Mercuric chloride (7-5 g.), sodium acetate (16 g.), water (200 c.c.), and the disulphoxide 
(0-95 g.) were shaken for 2 days. As very little reaction had occurred, the mixture was left 
for a further 23 days; 0-98 g. of a white solid, m. p. 147—149° (decomp.), had then separated. 
This melted at 149—150° in admixture with the compound C,H,‘S-HgCl,HgCl,, m. p. 151°, 
and exhibited its properties (J., 1937, 869). The original reaction mixture slowly deposited 
a further 0-32 g. of solid, m. p. 146° (decomp.). The filtrate contained traces of sulphuric 
acid. 

Di-n-butyl Disulphide and Aqueous Mercuric Chloride.—The disulphide (2-67 g.) and mercuric 
chloride (20 g.) in water (450 c.c.) were shaken at intervals. A white solid formed very slowly 
and was separated (2-03 g.) when unchanged disulphide was still present. It had m. p. 177— 
177-5° (decomp.), alone and in admixture with (C) obtained from n-butylthiol and aqueous mer- 
curic chloride. The substance was unchanged in m. p. after boiling for some hours with water 
(250c.c.). The product was used in theanalysis. It gave practically no mercuric oxide with cold 
sodium hydroxide solution, but this was produced with the warm reagent. These reactions 
indicate that the compound has the composition R-S-HgCl and not R‘S-HgCl,HgCl,. It was 
insoluble in most solvents, but hydrochloric acid gave n-butylthiol (Found: C, 15-1; H, 3-1; 
S, 9-45. C,H,*S-HgCl requires C, 14:8; H, 2-8; S, 9-9%). 

n-Butylthiol and Aqueous Mercuric Chloride.—The thiol (0-85 g.) with mercuric chloride 
(10 g.; large excess) in water (200 c.c.) gave a white solid (A) (2-25 g.) which was separated 
after a few days. It gave scarcely any reaction with cold sodium hydroxide solution and 
melted indefinitely at 80—90°. The solid was repeatedly boiled with alcohol, the extract de- 
positing white crystals (B). After two crystallisations from the same solvent these melted at 
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84° and at 84—85° in admixture with authentic mercury di-n-butylthiol, m. p. 85° (see below), 
prepared from the thiol and mercuric cyanide. That portion of (A) which was insoluble in 
alcohol (C) melted at 177—177-5° (decomp.), was soluble in hydrochloric acid, evolving the thiol, 
and was shown to be chloromercury u-butylthiol (Found: C, 14:1; H, 2-8; S, 9-5, 9-4. Calc. 
for CgHy"S-HgCl: C, 14-8; H, 2-8; S, 99%). 

Di-n-amyl Disulphide and Mercuric Chloride.—The disulphide (1-74 g.) with a 10% alcoholic 
solution of mercuric chloride (200 c.c.) gave white crystals after about 24 hours. The amount | 
increased slowly during 9 days to about 0-1 g. This was separated and washed with alcohol; 
m. p. 180-5° (decomp.) (Found: S, 9-15. Calc. for C;H,,-S*-HgCl: S, 9-45%). After 53 days 
a further deposit was removed, boiled for several hours with water (300 c.c.), and separated. 
The residue melted at 180-5° (decomp.), alone and in admixture with chloromercury -amy]l- 
thiol, m. p. 180-5° (decomp.), obtained from the thiol and mercuric chloride. It was insoluble 
in most solvents (Found: C, 17-15; H, 3-3; S, 9-3. CsH,,‘S*HgCl requires C, 17-7; H, 3-3; 
S, 945%). A further quantity separated from the original filtrate on standing. 

n-Amylthiol and Mercuric Chloride——The thiol (1-67 g.) and mercuric chloride (18 g.) in 
water (400 c.c.) gave a white solid (4 g.) during 4 days. It melted very unsharply and was 
almost unaffected by cold sodium hydroxide solution. Boiling alcohol left chloromercury 
n-amylthiol, m. p. 180-5° (decomp.), not depressing the m. p. of the product obtained from 
di-n-amyl disulphide and alcoholic mercuric chloride. The alcoholic extracts gave a deposit 
which on crystallisation from benzene had m. p. 65—66°, alone and in admixture with authentic 
mercury di-n-amylthiol, m. p. 66°. Interaction in alcohol gave similar results. 

P. brevicaule Saccardo (Baarn strain A) and Di-n-butyl Disulphide.—Six 1 1. flasks, each 
containing 150 g. of bread and 20—30 c.c. of water, were sterilised, inoculated, incubated for 
4 days at 30°, and left for 1 day at room temperature. 25 C.c. of a sterile 2% suspension of 
the disulphide were then added to each flask, and sterile air (J., 1933, 96) aspirated over the 
cultures through two bottles of aqueous 4% mercuric cyanide and two of aqueous 3% mercuric 
chloride. Several experiments, each with six flasks, were set up. Precipitates formed very 
slowly in both solutions; that in the cyanide was in two cases just sufficient for a m. p. deter- 
mination, the values being 84° and 84—85°. Mercury di-n-butylthiol melts at 85° (Mann and 
Purdie, Joc. cit.). Wertheim (loc. cit.) gives m. p. 85—86°. The small amount of precipitate 
in the mercuric chloride solution was usually confined to the first bottle and deposition generally 
ceased after 3—4 weeks. Precipitates formed after this time usually consisted of an ammonia— 
mercury chloride complex resulting from the breakdown of protein in the cultures. The 
mixed mercurichlorides from five experiments (30 bread flasks) were extracted with hot benzene 
(the residue had no m. p. and appeared to be mainly inorganic), which then deposited the pure 
mercurichloride of methyl n-butyl sulphide, m. p. 115—116-5° alone and in admixture with an 
authentic specimen of the same m. p. (Found: C, 8-5, 8-75; H, 1-9, 1-8; Cl, 21-5; S, 5-0, 4-65. 
Calc. for C;H,,S,2HgCl,: C, 9-3; H, 1-9; Cl, 21-9; S, 4:95%). 

Control experiment. Di-n-butyl disulphide (25 c.c. of a sterile 2% aqueous suspension) 
was added to each of four sterilised uninoculated bread flasks. Sterile air was aspirated through 
the system into one bottle of aqueous mercuric cyanide and two of aqueous 3% mercuric chloride. 
No precipitate formed in any of the bottles during 14 days, but a trace of crystalline deposit, 
insufficient for a m. p. determination, was produced in the mercuric chloride after 29 days. 
It probably consisted of chloromercury -butylthiol arising from traces of disulphide carried 
over in the air stream. This result may be compared with that of the analogous blank experi- 
ment carried out with the more volatile and more reactive diethyl disulphide (J., 1937, 874), 
where several deposits all consisting of EtS-HgCl,HgCl, were obtained in the mercuric chloride. 

P. brevicaule Saccardo and Di-n-amyl Disulphide.—This disulphide (25 c.c. of a sterile 2% . 
aqueous suspension) was added to each of four 1 1. bread flasks previously sterilised, inoculated 
and incubated as usual. After 1 day at room temperature, volatile products were absorbed 
as before. The deposit in the cyanide solution melted at about 58°, but there was not sufficient 
for recrystallisation. Mercury di-m-amylthiol melts at 66° (see p. 1875). 

The deposits in the mercuric chloride solutions were united (0-5 g. from 24 bread cultures) 
and recrystallised from benzene, a small amount of amorphous material (resembling that 
obtained in the corresponding experiment with di-n-butyl disulphide) remaining undissolved. 
The benzene deposited crystals, m. p. 126—127° alone and in admixture with authentic methyl 
n-amyl sulphide mercurichloride of m. p. 126—127° (Found: C, 9-4; H, 1-6, 2-1; S, 4-2. 
Cale. for C,H,,S,2HgCl,: C, 10-9; H, 2:1; S, 485%. Calc. for 3C,H,,S,7HgCl,: C, 9-6; 
H, 1-9; S, 4-26%). 

Control experiment. This was carried out exactly as with di-n-butyl disulphide. After 
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66 days no precipitate had formed in the mercuric cyanide solution and only a minute precipi- 
tate, too small for examination, in the first mercuric chloride bottle. 

P. brevicaule and Dimethyl Disulphide.—The disulphide (25 c.c. of a sterile aqueous 2% 
suspension) was added to each of four bread cultures prepared as usual. After 1 day volatile 
products were absorbed as before. Precipitates formed rapidly. That in the mercuric cyanide 
(about 0-3—0-4 g. from one experiment) was confined to the first bottle. It was pure white, 
indicating the absence of hydrogen sulphide from the mould gas (see J., 1937, 873). On re- 
crystallisation from much ethyl acetate it had m. p. 177°, alone and in admixture with authentic 
mercury bismethylthiol of the same m. p. obtained from mercuric cyanide. Klason (Joc. cit.) 
gives m. p. 175° (decomp.). 

The deposits in the mercuric chloride bottles from seven experiments, involving in all 
28 1-1. bread flasks and a total of 14 g. of dimethyl disulphide, melted at various temperatures 
between 135° and 141° and decomposed at 156°. They consisted mainly but not entirely of 
the double compound CH,°S:HgCl,*HgCl, (see p. 1875). They were united and treated with 
potassium hydroxide solution ; a distinct odour of dimethyl sulphide was then noticed. Volatile 
products were removed in a stream of air and passed through one bottle of 4% mercuric cyanide 
solution and 3 of 3% mercuric chloride solution, the reaction mixture being gently warmed for 
several hours (see J., 1937, 870). No deposit formed in the mercuric cyanide at any time, 
but white crystals, too small in amount for convenient recrystallisation, formed in the first 
mercuric chloride bottle. These melted at 152—153° alone and when mixed with authentic 
dimethyl sulphide mercurichloride (m. p. 152—153°) recrystallised from benzene. Published 
details regarding the m. p. and composition of this mercurichloride are somewhat conflicting. 
Loir (Annalen, 1853, 87, 369) gives the composition (CH;),S,HgCl, and no m. p. Phillips 
(J. Amer. Chem. Soc., 1901, 23, 250) and Faragher, Morrell, and Comay (ibid., 1929, 51, 2774) 
find that the compound has the formula 2(CH;),S,3HgCl,, the m. p. being 150—151° on 
rapid heating. 

After 8—9 days reduction and methylation ceased, precipitation occurring only in the 
mercuric chloride bottles owing to fission of unchanged disulphide carried over with the air 
stream. 

Control experiment. The formation of methylthiol in the above experiment can only be 
due to the action of the mould, as the disulphide was free from this substance. That the small 
amount of dimethy] sulphide was not present in the original disulphide was shown by examination 
of the 69-7 g. of chloromercury methylthiol mercurichloride obtained from 12-4 g. of dimethyl 
disulphide as described on p. 1875. The precipitate (X) (69-7 g.) was left in contact with 600 
c.c. of saturated aqueous mercuric chloride for 3 days and separated. 29 G. were mixed with 
excess of sodium hydroxide solution, and air aspirated through the gently warmed mixture into 
one bottle of 4% mercuric cyanide solution and 2 bottles of 3% aqueous mercuric chloride. 
No precipitate formed in the absorption bottles during 5 days. The remainder of the pre- 
cipitate was treated similarly, aspiration being continued through the same absorption liquors. 
After 7 days a trace of white deposit, barely sufficient for filtration, was visible in the first 
mercuric chloride bottle. It blackened with sodium hydroxide solution, but gave no odour 
of an alkyl sulphide. This procedure should have detected any dimethyl] sulphide in the di- 
methyl disulphide, since this forms a mercurichloride which, unlike chloromercury methylthiol 

mercurichloride (CH,‘S-HgCl,*HgCl,), readily liberates dimethyl sulphide with alkali. 


The authors thank the Royal Society and Imperial Chemical Industries, Ltd., for grants 
and the Lord Kitchener National Memorial Fund and the Department of Scientific and In- 
dustrial Research for maintenance grants (to S. B.). 


Tue UNIvVERsItTy, LEEDs. [Received, September 28th, 1938.] 





352. Notes on the Dipole Moments of (a) 4: 4'-Dinitro- and 4: 4'-Di- 
cyano-diphenyls, and (b) the Isomeric Diphenyl-4 : 4'-bisdiazocyanides. 
By R. J. W. Le Févre and H. VINE. 


(a) The apparent moments in benzene solution of 4: 4’-dinitro- and -dicyano- 
diphenyl are 1-0, and 1-3, p. respectively; these results must be viewed as ‘“‘ anomal- 
ous,”’ since the molecules both have axial symmetry. 
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(b) The two forms of diphenyl-4 : 4’-bisdiazocyanide (Euler, 1907) are shown 
by dipole-moment determination to be geometrical isomerides, the less stable modi- 
fication being either the cis-cis- (I) or the tvans-cis-form (II). The formation of the 
more stable variety from the less stable has been followed by dielectric-constant 
measurement and appears to be unimolecular. 


THE measurements recorded in the two sections of this paper bear respectively on (a) 
the question of anomalous moments (cf. ‘‘ Dipole Moments,’’ Methuen, 1938, p. 93), 
and (b) the relative configurations of labile and stable diazocyanides. The two sections 
are not unrelated, since the unexpected possession of apparent polarity by the dicyano- 
and dinitro-diphenyls precludes any a priori estimates of the moments of the isomeric 
bisdiazocyanides being reasonably made. 

(a) 4:4’-Dicyano- and 4:4’ -Dinitro-diphenyls—From previous measurements of 


polarisations and refractions of certain 4 : 4’-disubstituted diphenyl compounds in benzene 


solution non-polarity has been inferred, either by the observers themselves or by reviewers, 
and the conclusion drawn that the molecules concerned are collinear. Strictly, however, 
several of these determinations contain uncertainties, and do not permit the quotation 
of results more precisely than “less than ca. 0-4 p.”” The “ apparent moments” re- 
ported for 4 : 4’-dicyano- and -dinitro-diphenyls stand apart from the others by reason 
of their magnitudes, which must have been due to something more than these ordinary 
errors. 

For the dicyano-compound the possibility was mooted (Bretscher, Helv. Physica Acta, 
1929, 2, 257) that the -C=N group is without axial symmetry, but Weissberger and 
Sangewald (J., 1935, 855), having since examined 1 : 4-dicyanobenzene in benzene solution 
(finding pPx 43-5 c.c. and [Rz]p 40-4 c.c.) have concluded that this is not so. Other 
explanations have been advanced (Bergmann, Engel, and Sandor, Z. physikal. Chem., 
1930, B, 10, 397; ibid., 1933, B, 20,151; Hampson and Sutton, Proc. Roy. Soc., 1933, 140, 
562; Weissberger, Sangewald, and Hampson, Trans. Faraday Soc., 1934, 30, 844). 

For the dinitro-compound, possibly owing to its sparing solubility, the earlier measure- 
ments are in disagreement among themselves [Williams (J. Amer. Chem. Soc., 1928, 50, 
2350; Physikal. Z., 1928, 29, 271, 683) appears to have examined one solution only]. 
The result of Weissberger and Williams (Z. phystkal. Chem., 1929, B, 3, 367) gives a smaller 
excess of total polarisation over refraction than is found in the case of 1 : 4-dinitrobenzene, 
for which the corresponding difference is ca. 7 c.c. (Le Févre and Le Févre, J., 1935, 957). 

Present knowledge of ‘‘ anomalous moments” of symmetrical molecules with equal 
but opposed polar groups suggested the desirability of repeating the measurements on 
both dicyano- and dinitro-diphenyls. This has now been done, and the apparent moments 
found as follow : 


4: 4’-Dicyanodipheny] ..............seseseeeee (4)apparent = 1-39 D. 
4:4’-Dinitrodiphenyl  ............ceseeeseeees (4) apparent = 1-0, D. 


These ‘‘ moments ”’ are definitely larger than those of analogously substituted benzenes, 
as is the case with several other similarly related pairs for which data are recorded in 
the literature. Such an order could be forecast qualitatively, whether these anomalous 
“moments ’’ were due either to the flexibility of the solute molecules under solvent bom- 
bardment (because if, ¢.g., 1: 4-dinitrobenzene were so distorted, 4 : 4’-dinitrodiphenyl 
would be likely to be more so) or to the possession by the solutes of abnormally large 
atomic polarisations (which, being roughly additive, would be greater for a larger molecule 
than for a smaller). This point is not clearly forecast by the quantitative treatments of 
anomalous solvent effects given recently by Jenkins (J., 1936, 862), Bauer (/. naren 
Physics, 1936, 4, 458), and Frank and Sutton (Trans. Faraday Soc., 1937, 38, 1307) : 
first two ignore altogether the dimensions of the solute molecule, and the last Realtones 
introduce only the cross-sectional area, which is presumably the same for a 1 : 4-disub- 
stituted benzene as for a 4:4’-disubstituted diphenyl. Nevertheless, the possibility 
achieves a high a@ priori likelihood from the latest discussion by Coop and Sutton (this 
vol., p. 1269), in which it is considered that polar links, inversely with the rigidity with 
which they are held in the molecular structure, can originate in the measuring electric 
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field a real atomic polarisation. It is obvious that a 1 : 4-disubstituted benzene will be 
qualitatively less easily bent along the 1 : 4-axis than will a 4 : 4’-disubstituted dipheny] 
along the 4: 4’-axis, in agreement with the experimental values cited above. 

Note on a Previous Paper.—We have discussed (this vol., p. 967) the significance of 
the changes of total polarisation caused by the insertion into the 4: 4’-positions of some 
2 : 2’-disubstituted diphenyl compounds of two radicals whose ‘‘ group moments ”’ lie 
along their directions of attachment to the aromatic carbon atoms; ¢.g., the polarisation 
of 2: 2’-dinitrophenyl is 623 c.c., but that of 2:4: 2’: 4’-tetranitrodiphenyl is 153 c.c, 
less, viz., 470 c.c. The measurements now recorded suggest that “‘ anomalous ”’ polaris- 
ation effects would not have accounted for more than 22 c.c. so the change in this—as in 
the other instances—probably arose from a different cause. 


Preparations and Measurements.—4 : 4'-Dicyanodiphenyl. This was prepared by a Sand- 
meyer reaction upon benzidine (Ferriss and Turner, J., 1920, 117, 1140), and purified by ex- 
traction with alcohol, crystallisation successively from pyridine, acetic acid, and pyridine, 
followed by sublimation, and recrystallisation from alcohol; it formed thin needles, m. p. 
230—238° (Doebner, Annalen, 1874, 172, 116, and Ferriss and Turner quote m. p. 234°). 

The following measurements are recorded under symbols which are explained in previous 
papers (e.g., J., 1937, 1805); the mean values of ae, and Bd, are calculated as the quotients 
X(ey. — €_)/X(w,) and X(d,, — d,)/X(w,) respectively. 

0-4860 0-8917 0-9629 
2-2725 2-2780 2-2829 2-2835 
0-87378 0-87489 0-87584 0-87603 


Whence mean ae, = 1:15, mean 8 = 0-265, and 7Po = 97 c.c.; with [Rz]p = [2 x (benzo- 
nitrile) — 2H] = 62 C.c., OPapparent = 35 C.C. 
4: 4'-Dinitrodiphenyl. This was obtained by direct nitration of diphenyl; it crystallised 
from alcohol as needles, m. p. 237—238°. 
0-0714 0-0806 0-0917 0-1172 0-1454 
2-2725 2-2729 2-2731 2-2733 2-2735 2-2735 
0-87378  0-87398  0-87396 0-87410 0-87421 0-87425 


Whence mean ae, = 0-75, mean 8 = 0-362, and 7Pxo = 87-5 c.c.; with [Rz]p as 66 c.c. 
(the found value for 2 : 2’-dinitrodiphenyl, cf. this vol., p. 967), oPspparent = 21°5 c.c. 


(b) The Isomeric Diphenyl-4 : 4'-bisdiazocyanides.—We have already (this vol., p. 431) 
examined a number of the pairs of isomeric diazocyanides, discovered by Hantzsch, and 
shown that their dipole moments support the accepted formulations. For diphenyl- 
4: 4’-bisdiazocyanide three structures are possible (I, II, III). Two forms have been 


Fp 1, 
CN (I.) CN 
O< ><> gh > DA 


NC-N N  -NC-N N-CN 
(II.) CN (III). 


described by Euler (Chem. Zenir., 1907, 78, Part I, Vol. II, 1573), one decomposing at 
98—100° and changing slowly in chloroform solution to a more stable form with a constant 
exploding point of 180°. 

Prediction of the dipole moments to be expected for the above three molecules is made 
difficult by the possibility of (a) rotation of the polar —N:N—CN units about the axes 
joining them to the diphenyl skeleton and (b) the occurrence of anomalous solvent or 
atomic polarisation effects, such as those found for the related dinitro- and dicyano- 
diphenyls. However, their relative magnitudes are clear : in the infinitudes of configuration 
which may occur during rotation, only (I) and (III) can become centrosymmetric and there- 
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fore non-polar. Of these two, the ¢vans-trans-form (III) has the N—CN groups oppositely 
directed, so the resultant group moments must nearly cancel; the cis-cis-form (I), on 
the other hand, has two considerable vectors in rotation. In cases like this the moment 
actually observed is an average of all the instantaneous molecular resultants (roughly 


given for examples of the present type by por. = 1/2 u sin 0, where two vectors of value 
u are rotating at an angle 6° to an axis joining the points in space with which they are 
associated), and for (I), where 6 is ca, 90° and p ca. 3 D., this will definitely be higher than 
for (III), where 6 and p will be both quite small. The structure shown in (II) is also likely 
to correspond to a large moment, possibly even greater than that of (I). 

In our experiments the more stable form has been obtained with a higher decomposition 
point (208°) than that recorded by Euler. Dipole-moment determinations have been 
carried out on both the modifications. These show that the less stable variety is either 
(I) or (II), while the more stable is probably (III). Preparations with the lower decom- 
position point had moments of 2-9 p. when first dissolved in benzene, but tl.3 value de- 
creased steadily on keeping, finally approaching 1-8 p. This is taken as the moment of 
the more stable form. The spontaneous isomerisation was followed by dielectric-constant 
observations and appeared to obey a unimolecular law (time of half-change, about 35 
hours at 25°); the interpretation of this, however, is complicated by the uncertainty as 
to the nature of the less stable bisdiazocyanide—it might consist of either (I) or (II), or 
a mixture of both. With the two solutions examined, crystallisation occurred suddenly 
after about 120 hours at 25°. The stable form so produced was too insoluble for dipole- 
moment measurements, and the density and dielectric-constant figures recorded on 
p. 1882 for this form are therefore values extrapolated from the velocity experiments. 


Preparation and Measurements.—‘‘ AnalaR ”’ Benzidine (10 g.) was dissolved in hot alcohol 
(80 c.c.), and 10N-hydrochloric acid (34 c.c.) added. The dihydrochloride which separated 


& 


Dielectric constants. 








Time. hours. 
Interconversion of the Diphenyl-4: 4-bisdiazocyanides in Benzene Solution at 25°. 


was bisdiazotised in the cold with sodium nitrite solution (7-8 g. in 125 c.c.), the solution filtered, 
and treated with aqueous potassium cyanide (containing 8 g.). The bisdiazocyanide separated 
as an apricot-coloured precipitate, resembling the p-halogenobenzenediazocyanides in appear- 
ance. It was dissolved in ether (in which it was not very soluble), dried (sodium sulphate), 
and cooled in carbon dioxide—alcohol, being obtained as a brick-red powder, melting and 
decomposing suddenly and vigorously at ca. 97°. It was fairly stable in air at room temperature, 
coupled very rapidly with ®$-naphthol in pure alcoholic solution, and evolved nitrogen when 
copper-bronze was added to a solution in alcohol. 
























1882 | Hutchins, Motwani, Mudbhatkal, and Wheeler : 


The more stable form was easily obtained pure by leaving a solution in dry benzene at room 
temperature for a week, during which a copious deposition of small crystals occurred. These 
were filtered off, washed with benzene, and air-dried; they formed small maroon-coloured 
needles, m. p. (explosive decomp.) 208° (after changing colour from 191° onwards), not showing 
the qualitative reactions mentioned for its isomer, and being notably less soluble in all the 
common solvents. 


Less stable form, More stable form, 





a 0 0-7960 0-7991 0-7960 
Ol pasocaecoconsnsceppee 2-2725 2-3031 2-3032 (2-2863) * 
Gp el Ma! 0-87378 0-87552 0-87553 (0-8754) * 
SMUD scsnincsabacce’ 0-34086 0-34588 0-34590 034281 
PGR siccisicad =o 253 256 151 

GEE + | esileostestecteiteed 1-49724 — 1-49824 ~~ 
eth aissiecnion 0-33503 — 0-33493 = 
SEEMS vecvepeceess am — 83-8 — 
SEY Godncecstdoinestih — 2-8, 2-8, 1-8, 


* Extrapolated from measurements made before crystallisation took place. 


The progress of the isomerisation in the case of the solution with w, = 0-00796 is illustrated 
in the attached diagram, which shows the change of dielectric constant with time. If the 
amount of change is assumed proportional to the dielectric-constant change (*), and e = 2-3031 
for time ¢ = 0 and 2-2863 for ¢ = , a plot of log (0-0168 — *) against ¢ is roughly a straight 
line. 
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353. Chalkones: Synthesis of Deoxybenzoins from Chalkones. 
By W. A. Hutcuins, D. C. Motwani, K. D. MupBHATKAL, and T. S. WHEELER. 


The possibility of conversion of chalkones into deoxybenzoins through the inter- 
mediate ketoethylene oxides and glycollic acids is found to depend on the nature of 
the substituent groups. Chalkones containing a naphthalene nucleus readily undergo 
condensation reactions, hitherto studied with the simpler, benzene chalkones only, 


BAKER and ROBINSON (J., 1932, 1798) investigated the conversion of 2 : 4-dimethoxy- 
phenyl styryl and 2: 4-dimethoxyphenyl #-methoxystyryl ketones into deoxybenzoins 
through the intermediate keto-ethylene oxides and glycollic acids, RCCO*-CH:CHR’ —> 
R-CO-CH-CHR’ —> R-C(OH)(CO,H)-CH,R’ —> R:CO-CH,R’, and stated that the yields 
‘Oo 
were almost quantitative at every stage, and that the chain of reactions involved provided 
a general method for the synthesis of a large variety of deoxybenzoins. Widman (Ber., 
1916, 49, 477) and Jérlander (ibid., p. 2782; 1917, 50, 406) had previously carried out 
the same series of reactions with the oxides of phenyl and #-anisyl styryl ketones respect- 
ively. The generality of the method was brought into question by Dodwadmath and 
Wheeler (Proc. Indian Acad, Sci., 1935, 2, 438), who found that the oxide of phenyl 
6-nitro-3 : 4-methylenedioxystyryl ketone could not be converted into a glycollic acid. 
The series of reactions has now been examined with the following six chalkones: 
phenyl -methoxystyryl ketone (1), m-nitrophenyl #-methoxystyryl ketone (2), #-tolyl 
p-methoxystyryl ketone (3), 2:4: 6-trimethoxyphenyl #-methoxystyryl ketone (4), 
8-naphthyl p-methoxystyryl ketone (5), and 2: 4-dimethoxyphenyl 3 : 4-methylenedioxy- 
styryl ketone (6). Of these chalkones, (2) did not yield an oxide, and the oxide from (5) 
could not be converted into a diketone or glycollic acid; also the oxide from (4) gave 
with alkali a very stable diketone, which, on prolonged heating with alkali, could not be 
further transformed into the glycollic acid. Murakami and Irie (Proc. Imp. Acad. Tokyo, 
1934, 10, 568) claim the synthesis of the glycollic acid, in an amorphous condition, from 
the oxide of (4). The remaining oxides underwent rearrangement to glycollic acids, and 
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the further oxidation of such acids appears to be a general reaction. It is evident from 
these results that the possibility of conversion of chalkones into deoxybenzoins is not 
independent of the nature of the substituent groups. 

The action of hydrazine hydrate, and of alcohols and acids, on some of the oxides has 
also been examined (cf. Dodwadmath and Wheeler, Joc. cit.). Condensation reactions of 
some chalkones with deoxybenzoins (cf. Hill, J., 1935, 1115), cyclohexanone (cf. Hill, loc. 
cit.), and ethyl acetoacetate (cf. Nadkarni, Warriar, and Wheeler, J., 1937, 1798) are also 
described. Chalkones of the naphthalene series, which have not hitherto been examined 
in this connection, undergo these reactions readily; on the other hand, the nitro-chalkone 
(2) is quite inert (cf. Dodwadmath and Wheeler, loc. cit., p. 440). 


EXPERIMENTAL. 


Compounds are numbered for brevity in cross-reference. Recrystallisation was from 
alcohol unless another solvent is mentioned. The compounds are colourless unless otherwise . 
stated. 

Chalkones.—The following chalkones were prepared from the acetophenone and aldehyde 
components in presence of alcoholic alkali (Sorge, Ber., 1902, 35, 1065): phenyl p-methoxy- 
styryl ketone (1) (Pond and Shoffstall, J. Amer. Chem. Soc., 1900, 22, 666); m-nitrophenyl 
p-methoxystyryl ketone (2) (Dilthey, Neuhaus, and Schommer, J. pr. Chem., 1929, 128, 235) ; 
p-tolyl p-methoxystyryl ketone (3) (Petrov, Ber., 1930, 63, 901); 2:4: 6-trimethoxyphenyl 
p-methoxystyryl ketone (4) (Bargellini, Gazzetta, 1914, 44, ii, 424); B-naphthyl p-methoxystyryl 
ketone (5), m. p. (alcohol—acetone) 95—97° (Found: C, 83:3; H, 5-6. (C, 9H,,O, requires C, 
83:3; H, 5-6%), and 2: 4-dimethoxypheny] 3 : 4-methylenedioxystyryl ketone (6) (Perkin and 
Weizmann, J., 1906, 89, 1653). All the chalkones are yellow. 

1 : 3-Diphenyl-5-p-anisyl-4 : 5-dihydropyrazole (3-5 g.) separated from-a mixture of (1) 
(5 g.), phenylhydrazine (2-5 g.), and acetic acid (30 c.c.) which had: been heated at 100° for 20 
minutes and cooled. Recrystallised from alcohol—acetone, it formed yellow needles, m. p. 
125—126° (Found: N, 8-6. C,,H,,ON, requires N, 8-5%). It dissolved in sulphuric acid to 
a light green solution and gave Knorr’s pyrazoline reaction; also it formed an unstable 
nitroso-derivative with potassium nitrite and acetic acid; it is, therefore, a pyrazoline and not 
a hydrazone (see Auwers and Voss, Ber., 1909, 42, 4417; Widman, izbid., 1916, 49, 2781). 

Oxides of the Chalkones.—A hot solution of (3) (20 g.) in alcohol (150 c.c.) and acetone 
(50 c.c.) was cooled to 40° and treated with hydrogen peroxide (30%; 20 c.c.) and 4n-sodium 
hydroxide (15 c.c.). The resulting precipitate (increased by dilution) of p-tolyl aB-epoxy-B-p- 
anisylethyl ketone (20 g.) (7) separated from alcohol—acetone in needles, m. p. 109—110° 
(Found: C, 75-9; H, 6-0. C,,H,,O, requires C, 76-1; H, 6-0%). 

The following oxides were with minor modifications similarly prepared from (1), (4), (5), 
and (6) respectively (cf. Weitz and Scheffer, Ber., 1921, 54, 2327; Baker and Robinson, J., 
1932, 1798; Dodwadmath and Wheeler, Proc. Indian Acad. Sci., 1935, 2, 438): phenyl 
aB-epoxy-8-p-anisylethyl ketone (8) (Weitz and Scheffer, loc. cit., p. 2339); 2:4: 6-trimethoxy- 
phenyl af-epoxy-$-p-anisylethyl ketone (9) [prepared by Murakami and Irie (Proc. Imp. Acad. 
Tokyo, 1934, 10, 568) from p-anisaldehyde and w-chloro-2 : 4 : 6-trimethoxyacetophenone], 
m. p. (alcohol—acetone) 118—120° (Found: C, 66-0; H, 5-8. Calc. for CygH,O,: C, 66-3; 
H, 58%); $-naphthyl «B-epoxy-B-p-anisylethyl ketone (10), m. p. (alcohol—acetone) 131° (Found : 
C, 79-1; H, 5-4. CyoH,,O, requires C, 78-9; H, 53%); and 2: 4-dimethoxyphenyl aB-epoxy-B- 
3: 4-methylenedioxystyryl ketone (11), m. p. (alcohol—acetone) 143° (Found: C, 66-0; H, 5-0. 
C,,H,,O, requires C, 65-8; H, 49%). (2) did not react with hydrogen peroxide, nor could 
the oxide be prepared by the condensation of w-bromo-m-nitroacetophenone and anisaldehyde 
in presence of sodium ethoxide by the method of Widman (Ber., 1916, 49, 477). Jérlander 
(Ber., 1917, 50, 1457) also failed to obtain oxides with chalkones derived from nitroaceto- 
phenones. 

Preparation of Diketones.—2:4:6-Trimethoxyphenyl 4-methoxybenzyl diketone (6 g.) 
separated from a solution of (9) (7 g.) in alcohol (70 c.c.), which had been heated under reflux 
for 4 hours with sodium hydroxide (3-5 c.c.) in water (14 c.c.), diluted, and acidified with dilute 
hydrochloric acid after filtration; it crystallised from acetone in pale yellow needles, m. p. 
144—145° (Found: C, 66-2; H, 6-0. C,H ,O, requires C, 66-3; H, 58%). The diketones 
obtained from (7) and (11) by similar treatment, for 4 minute only, with boiling aqueous 
alcoholic sodium hydroxide, decomposed on keeping. Phenyl 4-methoxybenzyl diketone (12) 
was similarly obtained from (8), or by the action of aqueous-alcoholic sodium hydroxide on 
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the methoxy-compound (19) (see below. Cf. Baker and Robinson, loc. cit., p. 1802). (12) had 
previously been prepared by Malkin and Robinson (J., 1925, 127, 374) by the action of 
hydrogen bromide in acetic acid on phenyl £ : 4-dimethoxystyryl ketone.. (10) yielded neither 
a diketone nor a glycollic acid on treatment with alcoholic alkali; the paste obtained could 
not be purified. 2-p-Tolyl-3-p-methoxybenzylquinoxaline, m. p. 113—115° (Found: N, 8-2. 
CysHggON, requires N, 8-2%), was prepared from the corresponding unstable diketone from 
(7) by heating for 1 minute in alcoholic solution with o-phenylenediamine. 

Preparation of Glycollic Acids from the Oxides.—An alcoholic solution of (7) (10 g. in 150 
c.c.) was boiled under reflux with aqueous sodium hydroxide (30%; 15 c.c.) for 4 hours, 
diluted after cooling, and acidified to precipitate p-tolyl-p-methoxybenzylglycollic acid (13) (9-5 
g.), m. p. 153° (Found: C, 71:1; H, 6-3. C,,H,,0O, requires C, 71-3; H, 63%). 2:4- 
Dimethoxyphenyl-3 : 4-methylenedioxybenzylglycollic acid (14), m. p. 181° (Found: C, 62:4; H, 
52. C,,H,,O, requires C, 62-5; H, 5-2%), and phenyl-4-methoxybenzylglycollic acid (15) 
[previously obtained by Malkin and Robinson, loc. cit., by the action of alkali on (12)], were 
similarly prepared from (11) and (8) respectively. (14), when heated above the m. p. until 
effervescence had ceased or with acetic acid for 4 hours, lost the elements of water to yield 
3: 4-methylenedioxy-a-2' : 4'-dimethoxyphenylcinnamic acid, m. p. 176—177° (Found: C, 65-9; 
H, 5-0. C,,H,,O, requires C, 65-8; H, 4-:9%). Malkin and Robinson (loc. cit.) observed a 
similar transformation into cinnamic acid with phenylbenzylglycollic acid (cf., Jérlander, Ber., 
1917, 50, 413). 

Preparation of Deoxybenzoins.—A solution of (13) (5 g.) in acetic acid was treated with a 
solution of potassium chromate or dichromate (3 g.) which had been made with the minimum 
quantity of water and diluted with acetic acid. After 2 minutes, p-tolyl p-methoxybenzyl ketone 
(16), m. p. (alcohol—acetone) 101—103°, was precipitated by dilution (Found: C, 79-7; H, 
6-6. C,.H,,O, requires C, 80-0; H, 67%). (15), when treated similarly, gave phenyl 
p-methoxybenzyl ketone (17), previously prepared by Orékhov and Tiffeneau (Bull. Soc. chim., 
1925, 37, 1410) from s-phenyl-p-anisylglycol. 

Action of Hydrazine Hydrate on the Oxides.—4-Hydroxy-5-p-anisyl-3-p-tolyl-4 : 5-dihydro- 
pyrazole (18), m. p. 168° (Found: C, 72-5; H, 6-3; N, 9-8. C,,H,,O,N, requires C, 72-3; 
H, 6-4; N, 99%), separated from an alcoholic solution of (7) (10 g.) and hydrazine hydrate 
(10 g.) which had been heated under reflux for 5 minutes and cooled. An unstable nitroso- 
derivative, which gave Liebermann’s nitroso-reaction, separated from an acetic acid solution 
of (18) on treatment with aqueous sodium nitrite. 4-Hydvroxy-3-(2' : 4'-dimethoxyphenyl)-5- 
(3' : 4’-methylenedioxyphenyl)-4 : 5-dihydropyrazole, m. p. 151° (Found: N, 8-2. (C,,H,,0;N, 
requires N, 8-2%), was prepared in the same manner as (18) from (11) and had properties 
similar to those of (18). 4-Acetoxy-1-acetyl-3-phenyl-5-p-anisyl-4 : 5-dihydropyrazole, m. p. 
125—126° (Found: N, 7-9. Cg9HO,N, requires N, 7-9%), separated as an oil, which 
afterwards solidified, from a solution of 4-hydroxy-3-phenyl-5-p-anisyl-4 : 5-dihydropyrazole 
[prepared from (8) by Freudenberg and Stoll, Amnalen, 1924, 440, 38] in acetic anhydride 
which had been boiled for 5 minutes and poured into water. (10) yielded on treatment with 
alcoholic hydrazine hydrate an unstable compound which gave Knorr’s pyrazoline test when 
freshly prepared. The crystalline compound obtained by heating (9) with hydrazine hydrate 
in acetic acid did not give Knorr’s test and was not further examined. 

Preparation of Pyrazoles from Pyrazolines.—5-p-A nisyl-3-p-tolylpyrazole, m. p. 170° (Found : 
C, 77-1; H, 60; N, 10-5. C,,H,,ON, requires C, 77-2; H, 6-1; N, 10-6%), separated on 
dilution of an alcoholic solution of (18) (5 g.) and sodium ethoxide (0-5 g. of sodium) which 
had been boiled under reflux for 1} hours. 5-p-Anisyl-3-8-naphthylpyrazole, m. p. 232° 
(Found: N, 9-4. Cy9H,,ON, requires N, 9-3%), was similarly prepared from the unstable 
hydroxypyrazoline derived from (10). 

Actions of Alcohols on the Oxides.—The solution formed by shaking a suspension of (8) 
(2 g.) in methyl alcohol (10 c.c.) with a mixture of methyl alcohol (5 c.c.) and sulphuric acid 
(3 c.c.) was heated at 40° for 3 hours, diluted slightly, and kept at 0° for some days, until phenyl 
a-hydroxy-B-methoxy-B-p-anisylethyl ketone (19), m. p. 87—89° (Found: C, 71-0; H, 6-2. 
C,,H,,0O, requires C, 71-3; H, 6-3%), which first separated as an oil, solidified. 2: 4-Di- 
methoxyphenyl a-hydroxy-B-methoxy-B-3 : 4-methylenedioxyphenylethyl ketone, m. p. (methyl 
alcohol) 200° (Found: C, 63-2; H, 5-6. Cy, 9H,.O, requires C, 63-3; H, 5-6%), and 2: 4- 
dimethoxyphenyl a-hydroxy-B-ethoxy-B-3 : 4-methylenedioxyphenylethyl ketone, m. p. 172° (Found : 
C, 64-2; H, 5-9. Cy 9H,,O, requires C, 64-1; H, 5-9%), were similarly prepared from (11), 
methyl and ethyl alcohol respectively being used. 

Action of Fatty Acids on the Oxides.—p-Tolyl a-hydroxy-B-acetoxy-B-p-anisylethyl ketone, 
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m. p. 103—105° (Found: C, 69-8; H, 6-1. Cj, 9H,.O, requires C, 69-4; H, 6-1%), separated 
as a paste from a solution of (7) in acetic acid which had been boiled under reflux for 4 hour, 
kept for 2 hours, and then diluted. 2: 4-Dimethoxyphenyl a-hydroxy-B-formoxy-B-3 : 4-methyl- 
enedioxyphenylethyl ketone, m. p. (acetic acid) 212° (Found: C, 60-3; H, 4-9. C,,H,,0, 
requires C, 60-8; H, 4:8%), was similarly prepared from (11) and formic acid. 

Condensation of Chalkones with Deoxybenzoins.—1 : 5-Diketo-1 : 5-diphenyl-2 : 3-di-p-anisyl- 
pentane (3 g.) separated as a paste, which solidified after it had been boiled with alcohol, from 
a mixture of (1) (3 g.), (17) (3 g.), and alcohol (30 c.c.) in which sodium (0-25 g.) had been 
dissolved; it crystallised from alcohol—acetone in needles, m. p. 165—166° (Found: C, 80-2; 
H, 6-2. C3,H,,O, requires C, 80-0; H, 6-0%). 

The following were similarly prepared and crystallised from alcohol—acetone: 1 : 5-diketo- 
5-phenyl-2 : 3-di-p-anisyl-1-p-tolylpeniane [from (1) and (16)], m. p. 146—147° (Found: C, 
80-1; H, 63. C3gH 3,0, requires C, 80-3; H, 6-3%); 1: 5-diketo-1 : 2-diphenyl-3-p-anisyl-5-p- 
tolylpentane [from (3) and deoxybenzoin], m. p. 152—153° (Found: C, 82-8; H, 6-3. 
C3,H,,0; requires C, 83-0; H, 6-2%); 1: 5-diketo-2 : 3-di-p-anisyl-1 : 5-di-p-tolylpentane [from 
(3) and (16)], m. p. 1560—151° (Found: C, 80-4; H, 6-3. C,;H;,0, requires C, 80-5; H, 6-5%); 
and 1: 5-diketo-3-phenyl-5-0-hydroxyphenyl-2-p-anisyl-1-p-tolylpentane [from o-hydroxyphenyl 
styryl ketone and (16)], m. p. 167—168° (Found: C, 80-1; H, 6-0. C,,H,,0, requires 
C, 80-0; H, 6-0%)}; the alcoholic solution gave a brown coloration with ferric chloride. 

2-Methoxy-l-acetonaphthone (Noller and Adams, J. Amer. Chem. Soc., 1924, 46, 1892) 
condensed with benzaldehyde in aqueous alcoholic alkali (Sorge, loc. cit.) to give 2-methoxy-1- 
naphthyl styryl ketone (20), which separated from alcohol—acetone in yellow needles, m. p. 
140—142° (Found: C, 83-0; H, 5-7. C,. 9H,,O, requires C, 83-3; H, 56%). 1: 5-Diketo-3- 
phenyl-2-p-anisyl-1-p-tolyl-5-(2'-methoxy-1'-naphthyl)pentane [from (20) and (16)] (Found: C, 
81:5; H, 6-0. C3,H,,0, requires C, 81-8; H, 6-1%) had m. p. 156—157° after recrystallisation 
from alcohol—acetone. 

2:3: 6-Triphenyl-4-p-anisylpyridine, m. p. (alcohol—chloroform) 188—189° (Found: C, 
86-8; H, 5-7; N, 37. C39H,,ON requires C, 87-1; H, 5-6; N, 3-4%), separated from an 
alcoholic solution of 1: 5-diketo-1 : 2: 5-triphenyl-3-p-anisylpentane [from (1) and deoxy- 
benzoin; see Dilthey et al., J. pr. Chem., 1934, 141, 331] which had been heated at 140—145° 
in a sealed tube with an equal weight of hydroxylamine hydrochloride for 5 hours (cf. 
Knoevenagel, Annalen, 1894, 281, 25). 

Condensation of Chalkones with cycloHexanone.—2-(8-Benzoyl-a-p-anisylethyl)cyclohexanone 
(10 g.) (Found: C, 78:7; H, 7-3. C,,H,,O3; requires C, 78-6; H, 7-1%) separated when a 
mixture of (1) (10 g.), cyclohexanone (20 c.c.), alcohol (150 c.c.), and aqueous sodium hydroxide 
(30 g.; 50%) which had been prepared at 40° and kept for 3 hours was poured into water 
(11.); it had m. p. 140—141° after crystallisation from alcohol-acetone. 2-(8-p-Toluoyl-a-p- 
anisylethyl)cyclohexanone, m. p. 133—134° (Found: C, 78-8; H, 7-6. C,,;H,,0, requires C, 
78:8; H, 7-4%), 2-(8-naphthoyl-a-phenylethyl)cyclohexanone, m. p. 155—156° (Found: C, 84-0; 
H, 6-9. C,,;H,,O, requires C, 84-3; H, 6-7%), and 2-(8-naphthoyl-a-p-anisylethyl)cyclohexanone, 
m. p. 128—130° (Found: C, 80-9; H, 6-7. C,.H,,0,; requires C, 80-8; H, 6-7%), were 
similarly prepared from (3), B-naphthyl styryl ketone [(21); m. p. 105—107°, prepared from the 
components in alkali solution (Found: C, 88-5; H, 5-7. C,,H,,O requires C, 88-4; H, 5-4%) 
(Shenoi, private communication) ], and (5) respectively. 

Condensation of Chalkones with Ethyl Acetoacetate——Ethyl 6-phenyl-4-8-naphthyl-A*-cyclo- 
hexen-2-one-1-carboxylate, m. p. 174—175° (Found: C, 81-2; H, 6-0. C,,H,,0, requires C, 
81-1; H, 5-9%), separated from an alcoholic solution of (21) (2-5 g.), ethyl acetoacetate (2-5 
g.), and sodium ethoxide (0-3 g. of sodium) which had been heated under reflux for 30 minutes 
and cooled. Ethyl 6-p-anisyl-4-B-naphthyl-A*-cyclohexen-2-one-1-carboxylate, m. p. (alcohol— 
acetone) 145—147° (Found: C, 78-1; H, 5-8. C,.H,,O, requires C, 78-0; H, 6-0%), and 
ethyl 6-phenyl-4-(1'-hydroxy-2'-naphthyl)-A’-cyclohexen-2-one-1-carboxylate, m. p. (alcohol- 
acetone) 165—167° (Found: C, 77-1; H, 5-8. C,,H,,O, requires C, 77-7; H, 5-7%), were 
similarly prepared from (5) and 1l-hydroxy-2-naphthyl styryl ketone (Kostanecki, Ber., 1898, 
31, 706). 
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354. The Stereochemistry of Quadricovalent Atoms: Thallium. 
By E. G. Cox, A. J. SHORTER, and W. WARDLAW. 


From the small separation of thallium atoms found by X-ray analysis of tetra- 
kisthioureathallous nitrate and chloride it is inferred that if, as the chemical evidence 
indicates, these are typical 4-co-ordinated compounds of the type [TIR,]X, then the 
four valencies of the thallous atom are coplanar. The data for dimethylthallic acetyl- 
acetone, which has also been studied, are less conclusive, but are in agreement with 
the view that the four valencies of tervalent thallium are distributed tetrahedrally. 


It has recently been shown for several metals that a change of principal valency is 
accompanied by a change in the configuration of quadricovalent derivatives; for example, 
in quadricovalent compounds of univalent copper the four bonds to the cuprous atom 
appear to have a tetrahedral distribution, whereas cupric co-ordination complexes exhibit 
a planar configuration. So far, no exception has been found to the rule that a tetrahedral 
valency distribution is shown by a metal atom whenever its effective atomic number in 
the complex is that of an inert gas, but the converse is not true, and no simple rule appears 
to be applicable to those cases in which the four metal valencies lie in a plane. (Fora 
summary of previous results, see Cox and Wardlaw, Science Progress, 1938, 32, 463). 

This paper records the results from an investigation of some quadricovalent derivatives 
of thallium in its univalent and its tervalent state. The number of such compounds 
available is not large, and detailed X-ray studies are difficult on account of the high atomic 
number (81) of the thallium atom. Nevertheless, the present results show that in the 
thallous compounds studied the four metal valencies are coplanar (or approximately so). 
Further, as tervalent thallium in its 4-covalent derivatives has an effective atomic number 
of 86, i.e., that of radon, it would be anticipated that the bond distribution would be 
tetrahedral, and the experimental results are fully consistent with this view. 

The only thallous compounds found suitable for investigation were the thiourea 
derivatives [Tl 4CS(NH,),]X first prepared by Rosenheim and Léwenstamm (Z. anorg. 
Chem., 1903, 34, 72); of these, the nitrate and the chloride were examined. In neither 
case was a complete investigation possible on account of the small size of the crystals 
obtained, but it was found that in both substances the shortest distance of separation of 
thallium atoms was 4:2 a. If we assume, in accordance with all the chemical evidence, 
that in these compounds the typical quadricovalent complex [Tl 4CS(NH,),]* exists, then 
this short distance of separation of thallium atoms completely excludes the possibility of a 
tetrahedral disposition of the thiourea groups around the central atom, and shows that the 
four thalljum bonds must be coplanar (or very nearly so). It may be noted that the 
possibility of the intercalation of an anion between successive thallium atoms to give 
effectively an octahedral arrangement is also excluded. The effective atomic number of 
the thallous atom in these planar quadricovalent derivatives is 88, which is the same as that 
of bivalent lead in its planar co-ordination compounds (Cox, Shorter, and Wardlaw, Nature, 
1937, 139, 72). 

As a typical quadricovalent thallic compound, dimethylthallic acetylacetone (I) was 
studiéd. This compound was first prepared by Menzies, Sidgwick, Cutcliffe, and Fox 
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(J., 1928, 1288), who demonstrated its covalent nature. The molecule in the crystalline 
state is found to have a two-fold axis of symmetry, which is consistent with either a tetra- 
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hedral or a planar configuration (it being assumed that the acetylacetone group has a 
symmetrical resonance structure); a detailed analysis is not feasible, but considerations 
of the probable method of packing the molecules into the unit cell suggest that of the two 
possibilities the tetrahedral configuration is the more likely. A dimeric formulation (II), 
either planar or tetrahedral, is excluded. 

It was thought that by replacing the méthyl groups in (I) by the larger phenyl radicals 
a more favourable substance for #istinguishing between the planar and tetrahedral 
possibilities would be obtained, and diphenylthallic acetylacetone was accordingly prepared, 
and examined crystallographically. It proved, however, to be much less symmetrical 
than the methyl derivative, and the results have not contributed to the solution of the 
problem. 

It is interesting to contrast these results with those obtained from investigations on 
the stereochemistry of gold (see Gibson, Presidential Address to the British Association, 
Section B, 1938). This element, like thallium, is well known to occur in the univalent and 
the tervalent state, but whereas in the latter state it readily forms quadricovalent 
compounds, aurous gold seems unable to attain a higher co-ordination number than two. 
Moreover, whereas four-covalent auric gold has a planar distribution of valencies, it is in 
its univalent condition that thallium displays this same configuration. Although experi- 
mental data are as yet lacking, it may reasonably be assumed that aurous gold in the four- 
covalent state would have a tetrahedral configuration, since its effective atomic number 
would be 86, as is the case for thallium in its quadricovalent thallic derivatives. 

Various interesting compounds of thallium are known which are normally formulated 
as containing the metal in both the univalent and the tervalent state, and which 
might thus afford the possibility of tetrahedral and planar co-ordination in the same 
structure, as, ¢.g., TI[TI(CN),]. Investigations on this and similar substances are now in 
progress. 


EXPERIMENTAL. 


Tetrakisthioureathallous Nitrate.—This was prepared according to the method of Rosenheim 
and Liwenstamm (loc. cit.) by mixing hot aqueous solutions of the components in molecular 
proportions, felted aggregates of fine needles being deposited on cooling [Found: Tl, 36-0; 
N, 21-6. Calc. for TINO,,4CS(NH,),: Tl, 35-8; MN, 22-1%]. The crystals exhibit straight 
extinction with moderate birefringence. Single-crystal X-ray photographs show that the unit- 
cell dimension parallel to the direction of elongation is 8-40 a., and the almost complete absence 
of the odd layer lines in these photographs indicates a very marked pseudo-periodicity of 4-20 a. 
The other cell dimensions could not be determined owing to the small size of the crystals. 

Tetrakisthioureathallous Chloride.—This substance was prepared similarly to the nitrate, 
and has similar properties, the crystals being even smaller. The periodicity along the needle 
axis was determined from X-ray measurements as 4-2 A., but it is possible that here also the true 
axis length is 8-4 a. 

Dimethylthallic Acetylacetone.—This was prepared by the method of Menzies, Sidgwick, 
Cutcliffe, and Fox (loc. cit.) from thallous acetylacetone and dimethylthallic iodide. The waxy, 
needle-shaped, flexible crystals had an indistinct m. p. (decomp.) above 205° (Found: TI, 
61-0; C, 24-5; H, 3-2; M, micro-cryoscopic in benzene, 302. Calc. for C,H,,0,T1: Tl, 61-3; 
C, 25-2; H, 39%; M, 333). The orthorhombic crystals have high birefringence (>0-24), the 
maximum refractive index being parallel to the direction of elongation (b-axis). From X-ray 
measurements, the dimensions of the unit cell, which contains four molecules, are a = 14-53, 
b = 8-45, and c = 7-87 a., and the missing reflections are {hkl} absent for h + / odd, and 
{0k0} absent for k odd. These are characteristic of the space-group B22,2 (Q°, orthorhombic 
bisphenoidal), but the crystals do not show an appreciable pyroelectric effect, so the symmetry 
is possibly higher, viz., C,, or Q,, although in such a case it would be necessary to regard the 
{00} halving as accidental. The reflections from all planes with # odd tend to be weak, 
indicating a (not very marked) halving of the b-axis, which can only be due to the distribution 
of the thallium atoms at intervals of approximately $b. This circumstance, and the difficulty of 
fitting such a molecule into the unit cell in accordance with the symmetry requirements, exclude 
the possibility of the substance being dimeric in the solid state with the configuration (II). It 
seems probable that, in accordance with the symmetry of B22,2, the thallium atoms and the 
central carbon atoms of the four chelate groups in the unit cell lie on two-fold axes parallel to 





1888 Bennister and King: Studies in Chemisorption on Charcoal. 


[a], the co-ordinates of the T1 being (, 0, 0), (#, $, 0), (4 + %, $, 4) and ($ — %, 4, 4) with x quite 
small. In addition, the cell dimensions and optical properties suggest that the carbon chains 
of the chelate groups are roughly parallel to the b-axis. Owing to their small scattering power 
compared with the remainder of the molecule, it is scarcely possible to determine the position 
of the methyl groups directly from X-ray data, but it seems that the packing together of the 
molecules in the unit cell is more satisfactory if it is assumed that the methyl groups lie in a 
plane perpendicular to that of the chelate groups, i.e., if it is supposed that the thallium atoms 
have a tetrahedral distribution of valencies. 

Diphenylthallic Acetylacetone.—This was prepared analogously to the methyl compound, 
from diphenylthallic bromide and thallous acetylacetone (Found: TI, 43-8; C, 44:2; H, 3-9. 
Calc. for C,,H,,0,T1: Tl, 44-7; C, 42-9; H, 36%). The crystals, which are noticeably harder 
than those of the methyl derivative, are triclinic symmetric combinations of a{100}, {5010}, 
c{001} and g{0I1}, tabular ona. The dimensions of the unit cell, which contains two molecules, 
are a = 10-14, b = 8-14, andc = 9-50 4.; a = 99°52’, 8B = 102°16’, and y = 80°46’ [d (calc.) = 
2-02; d (obs.) = 1-98 g./c.c.]. The molecules are asymmetric; the available data give no 
indication of their orientation in the lattice, and a detailed analysis does not appear to be 
justified. 

We are indebted to H.M. Department of Scientific and Industrial Research for a maintenance 
award to one of us (A. J. S.) 
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355. Studies in Chemisorption on Charcoal. Part XII. 
The Isoelectric Point. 


By H. L. BENNISTER and A. KING. 


The cataphoretic migration velocities of charcoals activated in moist oxygen 
at different temperatures and suspended in solutions of hydrochloric acid and of 
sodium hydroxide of various py have been measured by means of the ultramicroscope 
method. It is found that in these solutions all the charcoals are isoelectric between 
pu 3-0 and 4-0, and that there is an approach to a second isoelectric point in the neigh- 
bourhood of .pqg 1-0—1-5. The effect of the temperature of activation is marked 
in solutions of py greater than 4-0, those activated at 850° having a maximum negative 
velocity. All the charcoals examined were negatively charged in all solutions of py 
4-0 and above. ; 


SEVERAL workers, including Hauge and Williman (Ind. Eng. Chem., 1927, 19, 942), have 
pointed out that the adsorption of dissolved materials by carbon varies with the fy of 
the solution or that the effectiveness of the adsorbent depends on the potential difference 
between the carbon and the adsorbate. For instance, with increasing hydroxyl-ion con- 
centration, charcoal becomes progressively more negative and then tends to adsorb positively 
charged particles; in acid media the opposite is the case. It is important, therefore, to 
know the isoelectric point of an adsorbent and to have information as to its electrokinetic 
behaviour in acid and in alkaline solutions. 

In Part XI (this vol., p. 991) we discussed the electrokinetic properties of pure charcoals 
activated at different temperatures and suspended in pure water. This work is here 
extended to observations of similar charcoals in acid and alkaline solutions. 

Several attempts have been made to measure the isoelectric point of charcoal by various 
methods. Umetsu (Biochem. Z., 1923, 135, 442), studying electro-osmosis through filters 
of blood charcoal, found an isoelectric point at pg 3-0, but noted that sugar charcoal was 
positive throughout the pg range studied. Bovic (J. Med. Res., 1915, 33, 295) reported 
vaguely as to the buffer action of charcoal, and many other investigators have shown 
that acid solutions become less acid, and alkaline solutions less alkaline, on treatment with 
charcoal. Gyemant (Kolloid Z., 1921, 28, 103) found animal charcoal to be isoelectric at 
py 4:0, although Loeffler and Spiro (Helv. Chim. Acta, 1919, 2, 417), using citrate, phosphate, 
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and borate buffers, were unable to assign a definite pq to the isoelectric point. Later, 
Bohn (Biochem. Z., 1926, 178, 119) reported that he was unable to assign a definite iso- 
electric point to all charcoals, variations being due to changing buffer capacity of the solu- 
tions and to impurities. He showed, in particular, that the change caused by a particular 
sample of charcoal depended on the amount of buffer solution, its buffer capacity, and the 
difference between the Jy of the solution and the isoelectric point of the adsorbent. His 
results showed, as did those of Spengler and Landt (Z. ver. deut. Zucker-Ind., 1928, 78, 
81), a variation in isoelectric point from gq 5-0 to 8-9. This chaotic state of affairs is illus- 
trated by Table I, where determinations of the isoelectric point of charcoals by various 
authors are collected. 
TABLE I. 
Isoelectric point 


Author. 
Umetsu 
Gyemant 
Krezil * 
Spengler and Landt 
Bohn 


Type of charcoal. 
Blood 
Animal 
Blood 
Various 
Standard norit 


(Pu units). 


Superior norit 

Eponit special 

Carboraffin 

Beechwood (Kahlbaum) 

Animal (Merck) 

Carbovent 

U.S.A. Bureau of Standards coconut charcoal 
Pure sugar charcoals 


Krezil * 1931 


1935 


Olin, Lykins, and Munro 
1938 


Present authors 


* “Untersuchung und Bewertung technische Adsorptionsstoffe,’’ Leipzig, 1931, pp. 121, 125. 


In 1927, Miller and Bandemer (“ Colloid Symposium Monograph,” p. 76) disputed the 
very existence of the isoelectric point of charcoal. The contention was, apparently, that 
as adsorption from buffer solutions is essentially that of acid salt or alkaline salt mixtures, 
it could be assumed that pure charcoal would not reduce the alkalinity of alkaline buffers. 


_ This was based on earlier work of Miller, who had shown that pure charcoal will not ad- 
sorb alkali; this now seems doubtful, as it has been proved (King, J., 1937, 1489) that the 
adsorptive properties of pure charcoals depend on the temperature of activation, those 
activated or reactivated at low temperatures adsorbing bases, whereas those activated at 
high temperatures exclude bases. According to Miller, both pure charcoals and blood 
charcoal, from which the impurities have been removed by volatilisation, show only a 
buffering action due to adsorption of acids, 7.e., there can be no isoelectric point for either 
pure or blood charcoal; but no results are quoted in support of this contention. Olin, 
Lykins, and Munro (Ind. Eng. Chem., 1935, 27, 690), from their work on the cataphoresis 
of particles of coconut charcoal, concluded that between fg 1-5 and 5-0 charcoal has two 
isoelectric points. 

In the present work, the cataphoretic velocity has been measured for a series of pure 
charcoals activated in moist oxygen at different temperatures and suspended in aqueous 
solutions of various fy. The results are plotted in the figure. 

It is immediately obvious that, in contradiction to Miller’s statement that charcoal 
has no isoelectric point, the material is isoelectric between pq 3-0 and 4-0. Moreover, 
in spite of variations in the temperature of activation from 370° to 935° which have a 
profound effect on the adsorptive and other surface properties of charcoal, the velocity—-pq 
curve crosses the fy axis certainly within a range of 1-0 dy unit in every instance. The 
actual value of the isoelectric point is best obtained by interpolation, since with solutions 
of py 3-0—4-0, both positive and negative cataphoretic velocities were often too slow 
to permit of very accurate observation (see p. 1891), Ina number of cases, however, inter- 
mediate points were obtained within this range by careful choice of particle and diligent 
observation; these tend to confirm the interpolated parts of the curves. 

These curves, with the possible exception of that for the 370° activation, exhibit a 
marked change in direction at about py 4-0, the velocity in each case falling rapidly to 
zero. The portions below fg 4-0, however, are smooth and show a maximum positive 
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velocity at about fy 2-5; thereafter the velocity falls again towards zero and there is a 
tendency for the pq axis to be crossed again below fy 1-5. As far as could be ascertained, 
therefore, the claim made by Olin and his co-workers (loc. cit.) for a dual isoelectric point is 
substantiated by our results, although we were never actually able to obtain the second 
point owing to the incidence of electrolysis below pq 1-7. Nevertheless, the general shape 
of the curves would seem to indicate approach to isoelectric conditions below , 1:5, 
although the possibility of asymptotic approach to the axis cannot be excluded. 
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We find also that the 850° specimen, showing the steepest fall in the velocity—py, curve 
at 4-0, retains its high negative charge in a similar manner to the coconut charcoal investi- 
gated by Olin. The essential difference between the two samples apparently lies in their 
isoelectric points, our 3-2 corresponding to their 2-4. 

The effect of temperature of activation indicates, as does our previous work on aqueous 
suspensions (Part XI, loc. cit.), that the charcoal activated at 850° shows maximum negative 
charge throughout the whole of the #y range above the isoelectric point, but it is surprising 
that charcoals activated at both high and low temperatures and possessing,: therefore, 
contrasting properties, should all be isoelectric between py 3-0 and 4-0. 


EXPERIMENTAL. 


The measurement of cataphoretic migration velocity and the preparation and activation 
of the charcoal were carried out as already described (Part XI, loc. cit.). 

At first, attempts were made to measure the velocities in standard buffer solutions, but 
it was found that the concentrations of electrolytes present in these solutions, even when 
only 0-1, were sufficiently great to cause complete discharge of the particles; e.g., a charcoal 
suspended in pure water had a velocity of 1-5u/sec. per volt/cem. but was immobilised when 
suspended in a phosphate-citric acid buffer, irrespective of its py. It was then decided 
to rely on standard solutions of hydrochloric acid and sodium hydroxide, carefully checked at 
the moment of use by a glass electrode in conjunction with a valve potentiometer. In pre- 
liminary observations made with 1-g. samples of charcoals suspended in equal volumes of 
hydrochloric acid of concentration varying from 0-0001Nn to 0-02Nn, it was found that in all 
cases the mobility. of the particles was characteristic and reproducible. At concentrations of 
the acid greater than 0-02Nn, electrolysis was noted, whatever the voltage applied across the 
ends of the cell, and this disturbed the motion of the particles. The following procedure was 
then adopted. A standard weight of charcoal activated at a given temperature was placed in 
each of a series of specially cleaned test-tubes, and 25 c.c. of solutions of various pg were run 
in. The tubes were then closed with tinfoil-covered corks and shaken, after which the larger 
particles were allowed to settle out. In the meantime the pg of the supension medium was 
determined by the glass-electrode method, so quickly as to be complete before the heavier 
particles of charcoal had settled in the tubes. The “ clear ”’ charcoal suspensions were then 
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decanted into the cataphoresis cell, and the velocity of the actual particles measured in the 
field of view of the ultramicroscope. The pg range 1-3—4-3 was obtained by means of hydro- 
chloric acid solutions, readings at 6-9 were taken in redistilled water, and for the two series of 
high pg readings (10-0 and 11-0) sodium hydroxide solutions were used. Details of the observ- 
ations in one case are given in Table II, Henry’s correction (this vol., p. 997) for the level in 
the Mattson cell having been applied. Here the isoelectric point certainly lies between pg 
3-4 and 3-7. 


TABLE II. 


Temperature of activation, 730°. 
fu of suspension 
medium . 20 24 27 30 34 37 «40 
Sign of charge on 
particles 4. kL a. ob ot _ -- - - oo — 


Velocity, p/sec. per 
VOUR FING scdccsiccese 0-93 1:05 1-14 1:08 0-93 0-20 0-42 088 1:06 1:53 1-93 2-03 


IMPERIAL COLLEGE, LONDON, S.W. 7. [ Received, October 10th, 1938.] 





356. The Formation of Large Ring Monosulphides from Halogenated 
Sulphides with Extended Carbon Chains. 


By G. M. BENNETT and HERBERT GUDGEON. 


Halogenated sulphides have been synthesised in which the halogen and sulphur 
atoms are separated by chains of seven, eight, nine, ten, twelve, fourteen, sixteen and 
eighteen carbon atoms, and their behaviour on heating has been examined under 
various conditions. The products are usually substances of high molecular weight 
containing two or more atoms of sulphur per molecule, but by the use of highly diluted 
solutions in suitable solvents the formation of large ring polymethylene sulphides 
with fifteen, seventeen, and nineteen atoms in the ring has been demonstrated. The 
conditions necessary are, however, not suitable for a precise study of the velocities 
of reaction. 


In earlier papers (J., 1927, 477, 1803; 1929, 2567; this vol., p. 813) it has been shown 
that suitable chloro-sulphides with chlorine and sulphur atoms separated by four, five, 
and six carbon atoms undergo smooth ring closure at moderate temperatures in solution 
in aqueous acetone, but the only type of self-addition reaction found in certain other 
halogenated sulphides is intermolecular. Thus the product from dichlorodiethyl sul- 
phide, after loss of ethylene dichloride, is dithian, a cyclic sulphide containing two sulphur 
atoms and derived from two molecules of the parent chloro-sulphide. It is evident that 
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MeS:P-X MeX + SC MeX +S etc. 
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self-addition of two or more molecules of a halogenated sulphide must always be liable to 
occur, with production of a di- or poly-sulphide, if the conditions of the reaction or the 
properties of the cyclic monosulphide do not favour the simple first-order reaction which 
leads to its formation. The foregoing scheme shows the reactions to be expected in the 
self-addition of a halogenated sulphide such as MeS-(CH,],°Cl (which is conveniently 
written as MeS:P-X, where P is a polymethylene chain and X a halogen). All the re- 
actions are readily reversible, and the scheme should be regarded as extending indefinitely 
towards the right to yield more and more highly complex open-chain and cyclic products, 

Recent work on the closure of rings of various types with more than seven ring-mem- 
bers (Ruzicka, Helv. Chim. Acta, 1926, 9, 499, and subsequent papers; Stoll and others, 
ibid., 1934, 17, 1283; 1935, 18, 1087; 1936, 19, 253, 1079; Ziegler, Annalen, 1934, 513, 
43) has shown that the use of highly dilute solutions is the most important factor tending 
to the formation of a monomeric product, and in some cases good yields of large ring 
compounds have been obtained. We have now made use of these considerations in a study 
of the behaviour of halogenated sulphides with long carbon chains. 

A series of methyl w-halogenoalkyl sulphides was chosen for examination, earlier 
experiments having shown that self-addition of phenyl chloroalkyl sulphides is too slow, 
and that such reactions are more rapid with methyl than with ethyl sulphides. The re- 
quired hydroxy-sulphides were prepared by the action of potassium methyl mercaptide on 
the chlorohydrins of the respective glycols, the isolation of which has been described (this 
vol., p. 1679), and from these the following halogenated sulphides have been obtained : 
methyl 7-chloroheptyl sulphide, methyl 8-chloro-octyl sulphide, methyl 9-chlorononyl 
sulphide, methyl 10-chlorodecyl sulphide, methyl 12-chlorododecyl sulphide, methyl 14- 
chlorotetradecyl sulphide, methyl 16-chlorohexadecyl sulphide, and methyl 18-chloro- 
octadecyl sulphide, together with one bromo-sulphide, namely, methyl 14-bromotetradecyl 
sulphide. 

These substances, when heated alone or in solution, tend to yield, in accordance 
with expectation, polysulphides of large molecular weight derived from two to five or 
more molecules of the original substance, methyl halide being lost in the process. In 
order to examine whether the simple ring closure would take place, these halogenated 
sulphides were heated for long periods in solution at high dilution. For this purpose it 
was necessary to use a solvent of as polar a type as possible, since this would accelerate the 
otherwise slow addition of an alkyl chloride to a sulphide, and also to use as high a temper- 
ature as was practicable. The choice of a solvent was difficult. Water does not dissolve 
the substances, and the temperatures conveniently attainable with the aqueous acetone 
used in previous experiments were not high enough. Hydroxylic solvents such as butyl 
alcohol, ethylene glycol and phenol caused alcoholysis, yielding an alkoxy- or phenoxy- 
sulphide. Acetic acid proved useful, but the reactions at its boiling point were very slow. 
Subsequently, after many trials, acetophenone was adopted as solvent in spite of the 
fact that it undergoes self-condensation during the heating. 

Simple ring-closure was detected when methyl 14-bromotetradecyl sulphide was 
heated for long periods in glacial acetic acid at its boiling point. By prolonging the 
heating the free cyclic sulphide was produced by loss of methyl bromide from the sulphonium 
salt, and, together with polymeric products, tetradecamethylene sulphide was isolated. 
Evidence was also obtained that a similar reaction was taking place still more slowly when 
the corresponding chloro-sulphide was subjected to similar treatment. A more convenient 
and less tedious method was finally adopted by which the chloro-sulphides were heated at 
high dilution in boiling acetophenone solution with sodium iodide until no more methyl 
iodide was evolved. By this means the iodo-sulphide was continuously produced in small 
quantities, which immediately underwent self-reaction and subsequent loss of methyl 
iodide. The conditions were chosen, by approximate calculation from known velocities 
of related reactions, so that the rate of. formation of the iodo-sulphide should be: of the 
order of one-thousandth of the velocity of the ring closure, while the degree of dilution 
should keep reactions of the second order to negligible dimensions. Some production 
of sulphides of double or treble molecular weight was apparent, but the process did in 
fact furnish specimens of the monomeric tetradecamethylene sulphide, hexadecamethylene 
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sulphide, and octadecamethylene sulphide, which are nicely crystalline solids of low melting 
point, the first two of which have a pleasant smell of musk. 

It is well known that the odour of musk occurs in cyclic ketones with fourteen to 
eighteen atoms in the ring. A number of cyclic lactones, anhydrides, and esters have 
been found, however, to have similar odours provided that the ring size is similar (Hill 
and Carothers, J]. Amer. Chem. Soc., 1933, 55, 5039) and the number of atoms in the ring 
seems to be more important than their nature (compare Karrer, “‘ Lehrbuch der org. 
Chem.,”” 1937, 757). Hill and Carothers regarded a keto-group as essential, since re- 
duction of the ketones to the alcohols destroys the smell. The occurrence of the musky 
odour in a simple cyclic sulphide, while further illustrating the importance of ring size, 
shows the possibility of a wider choice of active groups than had previously been realised. 

Although the production of large ring sulphides from long chain halogeno-sulphides 
has thus been demonstrated, the conditions found necessary are unfortunately not suit- 
able for exact kinetic measurements. 

An examination of the chloro-sulphides with seven, eight, nine, ten and twelve carbon 
atoms in the chain, under the conditions which were found to be most favourable for the 
formation of the larger rings, showed in all cases that polymeric sulphides were formed, but 
in no case could the simple ring sulphide be detected. This is in agreement with the 
observations of Ziegler (loc. cit.) and of Spanagel and Carothers (J. Amer. Chem. Soc., 
1935, 57, 929) that rings of from eight (or nine) to thirteen members are less easily ob- 
tainable than larger ones owing, presumably, to some difficulty in packing the atoms of the 
chain suitably for ring closure. In a reaction such as that now studied, the isolation 
of the less easily formed ring compounds was not to be expected, since any sulphonium 
salt formed would always be liable’to dissociate very readily, so that the slightly congested 
“transition rings’ (of eight to thirteen members) would tend to reverse the initial re- 
action. The regenerated chloro-sulphide would again be divided between the uni- and 
the bi-molecular reaction, and even if a small amount of the monomeric cyclic sulphonium 
salt were at first formed, it might all eventually be converted into polymeric substances. 
The polymeric rings are all so large as to fall outside the “‘ transition range ’”’ and so will 
be stable and not very liable to become reconverted into simpler substances. 

The only compounds having large rings with sulphur as a member which had been 
described before we undertook these experiments contained more than one atom of sulphur 
per molecule. Autenrieth and his co-workers (Ber., 1908, 41, 4250; 1909, 42, 4346, 4357) 
isolated cyclic mercaptols of acetone with dithiopentamethylene glycol and with dithio-p- 
and -m-xylylene glycols, the rings being of sixteen and eighteen members and each sub- 
stance having four atoms of sulphur per molecule. More recently Tucker and Reid (J. 
Amer. Chem. Soc., 1933, 55, 775) found small quantities of cyclic tetrasulphides, with 
ten, fourteen, sixteen and eighteen atoms in the ring, among the products of the condens- 
ation of dithioethylene glycol and various polymethylene dibromides. 

After this work had been completed the isolation of three cyclic monosulphides, having 
thirteen, fourteen, and fifteen members in the ring, was described by Miiller and Schiitz 
(Ber., 1938, 71, 692). These substances were prepared by the direct action of alcoholic 
sodium sulphide on the polymethylene dibromides. 


EXPERIMENTAL. 


Preparation of the Chloro-sulphides.—The requisite hydroxy-sulphide was in each case 
obtained in good yield by condensing the particular chlorohydrin with potassium methyl] mercapt- 
ide in aqueous alcoholic solution and purifying the product by crystallisation or distillation, or 
both. For their conversion into the chloro-sulphides the action of thionyl chloride alone was 
found to be more satisfactory than in presence of a base (compare Clark and Streight, Trans. 
Roy. Soc. Canada, 1929, 23, 77). The chloro-sulphides showed signs of decomposition when 
distilled at about 20 mm., so lower pressures were used. It is therefore unlikely that the 
bromo- or iodo-sulphides could be distilled with safety. The chloro-sulphides all yielded mer- 
curic chloride addition compounds. These tend to give slightly high values for mercury on 
analysis even after repeated crystallisation (or perhaps because of this) : the method of analysis 
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was not at fault, since entirely satisfactory values were obtained with mercuric chloride under 
exactly similar conditions. 

Methyl 7-hydroxyheptyl sulphide, a colourless oil, b. p. 133—134°/10 mm. (Found: S, 19-6, 
C,H,,OS requires S, 19-8%), yielded methyl 7-chloroheptyl sulphide as a straw-coloured oil, 
b. p. 100—102°/3 mm. (Found: Cl, 19-8; S, 17:5. C,gH,,ClIS requires Cl, 19-6; S, 17-7%). 
The liquid had dj* 0-9969, n3”* 1-4831, whence [R]p 51-77 (Calc., 51-98). The mercurichloride 
formed white crystals, m. p. 60—61° (Found: Hg, 45-1. C,H,,Cl,SHg requires Hg, 44-4%). 
Methyl 8-hydroxyoctyl sulphide, a colourless liquid, b. p. 135—138°/10 mm., which solidified 
and crystallised from light petroleum in silvery plates, m. p. 12° (Found: S, 18-0. C,H,,.OS 
requires S, 18-2%), furnished methyl 8-chloro-octyl sulphide, b. p. 113—116°/3 mm. (Found: 
Cl, 18-5; S, 16-3. C,H,,CIS requires Cl, 18-2; S, 165%), having d2*” 0-9849, n}” 1-4821, [R] 
56-37 (calc., 56-60). The mercurichloride had m. p. 75° (Found: Hg, 43-5. C,H,,Cl,SHg 
requires Hg, 43-0%). Methyl 9-hydroxynonyl sulphide formed white plates, b. p. 138—142°/9 
mm., m. p. 22°, from light petroleum (Found: S, 16-6. Cj, ,H,,OS requires S, 16-8%), and 
was converted into methyl 9-chlorononyl sulphide, an almost colourless oil, b. p. 118—124°/2 mm. 
(Found: Cl, 17-1; S, 15°2. Cj, H,,CIS requires Cl, 17-0; S, 15-4%), d? 0-9725, n>” 1-4811, 
[R]p 61-09 (calc., 61-22). The mercurichloride had m. p. 60—62° (Found: Hg, 42-2. 
C,9H,,Cl,SHg requires Hg, 41-8%). Methyl 10-hydroxydecyl sulphide, a colourless oil, b. p. 
170—172°/13 mm., which crystallised in white plates, m. p. 25°, from light petroleum (Found : 
S, 15-5. C,,H,,OS requires S, 15-7%), was converted by. thionyl chloride into methyl 10- 
chlorodecyl sulphide, an oil, b. p. 128—131°/1 mm. (Found: Cl, 16-0; S, 14:3. ©C,,H,3,CIS 
requires Cl, 15-9; S, 144%), having dj? 0-9641, n>” 1-4802, [R]p 65-66 (calc., 65-84). The 
mercurichloride had m. p. 75—78° after several recrystallisations from alcohol (Found: Hg, 
41-8. C,,H,,Cl,SHg requires Hg, 40-6%). Methyl 12-hydroxydodecyl sulphide crystallised from 
ligroin in white plates, m. p. 49° (Found: S, 13-8. C,,;H,,OS requires S, 13-8%), and yielded 
the crude chloro-sulphide by the action of thionyl chloride (4 mols. in boiling benzene). The 
product was isolated as the mercurichloride, deposited from alcohol as a brown oil which solidified 
and was several times crystallised from the same solvent, forming white crystals, m. p. 62—64° 
(Found: Hg, 39-1. C,,H,,Cl,SHg requires Hg, 38-4%) (yield, 70%). This was decomposed 
in hot alcoholic solution by hydrogen sulphide, the organic material recovered in ether, and the 
solution washed with aqueous sodium carbonate and with water, dried over sodium sulphate, 
and evaporated. The residue was quickly distilled at 140°/1 mm.; methyl 12-chlorododecyl 
sulphide thus obtained solidified in a freezing mixture and had m. p. 3—4° (Found: Cl, 14-2; 
S, 13-0. C,,;H,,CIS requires Cl, 14-2; S, 128%), di 0-9497; nj} 1-4789, [R]p 74-84 (calc., 
75-07). In a similar way methyl 14-hydroxytetradecyl sulphide, crystallising in white plates, 
m. p. 38°, from light petroleum (Found: S, 12-3. C,,;H;,OS requires S, 12-3%), was converted 
into a chloro-sulphide, isolated as its mercurichloride, white crystals, m. p. 66° (Found: Hg, 
36-4. C,;H,,Cl,SHg requires Hg, 35-8%), from which methyl 14-chlorotetradecyl sulphide was 
recovered as a pale oil, b. p. 155°/1 mm., m. p. 13—14° (Found: Cl, 12-6; S, 11-3. C,;H;,CIS 
requires Cl, 12-7; S, 11-56%), having d%°° 0-9389, n}” 1-4780, [R]p 84-07 (calc., 84:31). Methyl 
16-hydroxyhexadecyl sulphide, white plates, m. p. 544—56° (Found: S, 10-9. C,,H,,OS requires 
S, 11:1%), gave methyl 16-chlorohexadecyl sulphide, isolated through its mercurichloride, m. p. 
72—76° (Found: Hg, 35-9. C,,H,,;Cl,SHg requires Hg, 34-8%), as an oil which could not be 
distilled without decomposition. It was freed from volatile matter by heating at 100° in a 
stream of dry air, after which it solidified and melted at 22° (Found: Cl, 11-3; S, 10-7. 
C,,H,,CIS requires Cl, 11-6; S, 10-5%). The super-cooled liquid had a? 0-9294, n>° 1-4773, 
[R]p 92-9 (calc., 93-5). Methyl 18-hydxoxyoctadecyl sulphide, separating from light petroleum 
in colourless crystals, m. p. 62° (Found: S, 9-9. C,,H,,OS requires S, 10-1%), furnished 
methyl 18-chloro-octadecyl sulphide, isolated first as the mercurichloride, m. p. 91—94° (Found : 
Hg, 34-6. C,,H,,Cl,SHg requires Hg, 33-0%). The chloro-sulphide, when recovered, solidified 
and was twice recrystallised from ethyl alcohol, forming colourless crystals, of m. p. 31° 
(Found: Cl, 10-8;-S, 9-5. Cy gH 3,CIS requires Cl, 10-6; S, 9-7%). 

Preparation of a Bromo-sulphide.—Methy] 14-hydroxytetradecy] sulphide (5 g.) was warmed 
for $ hour with phosphorus pentabromide (10 g.) in benzene (100 c.c.). After addition of a 
little water and evaporation of the benzene, the product was taken up in ether and the solution 
washed. Precipitation with alcoholic mercuric chloride gave the mercurichloride, which 
separated from alcohol in white crystals, m. p. 69—70° (Found: Hg, 34-3. C,,;H;,Cl,BrSHg 
requires Hg, 33-7%). The bromo-sulphide was recovered as usual and freed from solvents in 
a vacuum at 40° (Found: Br, 24-6. C,,;H,,BrS requires Br, 24-7%). The yield of this sub- 
stance was only 35% of that calculated: it is probable that water-soluble sulphonium salts 
and polymeric material account for much of the defect. 
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Preliminary Experiments on Heating the Chloro-sulphides in Various Solvents.—Methyl 
10-chlorodecy] sulphide (1 g.) was heated in boiling acetic acid (11., 100%, prepared by the method 
of Orton and Bradfield, J., 1927, 983) for 1 week. The residue from the evaporation of the 
solvent was taken up in ether and water, and the ethereal solution, after washing with sodium 
carbonate solution, yielded the bulk of the original substance unchanged (1 g. of crude oil 
contained Cl, 14-6%). It gave a mercurichloride, m. p. 75°, and the sulphide recovered from 
this was, after distillation, almost pure, having Cl, 15-1%. The aqueous solution left, on 
evaporation, some crystalline material, which melted with decomposition on heating, but was 
insufficient for further examination (0-01 g.). 

Methy] chlorodecyl sulphide was heated for 1 week in boiling tetrachloroethane (2 1. to 1 g. 
of solute). There was no water-soluble product. When the solution was fractionally distilled, 
a portion of the chloro-sulphide was recovered unchanged (Found : Cl, 15-6. Calc.: Cl, 15-9%) 
and a non-volatile residue (0-5 g.) was left, containing sulphur, but almost free from chlorine. 
This was polymeric material, from which no definite substance was isolated. A substance, 
b. p. 90°/10 mm., was also separated during the distillation, which crystallised and sublimed 
very readily and after recrystallisation from ethyl alcohol formed a white crystalline mass, m. p. 
104—106°, with a musty odour. Its composition is that of a nonachlorocyclohexane (Found : 
C, 18:3; H, 1-5; Cl, 79-1. C,H,Cl, requires C, 18-3; H, 0-76; Cl, 80-9%). This compound 
was not examined further, but it seems probable that it may have been formed by the loss of 
3 mols. of hydrogen chloride between 3 mols. of tetrachloroethane, which should give the 
hexachloride of s-trichlorobenzene. The hexachloride of 1 : 2: 4-trichlorobenzene is described 
as having m. p. 96° and a musty smell (Willgerodt, J. pr. Chem., 1887, 35, 415). 

The same chloro-sulphide was heated in boiling ethylene glycol (1 1. to 1 g.) continuously 
for 4days. The product was extracted in ether, and the solution washed and evaporated. The 
residual oil contained sulphur but no chlorine, and, after purification through the mercurichloride, 
m. p. ca. 60°, methyl 10-(8-hydroxyethoxy)decyl sulphide was obtained as a, pale yellow oil (Found : 
C, 62-6; H, 11-3; S, 12-7. C,,;H,,0,S requires C, 62-8; H, 11-4; S, 12-9%). 

When methyl 14-chlorotetradecyl sulphide was heated for 17 days in boiling tetrachloro- 
ethane (1-5 1. for 1-1 g.), the material was badly charred and no mercurichloride or other pure 
product was isolated. The same sulphide. was heated in boiling ethylene glycol (2-5 1. to 1 g.) 
for 17 days. By extraction with ether a brown waxy solid (0-3 g.) was obtained, containing 
sulphur but no chlorine, from which no pure substance was isolated and which may have been 
a mixture of products of interaction with the glycol and of cyclisation or polymerisation. 

Methyl chlorotetradecyl sulphide (2-1 g.) was heated with potassium iodide (1-25 g.) in 
boiling butyl alcohol (500 c.c., carefully dried) for 90 hours, and the solution washed with water 
and evaporated under diminished pressure. The waxy brown residue contained sulphur and no 
halogen and had an intense smell like that of celery. After five crystallisations from ethyl 
alcohol methyl 14-butoxytetradecyl sulphide, m. p. 60—68°, was almost free from impurity 
(Found: S, 10-1. CygH,gOS requires S, 10-1%). 

Similarly this chloro-sulphide (1-4 g.) was heated with sodium iodide in boiling phenol 
(500 c.c.) for 4 hours, the solvent evaporated, and the residue extracted with ether. The 
brown solid, after being twice crystallised from ethyl alcohol, was methyl 14-phenoxytetradecyl 
sulphide, m. p. 46—50° (Found: S, 9-3. C,,H;,OS requires S, 9-5%). 

Formation of a Cyclic Monosulphide with a 15-Membered Ring.—Methyl bromotetradecyl 
sulphide (1-5 g.) was heated for 24 hours in boiling dry acetic acid (3 1.), the solution evaporated, 
and the product extracted with ether and water. From the ethereal solution, almost the whole 
of the sulphide was recovered unchanged, giving the mercurichloride, m. p. 67—69°, not 
depressed by addition of the original mercurichloride, and yielding a bromo-sulphide which, 
recovered without distillation, was almost pure (Found: Br, 23-2. Calc.: Br, 24-6%). The 
aqueous extract yielded, on evaporation, a white crystalline deliquescent solid (0-1 g.), which 
was evidently a sulphonium salt, since it contained sulphur and ionic bromine. It gave a 
crystalline platinichloride, but not enough for analysis. The bromo-sulphide recovered as 
described above was therefore heated in boiling acetic acid (2-5 1.) for 1 week, and the products 
examined as before. Owing, no doubt, to the tendency for the sulphonium salt to dissociate 
and for methyl bromide to escape, no water-soluble substance was now found, but from the 
ether a halogen-free brown oil (0-5 g.) was obtained which partly solidified. After two crystallis- 
ations from ethyl alcohol the polymeric tetradecamethylene sulphide was an almost colourless solid 
(Found: C, 72-6; H, 12-2; S, 140; M, 542. C,,H,,S requires C, 73-5; H, 12-3; S, 14-1; 
M, 228). Addition of mercuric chloride to the alcoholic mother-liquors furnished a beautifully 
crystalline mercurichloride of the monomeric tetradecamethylene sulphide, This substance crys- 
tallised from alcohol in oblique-ended needles with a high double refraction and a straight 
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extinction, m. p. 167° after preliminary softening (yield, 0-2 g.) (Found: Hg, 47-2%). The 
sulphide was liberated and, after crystallisation from light petroleum, it formed colourless 
elongated plates with an extinction angle of 33° and m. p. 71°. The substance had a distinct 
smell of musk [Found: C, 73-5; H, 11-9; S, 14-6%; M (in camphor), 249, 241). 

Methyl chlorotetradecyl sulphide was heated similarly for 24 days in boiling dry acetic 
acid. A small quantity of a water-soluble sulphonium chloride was obtained (0-1 g.) but was 
not sufficient for purification and analysis. The ethereal extract gave chiefly the original 
chloro-sulphide and a small amount of a crystalline substance (0-02 g.) containing sulphur but 
not chlorine, m. p. 115—118°, which could not be further investigated. The mother-liquors 
from the precipitation of these sulphides with mercuric chloride deposited, on standing, some 
fine white needles of the mercurichloride of monomeric tetradecamethylene sulphide. 

This cyclic sulphide was produced most readily by the use of sodium iodide with acetophenone 
as solvent. The chloro-sulphide (2 g.) was boiled with its own weight of dry sodium iodide in 
pure dry acetophenone (500 c.c.) for 2 hours, and the solution concentrated to about 20 c.c. under 
diminished pressure. Water extracted nothing. The ethereal extract was fractionated. After 
removal of a little acetophenone, the main sulphur-containing portion of the material (1-5 g.) 
distilled up to 170°/3 mm., followed by some distillate free from sulphur, which was presumably 
a self-condensation product of the solvent. The distilled sulphides gave with mercuric chloride 
in alcohol the mercurichloride of tetradecamethylene sulphide (0-4 g.), m. p. 167°. The residue 
in the distillation flask used in the fractionation contained sulphur but hardly any halogen. 
It was a black solid which softened readily on warming and could be drawn out into long elastic 
fibres. These resembled the fibres, described by Carothers and Hill (J. Amer. Chem. Soc., 
1932, 54, 1579), given by synthetic linear “‘ condensation polymers.’’ Subsequent experiments 
showed that the period of heating in the above case was not long enough to drive off all the methy] 
halide. The addition reactions were therefore not complete and, after the acetophenone had 
been evaporated, the concentrated solution of iodo-sulphide would undergo rapid self-reaction 
with production of highly polymerised substances, which would show just these properties. 
In later experiments the heating was continued until the evolution of methyl iodide had ceased. 
No highly polymerised products then resulted. 

The evolution of methyl iodide in this process was confirmed by passing the vapour into 
dimethylaniline, crystals of phenyltrimethylammonium iodide, m. p. 210—211°, being produced. 

In another operation the chloro-sulphide, dissolved in acetophenone, was run into a solution of 
the iodide in more of the solvent kept at the b. p., but under these conditions polymerisation was 
increased and the yield of monomeric product was smaller. 

Formation of Cyclic Monosulphides with 17- and 19-Membered Rings.—Methyl 16-chloro- 
hexadecyl sulphide (1-1 g.) was boiled with sodium iodide (1 g.) in acetophenone (500 c.c.) 
until methyl iodide ceased to be evolved. The solvent was evaporated, the residue extracted 
with ether, arfd the concentrate from the latter solvent taken up in hot alcohol and left over- 
night. A dark brown, sticky substance (0-5 g.), which was deposited from solution, was recrystal- 
lised from alcolol; it then had m. p. 60—75° and showed no fibrous properties near the m. p. 
This substance contained no halogen and was a polymeric hexadecamethylene sulphide [Found : 
S, 12:1; M (in camphor), 585. C,,H 3S requires S, 125%; M, 256). 

Addition of mercuric chloride to the alcoholic mother-liquors, from which the crude polymeric 
material had been deposited, threw down a fine crystalline precipitate of a mercurichloride 
(ca. 0-4 g.). The material from three such preparations was recrystallised, and the sulphide 
liberated (0-4 g.) and purified by one distillation and two crystallisations from ethyl alcohol, 
in which it was very soluble. Hexadecamethylene sulphide was thus obtained as a solid, m. p. 
61°, having a faint smell of musk. The crystals were in small acute-angled rhombs with high 
double fefraction, or in spear-headed needles with an extinction angle of 5°. Fused on a 
microscope slide, it crystallised in large plates of variable oblique extinction showing a low 
birefringence (Found: C, 74-7; H, 12-5; S, 12:1; M, 281. C,,H;,S requires C, 74-9; H, 
12-6; S, 12-5%;°M, 256). The mercurichloride had m. p. 164—166°. 

Methyl 18-chloro-octadecyl sulphide was heated with iodide in an exactly similar manner 
in acetophenone, and the products isolated as before. The crude polymeric sulphide, after 
crystallisation from alcohol, had m. p. 60—77° and was probably a mixture of di- and tri- 
polymers (Found: S, 10-9; M, 650. C,,H;,S requires S, 11-3%; M, 284). The concentrated 
mother-liquors yielded a mercurichloride, which was recrystallised from alcohol and decomposed 
to recover the sulphide (0-4.g.)._ This was once distilled and crystallised from alcohol. Octadeca- 
methylene sulphide, so obtained, had b. p. 186°/16 mm., m. p. 74°. When fused on a slide, it 
crystallised in plates showing a high birefringence and a variable oblique extinction (Found : 
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C, 75:8; H, 12-8; S, 11-4; M, 258. C,gH3.S requires C, 76-0; H, 12-8; S, 11:3%; M, 
284). 10% of the possible yield of pure sulphide was isolated. The mercurichloride crystal- 
lised from alcohol in white needles, m. p. 121—125°. 

Behaviour of Chloro-sulphides with 7-, 8-, 9-, 10- and 12-Carbon Chains.—Methyl chloro- 
heptyl, octyl, nonyl, decyl, and dodecyl sulphides were each heated with sodium iodide in dilute 
acetophenone solution, as had proved most favourable to production of the larger rings. 
No monomeric product was detected in any case, although both the reaction mixture and the 
volatile products were carefully examined. No water-soluble material was found. The 
mercuric chloride precipitates were gummy and sometimes unworkable. In each case a dark 
brown solid polymeric product was obtained, containing sulphur but no halogen, which de- 
composed when distillation was attempted. Their molecular complexity was between twice 
and thrice that of a monomeric ring sulphide (Found for polymeride from the hasseayty? 
sulphide: M, 291. C,H,,S requires M, 130). 

Methyl chlorodecyl and chlorododecyl sulphides were also heated alone without solvent 
at 250° for 8 hours. Each gave a dark solid, which was only sparingly soluble in alcohol, 
contained sulphur but not halogen, and was more highly polymerised than those formed in 
solution (Found : for polymeride from methyl chlorodecyl] sulphide, M, 680; from chlorododecyl 
sulphide, M, 825. Cy HS and C,,H,,S require M, 172 and 200 respectively). 


The authors thank the Department of Scientific and Industrial Research for a grant. 
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357. A Rearrangement of Aryl Salicylates. 


By BERNARD T. TozER and SAMUEL SMILES. 


According to the results obtained in previous studies of intramolecular displace- 
ments the conversion of aryl salicylates (a) into o-carboxydiphenyl ethers may be 
expected. It is now shown that, given suitable intramolecular conditions, this process 
may be realised under relatively mild external conditions. For example, in presence 
of aqueous sodium hydroxide at 100° (1-25 mols., N) 4-nitrophenyl salicylate gave a 
high yield of 4’-nitro-2-carboxydiphenyl ether. The extension of this type of rearrange- 
ment to derivatives of phenyl esters of phenol-o-sulphonic acids (b) also is demonstrated. 
In esters of types (a) and (b) the tendency of carboxyl and sulphony] to acquire the 
alkali metal of the phenoxides is shown by the isolation of covalent sodium derivatives 
from both types and it is suggested that this tendency assists the rearrangements in 
question. 


THE behaviour of carbamyl sulphones and sulphides (Evans and Smiles, J., 1936, 329) 
showed the possibility of interconverting systems such as (I) and (II); moreover, the 
inactivity of 2’-nitrodiphenylsulphone-2-carboxylic acid compared with the easy conversion 
(J., 1934, 184) of 2’-nitro-2-hydroxydiphenylsulphone (III) into the sulphinic acid (IV) 
indicates the relative displacement values of phenolic and carboxylic hydroxyl in these 
rearrangements. According to these views and the results of previous experiments dealing 
with the general intramolecular conditions favouring this type of process (J., 1934, 422; 
1935, 181) it may be expected that aryl salicylates (II, X = Y = O) in which the carbon 
atom c is sufficiently positive should be converted in alkaline media into the o-carboxy- 
diphenyl ethers (I, X = Y =O). Some confirmation of this is found in the work of Graebe 
(Ber., 1888, 21, 502) and of Arbenz (Amnalen, 1890, 257, 78), who showed that under intense 
conditions (280° approx.) the potassium derivative of phenyl salicylate yields the salt of 
o-carboxydiphenyl ether, the high temperature required and the poor yields being 
apparently due to the feebly positive character of the phenyl group. By increasing the 
positive character of c it has now been shown that this process is, within the limits of 
suitable substitution in A and B, of general application. When the nucleus B contains a 
p-nitro-group, the rearrangement may be’ effected at 100° with high yield of the diphenyl 
ether; 4-nitrophenyl salicylate, for example, yielded 4'-nitro-2-carboxydiphenyl ether. 
The process is illustrated by four other examples; in most of these the carboxylic acid has 
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been identified by decarboxylation and comparison of the resulting ether with synthetic 
material. A quantitative study of the influence of substitution in the salicylic nucleus 
(II, A) has not been possible owing to concurrent hydrolysis which was observed in all the 
cases studied. It should, however, be noticed that 4-nitrophenyl 5-nitrosalicylate did 


SO,H 


OOOsO4 COO CRO 


CO-YH 
(I.) (II.) of (IV.) 


not undergo rearrangement; this result accords with those previously obtained in the 
study of the rearrangement of 2’-nitro-2-hydroxydiphenylsulphones and is evidently due 
to increased stability of the phenolic ion under the influence of #-nitro-substitution. 

The obvious extension of this type of intramolecular displacement to the corresponding 
sulphonates has been realised. In illustration the conversion of 2-nitrophenyl 4-hydroxy- 
toluene-3-sulphonate (V) into 2-nitrophenyl 3-sulpho-f-tolyl ether (VI) may be noticed; 
the product was identified by conversion into the anilide, which was available from another 
source. 


OH 
wl O OF 
SO,0°C,H, NO, SO,H s6: é. 


(V.) (VI.) (VII.) 


In conclusion attention is directed to the isolation of the sodium salts of phenyl 
salicylate and phenyl 4-hydroxytoluene-3-sulphonate in the covalent state (compare VII). 
The behaviour of the latter is similar to that of the o-hydroxy-sulphones (this vol., p. 899) 
and it is suggested that this tendency of carboxyl and sulphony]l in the esters to acquire 
the alkali metal assists the initial stage of the rearrangements now described. 


EXPERIMENTAL. 


The 4-nitrophenyl esters were prepared either (a) by the method described in D.R.-P. 43,713, 
which consists in fusing (140°) 4-nitrophenol (1 mol.) with the acid concerned (i mol.) in presence 
of phosphorus pentachloride (0-25 mol.) until liberation of hydrogen chloride ceases, or (b) 
more generally and with higher yield by boiling a solution of the reactants in xylene which 
contained phosphorus pentachloride (0-35 mol.) in suspension. After the solvent had 
been removed by steam, the residue was triturated with aqueous sodium carbonate and purified 
from a suitable solvent. The yield was usually about 50% of the theoretical. 

(1) 4-Nitrophenyl 4-hydroxy-m-toluate, from 4-nitrophenol and p-cresotic acid, formed 
plates m. p. 136°, from alcohol (Found: C, 61: 4; H, 4-0; N, 5-2. C,,H,,0,;N requires C, 61-5; 
H, 4:0; N, 45%). 

(2) 4-Nitrophenyl 2-hydroxy-m-toluate, from 4-nitrophenol and o-cresotic acid, formed plates, 
m. p. 153°, from alcohol (Found: C, 62-0; H, 3-9; N, 5-0. C,,H,,O,;N requires C, 61-5; H, 
4-0; N, 5-1%). 

(3) 4-Nitrophenyl 5-chloro-2-hydroxybenzoate, from 5-chlorosalicylic acid by method (b), 
formed needles, m. p. 164°, from acetic acid (Found : C, 53-1; H, 3-0, C,,;H,O,;NCl requires C, 
53-1; H, 2-7%). 

(4) 4-Nitrophenyl 2-hydroxy-3-naphthoate formed yellow prisms, m. p. 164°, from benzene 
(Found: C, 66-2; H, 3-8; N, 4:3. C,,H,,0O,;N requires C, 66-0; H, 3-6; N, 45%). 

(5) 4-Nitrophenyl 5-nitro-2-hydroxybenzoate formed needles, m. p. 200°, from acetone (Found : 
N, 9-4. C,3;H,O,N, requires N, 9-2%). 

(6) 2:4: 6-Trichlorophenyl salicylate, by method (a), formed needles, m. p. 125°, from 
alcohol (Found: C, 48-8; H, 2:5. C,;H,O,Cl, requires C, 49-1; H, 22%). 

The rearrangement of 4-nitropheny] salicylate and the esters 1, 2, 3 and 4 was effected by 
boiling N-sodium hydroxide (1-25 mols.) (1-25 hrs.). In most cases a sparingly soluble sodium 
salt of the phenolic ester was at first formed, but this dissolved as the reaction proceeded. The 
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product was liberated from the cooled solution by dilute sulphuric acid and purified by re- 
solution in aqueous*sodium carbonate before recrystallisation from a suitable solvent. 
Decarboxylation ofthe acid was attained by heating the dry silver salt (190°), the required 
ether being generally removed from the product by a current of steam. 

Synthesis of the 4-nitrodiphenyl ethers was effected by usual methods. 

4’-Nitro-2-carboxydiphenyl ether, prisms, m. p. 161°, from benzene (Found: C, 60-3; H, 
3-6; N, 5:3. C,;H,O,N requires C, 60-2; H, 3-5; N, 5-4%), was obtained from 4-nitrophenyl 
salicylate (m. p. 150°). The yield (70%) was improved by heating the aqueous suspension of 
the yellow sodium salt of the ester and diminished by the use of more concentrated alkali, 
hydrolysis being then more extensive. Decarboxylation of the acid gave 4-nitrodiphenyl ether, 
which was identicai with a synthetic specimen. 

4-Nitrophenyl 3-carboxy-p-tolyl ether formed long needles, m. p. 173°, from alcohol (Found : 
C, 61-6; H, 40; N, 5-1. C,,H,,0O;N requires C, 61-5; H, 40; N, 5-1%). It was obtained 
(60%) from the ester (1) and when decarboxylated yielded 4-nitrophenyl p-tolyl ether, m. p. 
64°, which was identical with a sample synthesised from 4-chloronitrobenzene and sodium 
p-tolyloxide. 

4-Nitrophenyl 3-carboxy-o-tolyl ether, from the ester (2), formed plates, m. p. 143°, from 
acetic acid (Found: C, 61-4; H, 3-7; N, 5-2. C,,H,,O;N requires C, 61-5; H, 4:0; N, 5-1%). 
The methyl ester formed prisms, m. p. 99°, from methyl alcohol (Found: C, 62-8; H, 4-3. 
C,;H,,;0,N requires C, 62-7; H, 45%). 

4-Chloro-4'-nitro-2-carboxydiphenyl ether, from the ester (3) in 75% yield, separated from 
benzene in needles, m. p. 174—175° (Found: C, 53-2; H, 3-0; N, 5-0; Cl, 12-1. C,,H,O;NCl 
requires C, 53-1; H, 2-7; N, 4:8; Cl, 12:1%). By decarboxylation it gave 4-chloro-4’-nitro- 
diphenyl ether, m. p. 77°, which was identical with a product of synthesis (Raiford and Gilbert, 
J. Amer. Chem. Soc., 1926, 48, 2660). 

4-Niirophenyl 3-carboxy-B-naphthyl ether, from the ester (4) in 70%- yield, had m. p. 208° 
after purification from hot alcohol (Found: C, 66-0; H, 3-7; N, 4:5. C,,H,,O;N requires 
C, 66-0; H, 3-6; N, 45%). Attempts to decarboxylate the substance were not successful. 

The esters (5) and (6) were partly hydrolysed under the stated conditions and no evidence 
of rearrangement was found. 

2-Nitrophenyl 4-Hydroxytoluene-3-sulphonate (V).—Potassium o-nitrophenoxide (1 mol.) 
and O-carbethoxy-p-cresol-3-sulphonyl chloride (1 mol.) (Bennett, Lesslie, and Turner, J., 
1937, 445) were heated (100°, 4 hr.). After the cooled and powdered mass had been washed 
with dilute sodium hydroxide solution and then with water, the carbethoxy-group was removed 
by hydrolysis with n-alcoholic sodium hydroxide (3 mols., 15°). The solvent was removed 
from the resulting solution after this had been neutralised. An ethereal solution of the residual 
oil was dried and evaporated, the crystalline residue being finally purified by diluting the cold 
solution in acetic acid. The ester (V) formed needles, m. p. 88°, which gave a sparingly soluble 
sodium salt, and a greenish-yellow colour with ferric chloride in alcohol (Found: C, 50-6; H, 
3:5; N, 4:5. C,,;H,,O,NS requires C, 50-5; H, 3-5; N, 4.5%). Rearrangement of this ester 
was effected by boiling its solution in alcoholic sodium hydroxide (0-25n; 1 mol.; $hr.). After 
the solvent and some o-nitrophenol had been removed by steam, the remaining solution was 
evaporated and the residue, consisting of the sodium sulphonate (VI), was identified by 
conversion into the chloride and anilide. 

4-0-Nitrophenoxytoluene-3-sulphonyl Chloride.—(a) The dried (120°) sodium sulphonate 
(1 mol.) resulting from the rearrangement of (V) was heated (130°, 1 hr.) with phosphorus 
pentachloride (1 mol.). The product, isolated as usual, crystallised from acetic acid in pale 
yellow prisms, m. p. 132° (Found: N, 4-5. (C,,;H,,O;NCIS requires N, 4:3%). (b) 2-Nitro- 
phenyl 3-sulphino-f-tolyl ether (J., 1931, 3267) was converted into the sulphonyl chloride by 
the method of Thomas (J., 1900, 77, 342). When aqueous sodium hypochlorite (38 c.c., 6%) was 
added to the solution of the sodium sulphinate (6 g.), the sulphonyl chloride separated as a 
semi-solid mass; this, after purification, had m. p. 132° and was identical with the product 
obtained by method (a). ~ 

4-0-Nitrophenoxytoluene-3-sulphonanilide was obtained from the chloride resulting from 
either (a) or (b) by reaction with aniline; it formed prisms, m. p. 157°, from alcohol (Found : 
N, 7-4. Cy ygH,,0;N,S requires N, 7:3%). 

Phenyl 4-Hydroxytoluene-3-sulphonate.—This was obtained by boiling an acetone solution 
of phenol (1 mol.) and O-carbethoxy-p-cresol-3-sulphonyl chloride (1 mol.) which contained 
potassium carbonate in suspension. The product was decarbethoxylated by alkaline hydrolysis 
as described in the case of the 2-nitrophenyl ester (V), and the phenolic ester then liberated was 

6G 





1900 Emeléus and Gardner: 


isolated by a current of steam. The product had m. p. 57° (Arndt and Martius, Amnalen, 1932, 
499, 276, give m. p. 55°). The sodium derivative (VII) was formed when alcoholic sodium 
-ethoxide (1 mol.) was added to an ethereal solution of the ester (1 mol.). It had m. p. 220—230° 
and was sparingly soluble in ether and readily soluble in cold chloroform. When the solution 
in hot benzene was cooled, the substance separated as a transparent jelly. It was dried at 
118° before analysis (Found: Na, 8-0. C,;H,,0,SNa requires Na, 8-0%) and in this condition 
retained its m. p. , 

The sodium derivative of phenyl salicylate was prepared in alcoholic solution by a similar 
method. It was soluble in hot benzene or toluene and sparingly soluble in water; purified 
from hot chloroform, it formed needles, m. p. 193—195°, which were dried at 120° under 
diminished pressure before analysis (Found: Na, 9-4. C,,H,O,;Na requires Na, 9-7%). 


Kinc’s CoLtLeGE, Lonpon. [Received, October 5th, 1938.] 





358. The Oxidation of Monogermane and Digermane. 


By H. J.. EMeréus and E. R. GARDNER. 


The slow oxidation of monogermane at 160—183° has been studied analytically. 
The proportions of the reactants used at all stages of the reaction may be represented 
by the equation GeH, + 20, = GeO, + 2H,O, but the pressure decrease in the re- 
action is greater than would be expected from this equation. This has been traced 
to the retention by the solid oxidation product of part of the water formed in the oxid- 
ation. The oxidation is catalysed by the solid product, which forms a white deposit on 
the walls of the reaction vessel, and in the presence of such a deposit the slow oxidation 
occurs at a temperature about 100° lower than on a clean glass surface. The slow re- 
action in the presence of the oxide deposit within the temperature range 160—183° 
is approximately of zero order with respect to oxygen and of second order with respect 
to monogermane. It is slightly retarded by packing the reaction vessel so as to 
give a 3-6-fold increase in the oxide-coated surface. 

The ignition of monogermane—oxygen mixtures in clean glass reaction vessels is pre- 
ceded by an induction period. The lower explosion limit curve has been studied, and 
the ignition has been shown to occur at lower temperatures with higher proportions 
of monogermane in the reaction mixture. The ignition temperature is lowered and 
the induction period almost eliminated by the presence of the oxide deposit, or by 
irradiation of the heated reaction mixture with the unfiltered light of a mercury arc. 
The photochemical oxidation of monogermane, unlike the thermal oxidation, takes place 
with the formation of free hydrogen. Ignition of digermane—oxygen mixtures takes 
place at lower temperatures than in the case of monogermane. The reaction may 
be represented by the equation 2Ge,H, + 70, = 4GeO, + 6H,O. 


THE oxidation of the germanium hydrides has not hitherto been systematically investigated. 
Considerable interest attaches to this aspect of their chemistry, for the oxidation of the 
hydrides of carbon and of silicon has been fully investigated and the results have been 
interpreted in terms of the theory of chain reactions. The germanium hydrides have 
a moderate thermal stability, and it was possible to study the oxidation of monogermane 
at a temperature at which it did not decompose thermally. It proved to be less inflam- 
mable than monosilane, but much more so than methane. Evidence was obtained that 
the oxidation took place by a chain mechanism, but it was shown to differ from that of 
other hydrides in that the solid product formed in the oxidation, which is either germanium 
dioxide or a hydroxylated derivative of it, had a remarkable catalytic effect upon the 
reaction. 
EXPERIMENTAL. 


Preparation of Monogermane and Digermane.—Germanium was extracted from a quantity 
of germaniferous flue dust, the method of Morgan and Davies (J., 1935, 566) being modified 
for small-scale operation as follows. The finely ground dust was distilled in batches of 250 g. 
with 500 c.c, of 10-6N-hydrochloric acid. The first 25 c.c. of distillate were collected separately 
and consisted of an aqueous layer and a heavy oily layer of germanium tetrachloride. After 
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most of the aqueous layer had been poured off, the oil was hydrolysed by the gradual addition 
of about 20 c.c. of cold water, and the hydrated germanium dioxide which separated was filtered 
off, The filtrate and the decanted liquid were added to the next 150 c.c. of distillate and worked 
up separately by co-precipitation of the germanium and arsenious sulphides with hydrogen 
sulphide. The sulphide which accumulated from a number of batches was dissolved in con- 
centrated sodium hydroxide solution, an excess of concentrated hydrochloric acid added, and 
the resulting yellow suspension distilled in a current of chlorine. The oily liquid which separated 
from the distillate was hydrolysed as before. 

The oxide recovered by the sulphide precipitation was combined with that obtained from 
the initial distillates, and the whole was distilled with concentrated hydrochloric acid (1 g. 
to 10 c.c. of acid) in a current of chlorine to remove arsenic. The latter is converted by the chlor- 
ine into the quinquevalent condition, in which it is almost completely non-volatile. The 
distillate was then hydrolysed as before. The precipitated oxide gave only a slight turbidity 
when dissolved in hydrochloric acid and treated with hydrogen sulphide in the presence of hydro- 
fluoric acid (for details of the test see Miiller, J]. Amer. Chem. Soc., 1921, 43, 2549). This test 
showed the presence of only a trace of arsenic, which was removed at a later stage in the pre- 
paration of the hydrides. The oxide was finally ignited. 50 G. of purified germanium dioxide 
were prepared from 9 kg. of flue dust. 

The oxide was reduced by heating a weighed amount in a porcelain boat in purified hydrogen. 
At 540—560°, the temperature used by Dennis, Tressler, and Hance (ibid., 1923, 45, 2033), 
the reduction of 4-2 g. of oxide was completed only after 7 hours, with a loss of 0-7% due to 
volatilisation. At 670°, the reduction of 3-0 g. of oxide was completed in 5 hours with a loss of 
2-3%. The higher temperature was used throughout, as being likely to favour the removal 
of the trace of arsenic present (the vapour pressure of arsenic is 758 mm. at 615-5°). 

Magnesium germanide was prepared by the method of Dennis, Corey, and Moore (ibid., 1924, 
46, 657), the magnesium used being of 99-9% purity. The mixture of germanium hydrides 
was generated by the action of dilute hydrochloric acid on the germanide, and the subsequent 
purification by fractional distillation in a vacuum was carried out in an all-glass apparatus 
with mercury valves in place of taps. Monogermane was first separated from higher germanes 
by distillation at — 125°. The material so obtained was distilled at — 160°; a small head 
fraction was discarded, and the bulk of the material was distilled at — 150° with the rejection 
of a small tail fraction which would contain arsine. This process was repeated three times, 
and the vapour-pressure curve after the second distillation was identical with that after the 
third. In the course of this purification the volume of the main fraction of monogermane 
(250 c.c. from 10 g. of germanide) was reduced to about one-half. Ethylene and carbon dioxide 
vapour-pressure thermometers were used as temperature standards. Identical vapour-pressure 
values (see Table I) were obtained with monogermane made from a further batch of germanide. 
The accumulated residues from experiments on the oxidation of monogermane gave com- 
pletely negative tests for arsenic. 

TABLE I. 


The Vapour Pressure of Monogermane. 


—127° —125° —123° —121° —119° —117° —115° —113° —111° —109° 
53 62 74 87-5 104 122 142-5 165 190 218 
—105° —103° —101° — 99° —.97° — 95° — 93° — 91° — 89° 
248-5 282 321 363-5 410-5 4645 523-5 585 651-5 727 


The b. p. of monogermane extrapolated from the log p-1/T graph is — 88-1°. The latent 
heat of vaporisation is 48-3 cals. /g. 

A small quantity of pure digermane was prepared from the mixture of the hydrides formed 
in the decomposition of magnesium germanide. It was distilled from the residue left after the 
removal of monogermane at — 65°, and purified by repeated distillation from a bath at — 75° 
with the rejection of head and tail fractions until the vapour pressure of the middle fraction 
was unchanged by further fractionation (see Table II). The b. p. found as above is 31°, and 
the latent heat is 39-6 cals./g. 


TABLE II. 


The Vapour Pressure of Digermane. 


TEMP, .ccccccsecveee ; —63-0° —55-5° —47-6° —38-9° —30-4° —23-1° —14-5° —10-2° 
V.. Pop MIM. ccecccsee ° . 14-5 23-3 38-6 60-8 86-5 128-2 152-7 
TEMP. cccccscccvseees . 0-0° 3-8° 6-7° 9-9° 12-9° 16-2° 18-8° 
V. Pi, MM. 2.000008. . 239-0 286-9 320-4 361-1 403-1 454-5 6503-5 


6a2 
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Comparison of these vapour-pressure data with those of other workers shows a marked 
discrepancy : for monogermane, Dennis, Corey, and Laubengayer (J. Amer. Chem. Soc., 1925, 
47, 112) gave b. p. — 90°, Schenck and Imker (Ber., 1925, 58, 271) b. p. — 90-5°, and Paneth 
and Rabinowitsch (ibid., p. 1138) b. p. — 88-5° for material prepared: by electrolytic reduction. 
Our data agree best with the last value. The only other recorded b. p. of digermane is 29° 
(Dennis, Corey, and Moore, loc. cit.). 


The Oxidation of Monogermane. 


This oxidation was studied in a static system. The hydride was stored in a 2-1. glass reser- 
voir, closed by a mercury valve. Oxygen, prepared by heating potassium permanganate in a 
vacuum, was freed from carbon dioxide and water by passage through a trap cooled in liquid 
oxygen, and stored in a glass globe. The two reservoirs were connected to a mixing bulb 
immersed in water, in which any required mixture of the reactants could be prepared mano- 
metrically. The reaction vessel was connected to the mixing bulb, a constant-volume capillary 
manometer, a small McLeod gauge, a Tépler pump, and a three-stage mercury-diffusion pump 
backed by a Cenco “‘ Hyvac’”’ pump. All connections in the reaction system were of capillary 
tubing of approximately 1 mm. bore, and were heated by a winding of nichrome wire in order 
to avoid the condensation of water formed in the oxidation. The dead space of the apparatus 
was less than 4% of the total volume of the reaction system in the experiments in which the 80- 
c.c, reaction bulb was used. A furnace (10 cm. diam.), the temperature of which was constant 
to + 0-5°, wasused. Inaclean glass bulb a slow oxidation became perceptible at a temperature 
of 230—330°, depending on the pressure and mixture composition. During the slow reaction 
a white deposit formed on the glass and the pressure decreased. At somewhat higher temper- 
atures explosions took place, with the formation of a brownish-white deposit. On a surface 
which was coated either with the white oxide deposit formed in the slow reaction or with the 
brownish deposit from an explosion, the slow reaction took place at a considerably lower 
temperature (150—190°), the product in this case also being white. 

Reproducible reaction rates could be obtained on the oxide-coated surface by first ad- 
mitting a mixture at a pressure of about 10 cm. into the reaction vessel which had been rinsed 
with 10% hydrofluoric acid, and heating until explosion took place. The vessel was then 
evacuated, and a further mixture admitted and allowed to react without explosion at about 180°. 
After this treatment a series of about 8 measurements of the reaction rate which were usually 
reproducible to within +5% could be carried out. In subsequent experiments on the same 
surface the reaction rate tended to increase and become erratic. Between each experiment 
the reaction vessel was evacuated, filled with dry air, heated at 170—190° for 15 mins., and 
finally evacuated for 30 mins. at 170—190°. In the course of these preliminary observations 
it was established that monogermane undergoes no measurable decomposition when heated 
for 2} hours at 183—-196°, either in a clean glass bulb or in a bulb coated with the oxide deposit. 
This accords with the observations of Hogness and Johnson (J. Amer. Chem. Soc., 1932, 54, 
3583). 

Ratio of Reactants in Reaction on an Oxide-coated Surface.—The reaction bulb was spherical 
and had a volume of 80c.c. The volatile products and unchanged reactants could be pumped 
off for analysis at any stage by means of the Tépler pump. A trap cooled in liquid nitrogen 
was inserted between the reaction system and the Tépler pump to condense out excess mono- 
germane and the water formed in the reaction, while allowing excess oxygen to pass. The 
oxygen was measured in a Bone and Wheeler apparatus, and shown to be completely absorbed 
by sodium hyposulphite. In none of the experiments on the slow oxidation was any hydrogen 
produced, nor was any volatile germanium compound other than monogermane present. After 
complete removal of the oxygen, the temperature of the trap containing the monogermane and 
water was raised to — 80°, and the monogermane was pumped off and measured in the Bone 
and Whecler.apparatus. The water formed in the reaction was not measured directly. 

Table III contains the results of a series of runs at 180° in the first three of which the re- 
action was carried practically to completion by heating for 15—-20 hours, while in the remainder 
only a part of the monogermane was oxidised. These figures show that at this temperature 
monogermane and oxygen react in a 1: 2 volume ratio. Similar data were obtained at 160°, 
168°, 173° and 178°. The most probable equation representing the reaction is GeH, +- 20, = 
GeO, + 2H,O. The amount of oxygen used should be proportional to twice the pressure de- 
crease in the reaction, provided the water formed is prevented from condensing. Actually, it was 
invariably found that the pressure decrease was greater than would have been expected from the 
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oxygen consumption. That this was not due to fortuitous condensation of water was proved by 
varying the temperature of the heated capillaries, and by carrying an experiment toa stage at which 
the pressure of water vapour present did not exceed the saturation pressure at room temperature. 
The ratio of the pressure of oxygen used to twice the pressure decrease in the reaction varied at 
random from 0-72 to 0-81 in a number of experiments (Table IV) in which the reaction was 
allowed to proceed to various degrees of completeness at a series of temperatures between 160° 
and 183°. 


TABLE III. 
Ratio of Reactants in the Slow Oxidation of Monogermane. 


Initial mixture. Reactants used. Initial mixture. Reactants used. 
GeH, ’ oo = “ _ GeH, cr i . c - eee 

oxidised, Pocky Po Poeny Pow» oxidised, Pach Po» Poeny Po» 

%. mm. mm. mm. mm % mm. mm, mm. 

96 76 303 73 140 40 81 243 32 

96 76 228 73 144 56 63 190 35 

94 52 . 147-5 49 98-5 58 80 239 46 

35 73 218 25-5 49 65 62 186 40-5 








TABLE IV. 


Relationship between Pressure Decrease and Oxygen Consumption. 


Initial press., mm. 





- . GeH, Press. of O, Press. decrease, 

Temp. GeH,. O,. oxidised, %. used, po,, mm. Ap, mm. Po,/2Ap. 
183° 62 185-5 15 18 : 0-72 
183 75 226 20 0-79 
183 ° 227 26 0-75 
183 218 34 0-77 
183 239 . 0-80 
183 186 . , 0-80 
160 , 191 , . 0-77 
168 186 . . 0-81 
173 189 , 0-77 
178 187 . 0-78 


These measurements show that the pressure decrease in the reaction in the presence of an 
oxide surface is proportional to the amount of oxygen used at all stages of the slow reaction 
in the temperature range 160—183°. Therefore, observations of the pressure decrease in 
the reaction. may legitimately be used as a measure of the reaction rate. It was also 
proved directly as follows that the discrepancy is due to the retention of part of the water 
formed in the reaction by the oxide deposit, or to the presence of a hydroxy-derivative. After 
the reaction had proceeded to a convenient stage, the reaction bulb was allowed to cool to 
room temperature and then evacuated; when the bulb was subsequently heated to 300°, 
water was evolved from the deposit, and the pressure which it developed was in good agree- 
ment with that calculated from the observed discrepancy between the pressure decrease in 
the reaction and the oxygen consumption. 

Kinetics of the Slow Oxidation with an Oxide-coated Surface.—In the following experiments 
in which the reaction rate was measured, the furnace was first adjusted to the required temper- 
ature and pressure rea‘lings were taken at intervals, the experiments being timed from the instant 
of admitting the gases into the heated reaction vessel. The pressure decrease-time curves 
for the slow oxidation of monogermane in an oxide-coated bulb have the general form illustrated 
in Fig. 1. The curves shown are essentially different from the §-shaped curves which have 
been observed in studies on the slow oxidation of hydrocarbons, and show no induction period. 

The method employed in obtaining a measure of the rate of reaction was to calculate from 
the pressures of the reactants in the initial mixture the total change in pressure (Ap) correspond- 
ing to the equation GeH, + 20, = GeO, + 2H,0, and to measure the time for a given fraction 
(10—30%) of this pressure change to take place. Experiments were first carried out with a gas 
mixture containing 20% of monogermane. The temperature was maintained at 183°, and the 
initial pressure of the reaction mixture was varied. The reaction vessel was cylindrical and 
had a length of 10 cm. and a diameter of 2-3 cm. The data obtained are given in Table V. 
The apparent order of reaction calculated from these results is approximately 2. 
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TABLE V. 





Variation of the Reaction Rate with Initial Pressure in a 1:4 GeH,-O, Mixture. 
Initial press., MM. ...cccccsccocsscccccosee 197 248 346 411 
Time, mins., for 10—30% change ... 27:8 20-0 17-1 15-8 








In the following series of experiments a number of different gas mixtures were used, the 
monogermane content of which varied from 14 to 33%. The temperature was again main- 
tained at 183°, and the reaction vessel was spherical, having a diameter of 5-5 cm. and a capacity 
of 80 c.c. From the results of experiments with mixtures B and C (Table V1) it appears that 











TABLE VI. 

























Variation of the Reaction Rate with Mixture Composition. 
Initial mixture. Initial mixture. 

GeH, press., O, press., Time, mins., for GeH, press., O, press., Time, mins., for 
mm. mm. 10—30% change. mm, mm. 10—30% change. 

A 78 156 Explosion 77 309 13-8 ; 
77 230 14-2 © 76 303 13-8} mean 13:8 

B 75 225 12-2 >mean 13-1 56-5 227 17-8\ ‘ 
73 218 13-0 2 56-5 226 19-3) mean 16-1 


E 38 229 25-8 









the reaction rate is almost independent of the oxygen concentration, although a slight retardation 
due to increase in oxygen concentration is indicated. Also from B, D, and E it is shown that 
increase in the monogermane concentration has a considerable accelerating influence on the 
reaction. The order of reaction with respect to monogermane concentration is approximately 
2. On combining the separate effects of the two reactants, a total apparent order of two is 
obtained, this being in agreement with the value calculated from the results in Table V. 

The effect of temperature on the reaction rate was investigated with a mixture containing 
23% of monogermane. The reaction vessel as before was a spherical bulb (diam. 5-5cm.). The 
data for six different temperatures are recorded in Table VII, and some of the pressure decrease— 
time curves are given in Fig. 1. On plotting the logarithm of the time for 10—30% change 
against the reciprocal of the absolute temperature, the resulting points lie approximately on 
a straight line. The apparent energy of activation for the reaction was 24,000 cals. 

















Fic. 1. 
Effect of temperature on the rate of oxidation of monogermane. 
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The Oxidation of Monogermane and Digermane. 


TABLE VII. 
Effect of Temperature on the Reaction Rate. 


Initial press., Time, mins., for Initial press., Time, mins., for 
Temp. mm. 10—30% change. Temp. mm. 10—30% change. 


160° 254 62-5 177-5° 248 22-6 
160 254-5 58.3 ;mean 60-4 180 247 19-7 


168 249-5 37-7 183 253 14-7 ; 
168 248 49.9 mean 39:8 183 248 13-6 mean 14-1 


173 247 25:3 


The influence of the extent of the surface on the reaction rate in an oxide-coated glass vessel 
was studied by means of parallel experiments in two reaction vessels 10 cm. long and of 2-3 cm. 
diameter, one of which was packed with short lengths of glass tubing so as to give a 3-6-fold 
increase in the surface. The surfaces were coated with a deposit of oxide in the manner al- 
ready described. The results of experiments carried out at 183° with a mixture containing 20% 
of monogermane are given below. Packing the reaction vessel retards the reaction slightly, 
but the magnitude of the effect is very much smaller than would be expected from a reaction 
propagated by reaction chains which are initiated in the gas phase and terminated on the walls. 


The Influence of the Extent of the Surface on the Rate. 
Initial Time, mins., for Initial Time, mins., for 
Bulb. press.,mm. 10—30% change. Bulb. press. mm. 10—30% change. 


Unpacked 346 17-1 17-5 
Unpacked 20-0 23-3 
Unpacked 27°8 Packed 31-7 


Finally, some experiments were conducted in which a small amount of benzene was added 
to mixtures of monogermane and oxygen. This addition caused a considerable retardation 
of the reaction, which has been shown to be due, at least in part, to a diminution in the catalytic 
effect of the oxide deposit. 

The Ignition of Monogermane—Oxygen Mixtures.—The ignition of monogermane—oxygen mix- 
tures was studied by introducing an auxiliary bulb of 80c.c. capacity, connected to a manometer, 
between the mixing bulb and the reaction vessel in the apparatus already described. This 
auxiliary bulb was filled with the reaction mixture at a measured pressure and then connected 
momentarily with the heated reaction vessel (2-3 cm. diam.). The pressure of the mixture in 
the hot bulb was deduced from the residual pressure in the auxiliary bulb after connecting the 
two. It was possible in this way to determine by trial for each of a series of temperatures two 
pressures, below the first of which the mixture in the hot bulb did not explode, and above the 
second of which an explosion occurred. The reaction vessel was connected to the apparatus 
by a ground joint, and was washed with 10% hydrofluoric acid and water after each trial 
(whether explosion occurred or not) and dried by evacuation at the reaction temperature for 
30 mins. 

Ignition in clean glass vessels differed from that in the presence of an oxide deposit in that 
it was preceded by a pronounced induction period. Table VIII contains values of the critical 
explosion pressure of a 20% monogermane—oxygen mixture at 240—346°. The induction 
periods recorded are those observed at the explosion pressures. 

These data may be plotted as a section of the lower explosion limit curve, and the result is 
similar to that obtained for many other explosive reactions. The observations could not be 
extended to higher pressures owing to shortage of material, so it is not possible to say if the upper 
explosion limit curve was also normal. The absolute values of the pressures on the lower- 
limit curve are much greater than those on the corresponding curve for monosilane-oxygen 
mixtures, and the explosions are also different from those obtained with silane in that they 
occur after an induction period, whereas, in the case of silane, ignition takes place much more 
abruptly as the limiting pressure is reached. 

The data in Table VIII may be used in plotting the relationship between log p/T (where p 


TABLE VIII. 


322° 293° 265° 237° 
Explosion, mm. : 35-3 410 54-0 73°5 
No explosion, mm. ............ ; 32-7 39-3 51-4 70-7 
Induction period . 2-5 mins. 5 mins. 23 mins. 77 mins. 
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is the critical pressure for explosion) and 1/7, and a straight line is obtained for temperatures 
up to about 280°. At higher temperatures the limiting pressures are somewhat higher than 
values corresponding to points on the line. 

The explosive oxidation of monogermane follows the same course as the slow oxidation, as 
is shown in the following table. The solid product formed in the explosion was brown, but 
this may be due to the thermal decomposition of a small amount of the monogermane. No 
free hydrogen was formed in the explosions. 


Ratio of Reactants in the Explosive Oxidation of Monogermane. 


GeH, in mixture, %. Temp. Press.,mm. Induction period. GeH, used, mm. O, used, mm, 
20 322° 42-5 48 secs. 7-5 14-5 
20 293-5 42-5 29 mins. 8 15 
20 265 61-5 21 mins. 11-5 P 
20 265 70 36 mins. 13-5 
33 322 42 32 secs. 12 
33 322 52-5 25 secs. 16-5 


A series of experiments was next carried out at 322° to determine the effect of the monoger- 
mane concentration on the explosion limit. Decrease in the proportion of monogermane re- 
sults in an increase in the lower critical explosion pressure at a fixed temperature. This result 
is similar to observations made with monosilane, which, in its mixtures with oxygen, becomes 
more inflammable the greater the proportion of the hydride in the mixture. 


Effect of Monogermane Concentration on the Explosion Limit. 


GeH, in Press. (mm.). Induction GeH, in Press. (mm.). Induction 
mixture, — A —, period, mixture, — A — period, 
%. Ignition. No ignition. mins. %. Ignition. No ignition. 
33 21-8 19-9 34 20 35-3 32-7 
25 28-6 26-9 6-5 14 47-1 44-6 








Slow Reaction on a Clean Glass Surface —When gas mixtures were heated in a clean bulb 


at pressures below the explosion limit, an induction period followed by a period of slow re- 
action was observed. This slow reaction is of considerable interest because, unlike the reaction 
in the presence of an oxide deposit, it was auto-accelerating and was also retarded by packing 
the reaction vessel with clean glass. The first of these points is illustrated by Fig. 2. The 


Fic. 2. 
Oxidation of monogermane in clean glass vessel. 
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A. 322°, 20% mixture at 33 mm. initial pressure. 
B. 322°, 14% mixture at 42 mm. initial pressure. 


acceleration of the reaction may be attributed to catalysis by the oxide deposited on the initially 
clean glass surface. It is unnecessary to postulate degenerate branching. This view is supported 
by the fact that in comparable experiments in clean and in oxide-coated bulbs the induction 
period was almost eliminated in the latter case, while at the same time the ignition pressure was 
slightly lowered. 

Packing of the reaction vessel with clean glass retarded the reaction. For instance, in 
an unpacked bulb (20% monogermane, temp. 346°, initial pressure 30 mm.) the pressure de- 
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crease in 14 mins. was 5 mm., but with the same conditions in a bulb packed to give a 3-6-fold 
increase in the surface, the pressure decrease in the same time was 2mm. _ Ina second experi- 
ment in an unpacked bulb (20% monogetmane, temp. 322°, initial pressure 33 mm.) the pressure 
decrease in 19 mins. was 7-5 mm.; in the packed bulb under similar conditions it was 2-5 mm. 
The retarding effect caused by increasing the surface must be interpreted as evidence of a homo- 
geneous chain reaction, the active centres of which are deactivated at the glass walls. As the 
oxide deposit is built up by deposition of the products of the slow reaction the catalytic activity 
of the walls increases, and in the case of a bulb coated with oxide from a previous reaction, this 
catalytic effect is the controlling factor in the oxidation. 


Effect of the Oxide Deposit on the Induction Period. 


Pressure (mm.). 

- a _— Induction period 
Temp. Ignition. Noignition. before ignition. 

Clean glass 322° 35-3 32-7 2-5 mins. 

Oxide deposit 322 29-5 22-9 1 sec. 

Clean glass 293-5 41-0 39-3 5 mins. 

Oxide deposit 293-5 36-7 33-1 5 secs. 

Clean glass 265 54-0 51-4 23 mins. 

Oxide deposit 265 51-5 46-0 8 secs. 





Effect of Irradiation on the Explosion Limit.—The ignition of monosilane—-oxygen mixtures 
has been shown to be facilitated by irradiation with light from a quartz mercury arc (Emeléus 
and Stewart, Trans. Faraday Soc., 1936, 32, 1577), and a number of experiments were carried 
out to determine if a similar effect is to be observed with monogermane. This compound 
exhibits no banded absorption at wave-lengths greater than 1550 a., and continuous absorption 
extends from about 1700 a. to shorter wave-lengths (Mahncke and Noyes, J. Amer. Chem Soc., 
1935, 57, 456). If, therefore, ignition is influenced by ultra-violet light from the mercury 
arc, the spectrum of which after passage through quartz extends to about 1850 a., the effect 
must be due to absorption of energy by oxygen. 

The apparatus employed in these experiments was similar to that used in studying the slow 
and the explosive oxidation, except that a transparent silica reaction vessel was substituted 
for the glass bulb. The silica vessel was 12 cm. long and had a diameter of 2-8 cm. . A hot 
mercury arc, which had been allowed to run for at least 15 minutes before use, served as the 
source of illumination. The reaction vessel was heated by means of a transparent silica jacket 
wound with nichrome wire. The experimental procedure was to determine the explosion 
limit with the arc at a measured distance from the bulb. A mixture containing 20% of mono- 
germane was employed. The results obtained are given below, the values of the ordinary 
thermal ignition limit given being taken from the curve based on the data in Table VIII. 


Effect of Irradiation on the Explosion Limit. 


Pressure, mm. 
A 





Thermal ignition Distance of arc r . Induction 

Temp. limit, mm. from bulb, cm. Ignition. Noignition. period, secs. 
244° 67 12 58-8 56-5 40 
244 67 5 55-5 55-2 16 
230 80 5 69-0 67-5 12 


As in the explosion experiments in the presence of the oxide deposit, the observed effect 
is two-fold. The critical explosion pressure is lowered by irradiation, and at the same time the 
induction period in the reaction is considerably reduced. The latter, for example, would have 
been of the order of 100 mins. in the experiment at 230°, but under the influence of the light it 
was reduced to 12 secs. This effect was increased by increasing the intensity of irradiation of 
the gas mixture by decreasing its distance from the arc. 

A further series of experiments was carried out to determine the nature of the slow re- 
action which takes place on irradiating a monogermane-oxygen mixture with ultra-violet 
light. Experiments were performed with a mixture containing 25% of monogermane. The 
hot mercury arc was placed 2 cm. from the reaction vessel, which was not otherwise heated, 
and irradiation was continued for 4—5 hours, after which the reaction products were analysed 
in the manner already described. The temperature of the reaction bulb during irradiation was 
estimated as 50—70°. During the course of the reaction a white solid accumulated on the walls 
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and gradually rendered the vessel opaque to the light. The results of the analysis are given 
below. 

Initial press., mm. 181 141 115-5 90 

Cs, TNE, TAI. occcicvncccccncec , 17-5 16 15-5 12 

O, used, mm. 9- 25-5 24 25-5 20 

Pressure decrease, mm. . 18 15-5 17 ll 

H, formed, mm. ............s0+0++ 9 8-5 75 6 


Mixed with the excess oxygen there was a gas which was not absorbed by sodium hypo- 
sulphite, and it was proved by sparking with oxygen to consist of pure hydrogen. The pres- 
sures of monogermane and oxygen reacting in the photo-oxidation, the hydrogen formed, and 
the pressure decrease in the reaction are in the ratio 1 : 1-4—1-7: 0-5: 0-9—1-1, and the re- 
action may be represented by the equation 2GeH, + 30, = H, + 2H,O + Ge,O,H,. The 
experimental evidence is too slight for a discussion of the mechanism of the reaction. The 
solid product, if indeed it is homogeneous, would have a formula analogous to that of oxalic 
acid, but when dissolved in dilute sulphuric acid it did not reduce potassium permanganate. 
Hydrogen is found in the photo-oxidation, but is definitely absent from the products of 
the thermal oxidation. The action of ultra-violet light in facilitating the explosion of mono- 
germane—oxygen mixtures is believed to be primarily the acceleration of the homogeneous re- 
action by increasing the supply of active centres in the gas phase. The products of the homo- 
geneous reaction appear to render the walls of the reaction vessel catalytically active and so 
initiate the explosion. 


Some Observations with Digermane. 


Preliminary observations on the ignition of digermane—oxygen mixtures were made with the 
small quantity of pure hydride isolated in the course of the preparation of monogermane. Two 
experiments were carried out in which a mixture containing 20% of digermane was ignited 
by admitting it to a bulb heated at 116°. The excess of the reactants was then determined, 
the excess oxygen being determined in the usual manner, and the excess digermane being dis- 
tilled back into the reaction vessel and measured under the conditions of the reaction. The 


results were as follows : 
Expt. 1. 
Pressure of gas mixture, MM. .............seeeeeee 90 
Pressure of Ge,gH, used, MM. .............cesceeee 15 
PROGRES OF Gy, WHO, THER, cesncccesccscccescassseevas 53 


The ratio of oxygen to digermane is 3-5 in the first experiment and 3-4 in the second, and these 
figures are consistent with the equation 2Ge,H, + 70, = 4GeO, + 6H,O. The solid deposit 
formed in these explosions was brown, owing probably to thermal decomposition of a small pro- 
portion of the digermane during the explosion. The amount of material available was in- 
sufficient for a detailed study of the ignition phenomena of this hydride, but it was found that 
the ignition temperature is about 150° lower than that for monogermane. This is parallel 
to the behaviour of the homologous series of silicon hydrides, in which the inflammability of 
a given mixture increases with the molecular weight of the hydride. A similar effect is observed 
with the paraffins, although the ignition temperatures of methane and ethane are very much 
higher. 


DISCUSSION. 


The nature of the reaction taking place in the oxidation of monogermane has been 
definitely established, apart from the question of whether the solid oxidation product is 
a hydroxylated intermediate or merely germanium dioxide which has adsorbed water 
vapour. The first of these alternatives is the more probable because of the comparatively 
high temperature at which the water isheld. By analogy with the oxidation of methane and 
monosilane, it is reasonable to postulate intermediates such as GeH,O and GeO(OH), in 
this reaction, and if the dehydration of the second of these compounds were incomplete 
and approximately constant in amount over the limited temperature range employed in 
studying the slow oxidation (160—183°), the experimental results could be explained satis- 
factorily. If this were the case, the main reaction taking place in the oxidation would be 
GeH, + 20, = GeO(OH), + H,0O. 

The mechanism of the slow oxidation in the presence of the oxide deposit is complex. 
That the reaction is not purely heterogeneous is shown by the fact that the rate is not in- 
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creased by an increase in the oxide-coated surface. Von Elbe and Lewis have shown 
recently (J. Amer. Chem. Soc., 1937, 59, 970) that the rate of a reaction which is partly 
heterogeneous may be independent of the diameter of the reaction vessel in the case of a 
chain reaction in which the chains are both initiated and broken mainly on the walls, and 
in which branching occurs only to a small extent. The evidence bearing on this point in 
the case of the oxidation of monogermane is fairly complete, for the reaction is catalysed 
by the oxide deposit. The latter also has the effect of eliminating the induction period 
which is observed when the reaction is carried out in a clean reaction vessel. It is reason- 
able to suppose that a heterogeneous reaction on the oxide surface will provide active centres 
for a chain reaction in the gas phase. A reaction such as GeH,O + O, = GeH,O, + O 
would, for example, serve this purpose. To initiate the reaction in a clean glass vessel re- 
quires a considerably higher temperature, and this may represent a homogeneous pro- 
duction of active centres. The effect of packing a clean glass vessel is to retard the re- 
action, and under such conditions (i.e., in the absence of the oxide deposit) the behaviour 
of monogermane is analogous to that observed in the oxidation of methane and other 
hydrocarbons. In further support of the applicability of von Elbe and Lewis’s treatment 
to the oxidation of monogermane in an oxide-coated bulb, the reaction rate shows no 
auto-acceleration (Fig. 1), indicating that there is no appreciable branching. 

The observations on the kinetics of the slow oxidation cannot be interpreted un- 
ambiguously. The non-dependence of the reaction rate on the oxygen concentration 
finds a parallel in Thompson and Hinshelwood’s experiments on the oxidation of ethylene 
(Proc. Roy. Soc., 1929, A, 125, 277). These authors found that under certain conditions 
the rate was of zero order with respect to oxygen, and suggested that the function of the 
oxygen was to break chains. The same might be true in the oxidation of monogermane. 
Alternatively, if the oxygen were taking part in a heterogeneous reaction, it would again 
be possible for the rate to be of zero order if oxygen were strongly adsorbed on the catalytic 
surface. A parallel is furnished by the combination of hydrogen and oxygen in contact 
with silver (Benton and Elgin, J. Amer. Chem. Soc., 1926, 48, 3027), in which the rate is 
independent of the oxygen pressure but proportional to that of hydrogen. 

The autocatalytic effect observed in reactions in a clean glass vessel is explained by 
the catalytic activity of the oxide product. The latter is formed from the homogeneous 
reaction of monogermane and oxygen, and its presence causes the reaction rate to accelerate 
gradually until much of the material is used up, and then to fall gradually to zero rate. 
The result is an S-shaped pressure decrease-time curve. In interpreting reactions which 
show such an autocatalytic effect, resort is usually made to the theory of degenerate branch- 
ing chains, but it seems possible that some of the reactions which have been interpreted 
in this way may be more simply explained in a manner similar to the above, 7.e., by con- 
sideration of the catalytic effect of the products. 


The authors are much indebted to Sir Gilbert Morgan for his kindness in supplying the 
flue dust from which the germanium used in this investigation was prepared. One of the authors 
(E. R. G.) is indebted to the London County Council, the Roan Schools Foundation, and the 
Sir William Boreman’s Foundation for grants. 
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359. The Synthesis of r-a-Methylamino-f-3-indolylpropionic Acid.* 


By Eric JoHN MILLER and WILLIAM RoBsON. 


5-(3’-Indolylmethyl)-1-methylhydantoin can be readily obtained by condensing 
indole-3-aldehyde and 1l-methylhydantoin in piperidine, suspending the product in 
pyridine, and reducing it with hydrogen sulphide. The reduced hydantoin is much 
more stable than tryptophan hydantoin towards boiling solutions of alkali. The 
method described, which dispenses with the usual precipitation involving mercuric 
sulphate, gives the pure amino-acid in good yield. An improved procedure for 
the preparation of l1-methylhydantoin from glycine is detailed. 


For an investigation into the nature of certain colour reactions used-for the detection 
of tryptophan (forthcoming paper), «-methylamino-8-3-indolylpropionic acid and a number 
of its derivatives were required. The mother compound has already been synthesised 
by Gordon and Jackson (J. Biol. Chem., 1935, 110, 151), but when their method is 
modified in accordance with procedures elaborated by Boyd and Robson (Biochem. /., 
1935, 29, 542, 546, 555, 2256),-considerable improvement in the results is effected. In 
carrying out the synthesis on these lines, we obtained certain data, recorded below, at 
variance with those in the literature. 

The synthesis utilises indole-3-aldehyde and 1-methylhydantoin (cf. Gordon and Jackson, 
loc. cit.). These substances readily condense in the presence of piperidine and 5-(3’- 
indolal)-1-methylhydantoin can be isolated in excellent yield and purity. Reduction of 
this compound by means of hydrogen sulphide in pyridine followed. A variation in the 
procedure of Boyd and Robson had to be made in the final stage of hydrolysis, since 
it was found that 5-(3’-indolylmethyl)-1-methylhydantoin is much more stable towards 
the action of hot alkali than are the ordinary hydantoins. Gordon and Jackson (loc. 
cit.), on boiling this compound with a concentrated solution of barium hydroxide for seven 
hours, obtained a 59% yield of the amino-acid. When the period of hydrolysis is trebled 


(cf. Boon and Robson, Biochem. J., 1935, 29, 2684), the yield of amino-acid obtained 
approximates to the theoretical figure and in addition the use of the mercuric sulphate re- 
agent for the purpose of purifying the product becomes unnecessary. 

The 1-methylhydantoin was prepared in the usual way (Weitzner, Annalen, 1908, 
362, 125) from N-methylglycine, which was synthesised, but not isolated, according to an 
abbreviated method based on the findings of Cocker and Lapworth (J., 1931, 1894) and 
of Cocker (J., 1937, 1693). 


EXPERIMENTAL. 


N-Benzenesulphonylsarcosine.—To a warmed solution of glycine (19 g.) in 2N-sodium hydrox- 
ide (375 ml.; 3 mols.), benzenesulphonyl] chloride (40 ml.; 1} mols.) was added with shaking. 
Solid sodium hydroxide (25 g.; 2-5 mols.) was then dissolved in the solution, the whole cooled, 
and methyl sulphate (48 ml.; 2 mols.) added in small portions. The solution, on acidification 
to Congo-red with concentrated hydrochloric acid, deposited N-benzenesulphonylsarcosine. 
This was collected after an hour, washed with a little cold water, and dried at 110°. The yield 
was 50 g. (87-5% of the theoretical). Recrystallisation was effected by dissolving the product 
in the minimum quantity of 50% alcohol, adding boiling water (500 ml.), and leaving the solution 
to cool overnight. 

1-Methylhydantoin.—N-Benzenesulphonylsarcosine (40 g.) was refluxed with 50% sulphuric 
acid (95 ml.) for 4—5 hours, the solid dissolving after } hour. To the warm solution was added 
hydrated magnesium sulphate (38 g.; 1} mols.) in water (40 ml.); the mixture was agitated 


* It is desirable that attention should be called to the possibility of confusion arising in connection 
with the nomenclature of this compound. Ghatak and Kaul (J. Indian Chem. Soc., 1932, 9, 383) 
isolated from the seeds of Abrus precatorius Linn. a compound, C,,H,,0,N,, which they named “ abrine.” 
Hoshino (Annalen, 1935, 520, 31) showed this new compound to be d-a-methylamino-£-3-indolylpropionic 
acid and referred to it as “‘ N-methyltryptophan,”’ an obviously unsatisfactory name. Since the term 
“ abrin ”’ has for many years been applied to the mixture of two poisonous proteins, one a paraglobulin, 
the other a phytalbuminose, obtained from Abrus precatorius Linn., the name “ abrine ”’ as applied to 
the amino-acid should be discontinued. 
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and left in the ice-chest. The liquid«was filtered, and the precipitated magnesium benzenesul- 
phonate washed with a little saturated magnesium sulphate solution. The filtrate was diluted 
with an equal volume of water, and the py adjusted to 2 by the addition of a hot saturated 
solution of hydrated barium hydroxide (approximately 230 g.). The liquid was filtered, and 
the separated barium sulphate twice washed with boiling water. By the further addition of a 
hot solution of barium hydroxide (approximately 130 g.) to the combined filtrates, the pg 
was adjusted to 12, i.e., until the addition of barium hydroxide solution gave no further pre- 
cipitate. The liquid was again filtered, and the solid washed with hot water. The solution 
was made neutral with 10% sulphuric acid and filtered, and the clear filtrate concentrated 
to a small bulk under reduced pressure. To the solution of N-methylglycine so obtained, 
a concentrated solution of potassium cyanate (14 g.; 1 mol.) was added. After $ hour’s heat- 
ing on a boiling water-bath, the mixture was made acid to Congo-red with concentrated hydro- 
chloric acid and heated for a further } hour. It was then evaporated to dryness under reduced 
pressure, and the residue extracted with three portions of absolute alcohol. The combined 
extracts were boiled with a little charcoal and concentrated. On cooling in the ice-chest, 
sheaves of colourless elongated plates were obtained (12-2 g.), m. p. 155—158°. By concentra- 
tion of the mother-liquor a further crop (2-2 g.) of slightly less pure hydantoin was obtained. 
The total yield, calculated from the N-benzenesulphonylsarcosine used, was 72%. On re- 
crystallisation from absolute alcohol, the l-methylhydantoin was obtained in sheaves of 
elongated plates, m. p. 157—159°. Weitzner (Joc. cit.) records 152—156°, and West (J. Biol. 
Chem., 1918, 34, 187), 155—156°. 

5-(3’-Indolal)-1-methylhydantoin.—Indole-3-aldehyde (5 g.) (Boyd and Robson, Biochem. 
J., 1935, 29, 555), 1-methylhydantoin (5 g.; 1} mols.), and freshly distilled piperidine (10 
ml.) were refluxed together; after 3—4 minutes the deep yellow solution began to deposit yellow 
crystals. After 1 hour, hot water (50 ml.) was added, and the mixture made acid to litmus 
with acetic acid. The yellow precipitate which separated was collected, washed with boiling 
water (100 ml.), and dried at 110° (yield, quantitative). Recrystallisation of the 5-(3’-indolal)-1- 
methylhydantoin was effected by dissolving it in the minimum quantity of hot pyridine and 
adding hot water until a slight permanent cloudiness appeared. The short rods obtained 
had m. p. 337—338° after softening at 328° (Found: N, 17-35. C,;H,,0O,N; requires N, 
17-4%). 

5-(3’-Indolylmethyl)-1-methylhydantoin.—To crude 5-(3-indolal)-l1-methylhydantoin (2-5 g.) 
was added freshly distilled pyridine (60 ml.) and concentrated aqueous ammonia (1 ml.). The 
mixture was saturated at 0—5° with hydrogen sulphide and heated at 100—105° in a sealed 
vessel for 3 days: this procedure was repeated twice. After 9 days, the solution was evapor- 
ated to dryness under reduced pressure, and the solid extracted several times with boiling 
water (600 ml. in all). The extract was boiled with a little charcoal and filtered hot. On 
cooling, it deposited colourless or faintly yellow crystals of 5-(3’-indolylmethyl)-1-methylhydan- 
toin. By concentrating the mother-liquor under reduced pressure a further quantity was 
obtained (total yield, 2 g.; 80%). The hydantoin, recrystallised from boiling water (solubility, 
approximately 1/200), formed octagonal-shaped plates, m. p. 211—212° (Gordon and Jackson, 
loc. cit., give 213—214° after softening at 210°). It gave a positive glyoxylic test, an immediate 
deep pink colour on warming with Ehrlich’s reagent, and no colour with bromine water (Found 
for a specimen dried over sulphuric acid for a week: N, 17-3. Calc. for C,;H,,;0,N,;: N, 
17-3%). 

a-Methylamino-B-3-indolylpropionic Acid.—Attempts to hydrolyse the above hydantoin 
by the methods of Boyd and Robson (Biochem. J., 1935, 29, 546, 2256) having proved tedious 
and unsatisfactory, the following technique was adopted. Crude 5-(3’-indolylmethy]l)-1- 
methylhydantoin (2-5 g.) was refluxed with hydrated barium hydroxide (25 g.) in water (50 
ml.) for 20 hours, carbon dioxide then passed into the boiling liquid (diluted with 300 ml. of 
water), and the precipitated barium carbonate washed twice with boiling water A few drops 
of dilute sulphuric acid were added to the filtrate to remove the remaining barium and the 
filtered solution was boiled with charcoal:and concentrated to a small volume under reduced 
pressure. v-a-Methylamino-8-3-indolylpropionic acid, thrown out as fine needles, was washed 
with a little cold absolute alcohol and dried in the desiccator. Yield, 1-65 g. Concentration 
of the mother-liquor yielded a further crop (0-35 g.) (total yield, 90%). The amino-acid was 
sweet to the taste (cf. Ghatak and Kaul, Joc. cit.). It gave with bromine water a pink colour, 
which was extracted by butyl alcohol; the extract changed to purple on standing. An intense 
purple colour was obtained with the glyoxylic test. Ehrlich’s reagent gave a strong pink colour 
after 1 minute’s boiling. The ninhydrin test was negative. After one recrystallisation from 
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water, the amino-acid had m. p. 245° (decomp.) after softening at 241° (Found: N, 12-8. Calc. 
for C,,H,,O,N,: N, 12:8%). Gordonand Jackson (loc. cit.) record decomp. at 297° after darken- 
ing at 280°. Ghatak and Kaul (Joc. cit.) and Hoshino (loc. cit.) give m. p. 295° for the naturally 
occurring d-compound. 

The picrate, prepared according to Ghatak (Bull. Acad. Sci. U.P., 1934, 3, 295), formed 
clusters of red stout needles, m. p. 185—186° (decomp.) (Gordon and Jackson, Joc. cit., give 186°). 

On the addition of concentrated hydrochloric acid (0-2 ml.) to the amino-acid (0-1 g.) the 
latter dissolved to a colourless solution which rapidly solidified. The hydrochloride so formed 
was pressed between filter-papers, dried in a vacuum over soda-lime, and washed with dry ether 
to remove traces of free acid. It melted at 192—193° (for ‘‘ abrine hydrochloride,’ Ghatak, 
loc. cit., records 221-5°). 

Formation of the hydantoin from the amino-acid by the usual method gave a product, m. p. 
211—212° (after softening at 208°), not depressed by 5-(3’-indolylmethy]l)-1-methylhydantoin. 


This work was done during the tenure of a Berridge Studentship awarded to one of us 
(E. J. M.) by the Delegacy of the University of London King’s College. 
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360. The Mechanism of Replacement Reactions in Allyl Compounds : 
Reactions of (+)-n-Propylpropenylcarbinol and its Derivatives. 


By C. L. Arcus and J. KENYON. 


From a study of the replacement reactions of the hydrogen phthalic ester and of 

the chloride of (-++)-n-propylpropenylcarbinol, it is concluded that that the reactions 
® 

proceed via dissociation into the ion CHMe-CH-CHPr, leading to racemisation and 
isomerisation. Two general mechanisms of substitution reactions in allyl compounds 
are formulated from a consideration of results now, and previously, reported, and 
their stereochemical consequences considered. 

An explanation of the behaviour on saponification of the hydrogen phthalic esters 
of substituted allyl alcohols, which is normal in alkaline, abnormal in neutral solutions, 
is suggested. 





SEVERAL investigations on the isomerisation occurring during replacement reactions 
of substituted allyl alcohols have been described (Prévost, Compt. rend., 1927, 185, 1283; 


> CHR, CH-CHR,Y 


hii CHR,Y-CH:CHR, 


Meisenheimer and Beutter, Amnalen, 1934, 508, 58; Burton, J., 1928, 1650; Young 
and Lane, J. Amer. Chem. Soc., 1938, 60, 847). The study of such reactions by the use of 
optically active substituted allyl alcohols was initiated by Hills, Kenyon, and Phillips 
(on ay-dimethylallyl alcohol; J., 1936, 576) and was extended to those of derivatives 
of (—)-«-phenyl-y-methylallyl alcohol by Kenyon, Partridge, and Phillips (J., 1937, 207). 
The pronounced loss of optical purity is a striking feature of these reactions. Hills, 
Kenyon, and Phillips observed the following replacements (in course of publication) : 
Optical purity, %. 
CHMe:CH-CHMe-O:CHO > oe 


a" 
Oa CHMe:CH-CHMe-OAc 


M20H 
CO,H-C,H,-CO-O CHMe:CH-CHMe-OMe 


ea 


CHR, :CH-CHR,X 


(+)CHMe:CH-CHMe 


CHMe:CH-CHMe-OBu2 
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and Kenyon, Partridge, and Phillips (loc. cit.) the following : 


MeOH . 
(+)CHPh:CH-CHMe —-z———> CHPhCH-CHMe-OMe 
-CO-C,H,-CO,H 


The difficulty in interpreting the mechanism of replacement reactions of «y-dimethylallyl 
derivatives is enhanced by the fact that, owing to the symmetrical character of the molecule, 
a and y entrances yield the same chemical product, and the question as to whether entrance 
into the y-position results in the formation of an optically active derivative cannot be 
settled. 

The replacement reactions of derivatives of the less symmetrical (+-)--propylpropenyl- 
carbinol have now been examined; the resolution of this alcohol and the optical rotatory 
powers of its derivatives have already been reported (Arcus and Kenyon, this vol., p. 312). 
The production of an optically active derivative by entrance of the substituent group into 
the y-position may be detected in this case by catalytic reduction of the reaction pro- 
duct, whereupon that optical activity due to a -propylpropenylcarbinyl derivative is 
removed (owing to the production of a symmetrical di-n-propylcarbinyl derivative) whilst 
any optical activity due to a derivative of «-methyl-y-n-propylallyl alcohol will persist as 
the optical activity of a methyl-n-amylcarbinyl derivative. 


CHMeY-CH:CHPr* ——-> CHMe(C;H,,)¥ 


ny Matyas geepyialiy! Unsymmetrical. 


CHMe:CH-CHPr*X derivative. 


CHMe:CH-CHPr*Y —"-> CHPr,"Y 
n-Propylpropenylcarbinyl Symmetrical. 
derivative. 

In view of the possibility of encountering the derivatives of «-methyl-~y-n-propylallyl 
alcohol, a knowledge of this compound was desirable, and its preparation and properties 
have been described (Arcus and Kenyon, this vol., p. 698). It was not found possible 
efficiently to separate mixtures of the isomeric alcohols, -propylpropenylcarbinol and 
a-methyl-y--propylallyl alcohol, which were the products of replacement reactions of 
certain derivatives of the former compound. Mixtures of the -xenylurethanes, the 
p-nitrobenzoates, and the hydrogen phthalic esters underwent but little separation on 
recrystallisation; the hydrogen phthalic esters of the corresponding reduced alcohols, 
di-n-propylcarbinol and methyl-n-amylcarbinol, also are not readily separable. Estimation, 
by physical means, of the composition of a mixture of the unsaturated alcohols is also not 
possible owing to the similarity of the constants of these isomerides. 

B. p. nD . dy. 
n-Propylpropenylcarbinol 64°/15 mm. 1-4381 0-839 
a-Methyl-y-n-propylallyl alcohol 66°/16 mm. 1-4391 0-833 

These considerations led to the adoption of the following procedure for the investig- 
ation of the product of a given reaction of (+)-n-propylpropenylcarbinyl hydrogen 
phthalate or of (—)-A*-8-chloroheptene. The product, which is referred to as a heptenyl 
derivative, was isolated as a constant-boiling fraction having physical constants in agree- 
ment with those of the corresponding pure m-propylpropenylcarbinyl derivative; after its 
rotatory power had been determined, the product was reduced with hydrogen at 2 atm. 
in the presence of either nickel or platinum catalyst, and the rotatory power of the 
reduced product was determined. 

The results of replacement reactions of (+)-n-propylpropenylcarbinyl hydrogen 
phthalate with acetic, formic, and benzoic acids are given in Table I. 

The optical result of these reactions is seen to be complete, or almost complete, racemis- 
ation. Moreover, when the acetate was reduced, the product was optically inactive. In 
no case therefore is an optically active derivative of «-methyl-y-n-propylallyl alcohol 
formed, and hence no asymmetry is transferred to the C’ atom. [Had such an optically 
active derivative been formed, the methyl-n-amylcarbinyl derivative obtained on re- 
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duction would certainly possess a sufficiently high rotatory power for detection; for the 
alcohol has [«];9, -+- 10-32° (homogeneous) (Pickard and Kenyon, J., 1911, 99, 45; 1914, 
105, 830), and the acetate has [«];.9, + 5-02° in ethyl alcohol.] 

Hence, such optical activity as is shown by a product of the replacement reaction is 
due to a derivative of -propylpropenylcarbinol. Comparison of the rotatory power 
of the acetate derived from the replacement reaction in Table I with the acetate prepared 
by the action of acetic anhydride on (+-)-»-propylpropenylcarbinol shows that the former 
has been produced with inversion of configuration and has 0-2% of the maximum recorded 


TABLE I. 


Replacement Reactions of (+-/)-n-Propylpropenylcarbinyl Hydrogen Phthalate. 


(+)Hydrogen Optical 
phthalate : purity, Reaction 
[a]s4e1 in EtOH. %. mixture. Temp. Product, and optical properties. 

+15-8° 69 H.P.,* 5 g. 32° Acetate, asqg, +0-05° (/, 0-5) = 0-2% of 
CH,°CO,H, 20 g. maximum; hence, inversion = 0-3% 

+9-77 43 ELP., 15 g. 80 dl-Formate 
H-CO,H, 4 g. 

+7°8 34 H.P., 20 g. 125 dl-Benzoate 
Ph-CO,H, 27 g. 

* H.P. = Hydrogen phthalate. 


rotatory power. This reaction proceeded slowly (the time for one-half total change in 
rotation being 317 hours) and was followed polarimetrically (Table III). The benzoate 
obtained in the last experiment in Table I was saponified with alcoholic potash, and the 
resultant heptenol converted into the ~-xenylurethane, which was found to be a mixture. 

(—)-A®-8-Chloroheptene was prepared by adding (+-)-n-propylpropenylcarbinol mixed 
with pyridine to cooled phosphorus trichloride; since the last reagent, in the presence 
of pyridine, is believed to react invariably with inversion (Frankland, J., 1913, 103, 713; 
Hughes, Ingold e¢ al., J., 1937, 1252), the chloride obtained will possess a configuration 
opposite to that of the carbinol. 

The results of replacement reactions with water, methyl alcohol, and the acetate ion 
are given in Table II. Reduction of the first two products afforded optically inactive 
substances (As54¢}). 

The optical results of the replacement reactions of the chloro-compound are similar to 
those of the hydrogen phthalic ester. (1) There is much, or complete, racemisation. 


TABLE II, 


Replacement Reactions of (—)-A®-8-Chloroheptene. 


Rotation of Optical 
original purity, Rotation of Reaction Product, and optical 
alcohol. %. chloride. mixture. Temp. properties. 
asie1 +4°10° 95 asae1 —1-68° Chloride, 4-2 g- 65° Carbinol, asia: +0-04° (i, 
(i, 0-5) (i, 0-5) Na,CO,, 23 g. 0-24) = 2% opt. pure; 
H,O, 45 g. hence inversion = 2% 


asger — 5-44 30 alse: +0°59 Chloride, 6-3 g. 80 Methylether, afzs, +0-09° (/, 
(/, 2-0) (1, 0-5) K,CO,, 6-3 g. 0-5) = 0-38% opt. pure; 
MeOH, 12-6 g. hence inversion = 1:3% 


abies —5-44° 30 asis1 +048 Chloride, 6-1 g. 65 dl-Acetate 
(i, 2-0) (i, 0-5) NaOAc, 5-5 g. 
HOAc, 14:4 g. 


(2) In no case is the reduced product optically active, whence no optically active derivative 
of a-methyl-y-n-propylallyl alcohol is produced and no asymmetry is transferred to the 
C” atom. (3) Again, the whole of the optical activity is due to derivatives of -propyl- 
propenylcarbinol. The fact that the chloride is produced from the alcohol with inversion 
of configuration, together with a comparison of the sign and magnitude of the rotatory powers 
of the alcohol and the methyl ether produced in the first two reactions in Table II with those 
of the (+)alcohol and the methyl ether prepared from the (+-)alcohol (by a method which 
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does not disturb the bonds of the asymmetric carbon atom), leads to the following conclu- 
sions. In the first reaction the carbinol is produced from the chloride with inversion of 
configuration and has 2% of the maximum rotatory power; in the second reaction the 
chloride undergoes alcoholysis to the methyl ether with inversion of configuration, and 
the ether has 1-3% of its maximum rotatory power. 

An undetermined part of this great loss of optical activity occurs during the conversion 
of the alcohol into the chloride. The rotatory power of the latter is, however, of the same 
order as that of the alcohol from which it is derived, whereas the products of replacement 
reactions of the chloride possess rotatory powers of an order lower than that of the chloride. 
It is therefore likely that the bulk of the racemisation occurs during the reactions of the 
chloride, and not during its preparation. 

The first experiment in Table II was repeated with the dl-chloride, a portion of the 
resultant heptenol being converted into the hydrogen phthalate, and a second portion 
reduced to the saturated alcohol, which was converted into its hydrogen phthalic ester. 
Both these hydrogen phthalates were mixtures. Under the conditions employed for 
the third reaction in Table II, it was found that the chloride does not react to an appreciable 
extent with the solvent, acetic acid. 

From a study of the molecular rearrangement of (—)phenylmethylcarbinyl di-p- 
toluenesulphinate (Arcus, Balfe, and Kenyon, this vol., p. 485), it was concluded that a 


® 
free carbonium kation (CHMePh) was liberated during this rearrangement, and that 
this kation possesses an effectively planar configuration; the dissociation into this kation 
is facilitated by a medium of high dielectric constant, and by solvation, in particular by 
hydroxylic solvents. The latter condition was present in all the above experiments, 
the solvents being water, methyl alcohol, and carboxylic acids. In view of the racemis- 
ation and isomerisation occurring during the replacement reactions of the hydrogen phthalic 
ester and the chloride of (+-)--propylpropenylcarbinol, it may therefore be postulated 

® 





that the carbonium kation CHMe*CH-CHPr*, which is effectively planar, is an intermediate 
in these reactions. Such an ion will lead to the formation of racemic products, and afford 
the possibility of entry by the substituent group at either the C* or the C” atom, yielding 
a mixture of heptenyl derivatives. 

Similar carbonium kations have been postulated by Prévost (loc. cit.) as intermediates 
in a number of reactions of compounds CHR:CH-CH,X and CHRX:°CH:CH, during which 
isomerisation leading to a mixed product occurs. Young and Lane (loc. cit.) conclude 
from a study of the reaction of hydrogen bromide under defined conditions with crotyl 
alcohol, CHMe:CH-CH,°OH, and methylvinylcarbinol, CHMe(OH)-CH:CH,, that the 
major part of the reaction of each alcohol occurs via the common resonating ion 

@ 





CHMe:CH-CHg, yielding mixtures of the bromides CHMe:CH-CH,Br and CHMeBr-CH:CH,. 
The difference (up to 12%) in composition of the mixtures of bromides from the two 
alcohols is attributed to subsidiary bimolecular substitutions whereby each alcohol yields 
the corresponding bromide. 

The reactions recorded in Tables I and II are accompanied by up to 2% inversion 
of configuration at the C* atom. This may arise from a subsidiary mechanism of sub- 
stitution in which the substituent group becomes attached to the asymmetric carbon 
atom before the dissociation of the displaced group, leading to a Walden inversion (Kenyon 
and Phillips, Trans. Faraday Soc., 1930, 26, 451). - Alternatively, during the above dis- 
sociation into a carbonium kation, the receding anion may shield that side of the carbon 
atom to which it was attached from the attacking molecules or ions, causing a small 
preponderance of the inverted configuration (Hughes, Ingold, e¢ al., J., 1937, 1252). It 
may be noted that the stereochemical consequences assigned by those authors to the 
two mechanisms of substitution denoted Syl and Sy2 do not, in such cases, furnish un- 
equivocal information about the mechanism of a reaction from its stereochemical result ; 
a replacement reaction accompanied by extensive racemisation may occur either’ by Syl 
or by a preponderating Syl mechanism with subsidiary S,2. 
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A replacement reaction in an allyl compound has been studied kinetically by Meisen- 
heimer and Beutter (loc. cit.). For the reaction of cinnamyl chloride with potassium 
acetate they found that (a) in acetic anhydride solution the reaction is approximately 
of the second order with regard to [CHPh:CH-CH,Cl] and [KOAc], and cinnamy] acetate 
only is produced; (0) in acetic acid solution the reaction is intermediate between first and 
second order and the product is a mixture of cinnamyl acetate and phenylvinylcarbinyl 
acetate. A mechanism involving a termolecular reaction (one molecule being that of 
activated solvent) was proposed. The facts receive an alternative explanation if the 
reaction is regarded as proceeding by two courses. The first, involving slow preliminary 
ionisation followed by combination with acetate ion : 


—— an eae CHPh:CH-CH,(OAc) 
CHPh:CH-CH,C1=—=CHPh-CH-CH, + Cl°; CHPh-CH-CH, + AcO®%, 








CHPh(OAc)-CH:°CH, 
2 
will be kinetically of the first order, and the kation CHPh-CH:CH, will permit the form- 
ation of a mixed product of cinnamyl and phenylvinylcarbinyl acetates. 
The second course requires attack by the acetate ion on a molecule of cinnamy] chloride, 
is bimolecular, and should yield cinnamyl acetate only : 


AcO® . . . CH,(CH:CHPh)Cl —> AcO-CH,(CH:CHPh) + Cle 


(These mechanisms are essentially those developed generally by Hughes and Ingold, 
J., 1935, 244, and designated Syl and S,2.) 

In the non-hydroxylic medium, acetic anhydride, the solvation necessary for ionisation 
does not appear to occur, and the reaction follows the second course. In acetic acid the 
first mechanism becomes effective, the kinetics approach towards the first order, and 
a mixture of acetates is produced. 

It thus appears that the replacement reactions of substituted allyl compounds may be 
represented generally by a combination of two such mechanisms : 





® 
(x slow -—— A . 
(2) CHR,=CH-CHR, = CHR,CH-CHR, + X® 
$2 
e CHR,:CH-CHR,Y 
CHR,CH-CHR, + Y® ent 
"> CHR, Y-CH:CHR, 
(0) Y°... CHR,(CH:CHR,)—X —o—> Y—CHR,(CH:CHR,) + X® 


the first (unimolecular) leading to an equilibrium mixture of allyl isomers, and stereo- 
chemically, to much racemisation; the second (bimolecular) resulting in one product and a 
high degree of inversion of configuration about the C* atom. The relative importance 
of these two mechanisms will be determined by the nature of the medium and reagent and 
the groups R, and R,. 

The liberation of the anion X° in the above reactions is facilitated by the tautomeric 
(+ T) effect of the allyl group. Further, in those compounds in which R, is an alkyl group 
(e.g., wy-dimethylallyl alcohol, «-phenyl-y-methylallyl alcohol, and e's eae 

[xX 


binol), the latter contributes a favourable inductive effect : Me >- CH—CH—CHR,— X. 

Compounds in which R, is the phenyl group are less stable than the isomers in which 
this group occupies the position R,, the former passing into the latter (Burton, loc. cit. ; 
Kenyon, Partridge, and Phillips, Joc. cit.). The last authors, from a study of the facile 
rearrangement of «-phenyl-y-methylallyl derivatives into those of y-phenyl-«-methylallyl 
alcohol, concluded that the migrating anions are not kinetically free, since there is a 
high retention of asymmetry; also, the rearrangement is not markedly promoted by in- 
creasing dielectric constant of the medium, and the change was found to proceed at ordin- 
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ary temperatures in the solid state in a single crystal of the hydrogen phthalic ester. The 
great ease with which this rearrangement proceeds appears to be due to the addition 
of the tautomeric (+ 7) effect of the phenyl group to the electromeric effects already 


eR: 
mentioned: Me-~- CH=CH —CH~Ph. The a-phenylallyl esters (in which a y-alkyl 
is | 
group is absent) also rearrange into their cinnamyl isomers (Burton, Joc. cit.), but less 
readily than do the corresponding a-phenyl-y-methylallyl compounds (Duveen, Compt. 
rend., 1938, 206, 1185). 

Since an alkyl radical cannot supply the tautomeric (+ T) effect of the phenyl nucleus, 
rearrangements similar to the above should proceed much less readily amongst the purely 
aliphatic allyl compounds. This accords with the following observations: on heating 
dl-«-phenyl-y-methylallyl hydrogen phthalate (with an equal weight of pyridine), and the 
dl-p-nitrobenzoate (alone), on the steam-bath for 1 and 24 hours, respectively, these 
esters were very largely converted into the d/-y-phenyl-a«-methylallyl isomerides (Kenyon, 
Partridge, and Phillips, loc. cit.). After similar treatment, the hydrogen phthalic esters 
and -nitrobenzoates of the isomeric »-propylpropenylcarbinol and «-methyl-y-n-propyl- 
allyl alcohol were recovered unchanged. 

Change Undergone by (+-)-n-Propylpropenylcarbinyl dl-p-Toluenesulphinate—On add- 
ing p-toluenesulphinyl chloride to a cooled solution of (—)-n-propylpropenylcarbinol 
in pyridine, the (+)--toluenesulphinic ester is obtained by a method which does not in- 
volve rupture of a bond of the asymmetric carbon atom. On standing, the homogeneous 
ester undergoes a spontaneous change into a non-saponifiable substance with accompanying 
racemisation. This substance is presumed to be a sulphone, but repeated attempts failed 
to isolate a pure material. Specimens of the dl/- and of the (+-)-esters were maintained 
at 32°, the fall in saponification value was followed by periodic determinations with alcoholic 
potassium hydroxide, and the rotation of the (+-)-ester was also observed. The apparent 
ester content and the rotatory power fall concurrently after a period of induction. 

Racemisation occurring during Saponitfication of the Hydrogen Phthalic Esters of Sub- 
stituted Allyl Alcohols.—It was found by Hills, Kenyon, and Phillips (loc. cit.) that, by 
saponification of optically pure (+-)-«y-dimethylallyl hydrogen phthalate with 5n-sodium 
hydroxide, the optically pure alcohol was obtained; but that saponification in aqueous 
sodium acetate and carbonate gave the racemic alcohol. Further, when saponified with 
aqueous sodium carbonate, (+-)~y-phenyl-«-methylallyl hydrogen phthalate yielded the 
dl-alcohol, but saponification with 5N-sodium hydroxide, or with 2-5N-aqueous-alcoholic 
sodium hydroxide gave the (+-)alcohol in a state approaching optical purity; less concen- 
trated solutions of sodium hydroxide caused increasing racemisation (Kenyon, Partridge, 
and Phillips, J., 1936, 85). (-++)--Propylpropenylcarbinyl hydrogen phthalate on saponi- 
fication with 5N-sodium hydroxide gave the (+)alcohol, which was reconverted into its 
hydrogen phthalic ester having 93% of its original rotatory power. On saponification 
in aqueous sodium acetate, the (+)hydrogen phthalic ester gave an optically inactive 
heptenol; its #-xenylurethane proved to be a mixture. 

At some stage during the saponification with sodium acetate it appears likely that the 





carbonium kation CHR,°CH-CHR, has been liberated, leading to racemisation and per- 
mitting isomerisation ; it appears also that this ion was not liberated during saponification 
with sodium hydroxide. That the ion might arise by dissociation of the liberated alcohol 
is intrinsically unlikely, and Kenyon, Partridge, and Phillips (oc. cit., 1937) have observed 
that the easily isomerised «-phenyl-y-methylallyl alcohol is stable in the presence of strong 
and weak alkali. An explanation is suggested according to which the hydrogen phthalic 
ester is regarded as an o-substituted benzoic ester which follows different courses of saponi- 
fication according as the o-substituent is the carboxyl ion or the undissociated carboxyl 
group. 

In strongly alkaline solution the hydrogen phthalic ester will exist as the ion, and the 
carboxylic anion will increase the electron availability at the position ortho to it, leading 
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to inductive effects opposing the release of R as a carbonium kation : saponification in 
this case will proceed in the normal manner, in which the O—R bond is not broken (Ingold 
and Ingold, J., 1932, 756; Polanyi and Szabo, Trans. Faraday Soc., 
/~_CO-OR 1934, 30, 508). 
| 5 When the saponification is conducted in solution with sodium acetate 
—~<CO,° or carbonate, the hydrogen phthalic ester will be present partly as the 
sodium salt and partly as the undissociated ester—acid. In the latter, the 
substituent ortho to the esterified carboxyl group is now an undissociated carboxyl group, 
which attracts electrons, causing a deficiency at the position ortho to it, and thereby 
promoting the separation of R as the kation R®. Since R is an allyl radical, it can readily 
undergo electron displacements permitting*dissociation : 


® 


ya x) oN Ps A . 
et ort at ieee —> CHR,’CH:CHR, 
L$ -+>—CO,H 





By the reaction of this carbonium kation with water or with hydroxyl ion, a racemised 
equilibrium mixture of the isomeric allyl alcohols results. 

A comparison of the ease of separation of the carbonium kation from (a) the ionised 
and (b) the un-ionised hydrogen phthalic ester may be made; if R is a hydrogen atom, 
then the ease of separation is in proportion to (a) the second and (6) the first dissociation 
constant of phthalic acid. These constants are 3-1 x 10 and 1-26 x 10°, respectively, 
whence it appears that the un-ionised hydrogen phthalic ester will liberate the carbonium 
kation some 500 times more readily than will the ionised hydrogen phthalic ester. 


EXPERIMENTAL. 


The dl- and (+-)--propylpropenylcarbinols were prepared by methods previously described 
(Arcus and Kenyon, loc. cit.). 

dl-n-Propylpropenylcarbinyl p-nitrobenzoate, prepared by adding p-nitrobenzoyl chloride 
(6-2 g.) to a mixture of the dl-alcohol (3-8 g.) and pyridine (2-7 g.) and heating them at 80° 
for 1 hour, separated from aqueous alcohol in plates, m. p. 40—41° (Found: C, 63-6; H, 6-4. 
C,4H,,0O,N requires C, 63-8; H, 65%). 

The p-xenylurethane of dl-n-propylpropenylcarbinol, prepared by heating the dl-alcohol 
(1-2 g.) with p-xenylcarbimide (2-0 g.) at 80° for 1 hour and extracting the mixture with hot 
light petroleum, separated from this solvent in needles, m. p. 103-5° (Found: C, 77:3; H, 7-5. 
CypH,,0,N requires C, 77-7; H, 75%). 

dl-n-Propylpropenylcarbinyl formate, prepared by heating the dl-alcohol (4 g.) with formic- 
acetic anhydride (6 g.) for one hour at 80°, had b. p. 53—54°/11 mm., nj" 1-4285, dP 0-873 
(Found: C, 68-4; H, 10-2. C,H,,O, requires C, 67-6; H, 10-0%). 

dl-n-Propylpropenylcarbinyl p-toluenesulphinate was prepared by the slow addition of 
p-toluenesulphinyl chloride (19-2 g., prepared according to Phillips, J., 1925, 127, 2552) to an 
ice-cooled mixture of the dl-alcohol (12-4 g.) and pyridine (9-7 g.); an equal volume of dry 
ether was then added. Subsequently, more ether was added, and the extract washed with 
dilute hydrochloric acid, then with sodium carbonate, and dried (calcium chloride). On re- 
moval of the ether, a yellow oil remained ; it decomposed without distilling when heated to 150° 
at <0-1 mm. Traces of unreacted carbinol were therefore removed by heating to 90° at 
< 0-1 mm.; the product then had n}?” 1.5273 (Found: S, 13-0. C,,H,,0,S requires S, 12-7%). 

(+)-n-Propylpropenylcarbinyl p-toluenesulphinate was similarly prepared from the 
(—)alcohol having af%j, — 5-44°, (J, 2-0); it had m}i* 1-5271, afiss + 1-85°, asic + 2-07°, 
adm, + 227° (I, 0-5). 

dl-A8-8-Chloroheptene was prepared by the slow addition of a mixture of dl-n-propylpropenyl- 
carbinol (11-4 g.) and pyridine (1-6 g.) to phosphorus trichloride (5-2 g.) at 0°; after standing 
at room temperature for 1-5 hours, the upper layer was decanted and redistilled; it had b. p. 
49°/21 mm., 2” 1-4430, di 0-879 (Found: Cl, 26-4. C,H,,Cl requires Cl, 26-7%). 

(—)-A®-8-Chloroheptene, similarly prepared from the (+)alcohol having «2%, + 4-10° 
(1, 0-5), had b. p. 44°/14 mm., np 1-4430, 0935, — 1-21°, a225, — 1-48°, af%5, — 1-68°, afSss — 
3-20° (i, 0-5). 
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It was desired to reduce catalytically the last compound in order to ascertain its degree of 
optical purity, but the C—Cl bond is rapidly attacked. To dry ether containing the reduced 
platinum catalyst of Adams, Voorhees, and Shriner (‘‘ Organic Syntheses,’ 8, 92), dl-A®-8- 
chloroheptene (6-7 g.) was added, and hydrogen supplied at 2atm. The initial rapid absorption 
ceased, but recommenced on addition of sodium carbonate, whence it appears that the reaction 
is inhibited by the production of hydrogen chloride. After the theoretical quantity of hydrogen 
required for saturation had been absorbed, the solution yielded a mixture of chloroheptene 
and chloroheptane, b. p. 101°/183 mm., nj’ 1-4363, d}??* 0-883 (Found: C, 63-4; H, 10-3. 
Cale. for C,H,,Cl: C, 63-4; H, 9-9. Calc. for C,H,,Cl: C, 62-4; H, 11-25%). 

Saponification of (+)-n-Propylpropenylcarbinyl Hydrogen Phthalate-——(i) In 5N-sodium 
hydroxide. This has been described by Arcus and Kenyon (loc. cit.). (ii) In aqueous sodium 
acetate. A current of steam was passed through a solution of the (+)hydrogen phthalic ester 
({a}#831 ++ 20-0° in ethyl alcohol; 13 g.) and sodium acetate (9 g.) in water (50 c.c.). The distil- 
late was saturated with potassium carbonate, and extracted with ether. The latter yielded a 
heptenol (4 g.), b. p. 63°/15 mm., }*" 1-4379, optically inactive to light of 4 5461. It furnished 
a p-xenylurethane which was a mixture, m. p. 70—80°, from which, after 6 crystallisations 
from methylene chloride-light petroleum, the ~-xenylurethane of dl-n-propylpropenylcarbinol, 
m. p. 102—104°, alone or mixed with an authentic specimen, was obtained. 

Stability of the Hydrogen Phthalates and p-Nitrobenzoates ‘of n-Propylpropenylcarbinol and 
a-Methyl-y-n-propylallyl Alcohol._—dl-n-Propylpropenylcarbinyl hydrogen phthalate (3 g.) and 
pyridine (3 g.) were heated together at 80° for 80 minutes. Ether was added, and the solution 
washed with dilute hydrochloric acid and dried (calcium chloride). On evaporation and 
addition of light petroleum, the hydrogen phthalic ester separated as needles, m. p. 72-5°, alone 
or mixed with the original material. Similar treatment of dl-«-methyl-y-n-propylallyl hydrogen 
phthalate gave the pure ester, m. p. 67-5°, alone or when mixed with the original material. 

0-2 G. of each of the isomeric p-nitrobenzoates was maintained at 80° for 1 hour; the melts 
were allowed to supercool, and each was inoculated with a trace of its isomeride. After solidi- 
fication, the »-propylpropenylcarbinyl ester had m. p. 41°, and the a-methyl~y-n-propylallyl 
ester m. p. 29°, i.e., each was unaltered. 

Change undergone by (-+)-n-Propylpropenylcarbinyl p-Toluenesulphinate.—The dl-ester, 
ny 1-5271, was kept in a thermostat at 32°; portions were removed at intervals, and the saponi- 
fication value determined by means of alcoholic potassium hydroxide. ‘ 

es 75hrs. 24hrs. 72hrs. 97hrs. 120hrs: 33 days 


Apparent ester content, % ... 83 81 70 24 25 24 25 
* This observation relates to the ester as prepared. 


A similar experiment was performed with the (+)sulphinate, placed in a 0-5-dm. tube in 
the thermostat, and periodically removed, allowed to cool, and the rotation measured. 


ORIG: ciceenicaedstisilasieestiesdisiatcsressbimaastapinben 0 2-2 19-7 45 
eee +2-25° +2-27° ++2-43° —0-04° 
84 —_ — 21 

Repeated attempts to isolate a pure product of this change were unsuccessful. 

Replacement Reactions of (+-)-n-Propylpropenylcarbinyl Hydrogen Phthalate.—(i) With formic 
acid. A mixture of the (+-)hydrogen phthalate ([«];4,, + 9-77° in ethyl alcohol; 11 g.) and 
anhydrous formic acid (4 g.) was heated on the steam-bath for 1 hour. From the ethereal ex- 
tract, after washing with sodium carbonate and drying (calcium chloride), heptenyl formate 
(2-5 g.) was obtained, b. p. 54°/12 mm., n}j" 1-4266, optically inactive to light of Agqg, (J, 0-25). 
The sodium carbonate solution afforded phthalic acid (4-9 g.), m. p. 200—205° (decomp.). 

(ii) With acetic acid. A solution of the (+)hydrogen phthalate ([«]S%, + 15-8° in ethyl 
alcohol; 5-0 g.) in acetic acid (m. p. 17°, 20 g.) was kept at 32°, periodically removed, cooled, 
and the rotatory power determined. The results are given in Table III (temp., approx. 18°; 
I, 2-0). 

TaBLe III. 
17 46 65 90 - 112 160 184 233 258 
+1-91° +1-83° +1-74° +1-55° +1-28° +1-10° +0-95° +0-66° +0-51° 
449 497 544 597 664 736 833 1001 1169 
—0-50° —0-75° —0-93° —1-09° —1-24° —1-38° —1-56° —1-70° —1-69° 

Ether was added, and the extract filtered from the remaining phthalic acid, which crystallised 

from hot water, m. p. 200—204° (decomp.) (0-5 g.). The ethereal extract, washed with sodium 
6H 
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carbonate, and dried (calcium chloride), yielded heptenyl acetate, b. p. 73°/17 mm., 3" 1-4264, 
381 + 0-05°, afo5 + 0-03° (J, 0-5); it (0-5 g.) was reduced in ethyl-alcoholic solution (7 c.c.) 
by hydrogen at 2 atm. in the presence of Raney nickel catalyst. The filtered solution, which 
showed no unsaturation, was inactive to light of Ags4¢:. 

(iii) With benzoic acid. A mixture of m-propylpropenylcarbinyl hydrogen phthalate 
([%] sae, + 7°8° in ethyl alcohol; 20 g.) and benzoic acid (27 g.) was kept at 120—130° for one 
hour. The cooled mixture was triturated with ether. The filtered ethereal extract, washed 
with sodium carbonate, and dried (sodium sulphate), yielded dl-heptenyl benzoate (2-3 g.), 
b. p. 149°/13 mm., nj" 1-5048, optically inactive to light of 4 5461 (J, 0-25). This material was 
saponified with alcoholic potassium hydroxide on the steam-bath for one hour; the ethereal 
extract, washed with water and dried, gave a heptenol, b. p. 61°/13 mm. (0-7 g.). This latter 
with p-xenylcarbimide yielded a mixture from which after six crystallisations the p-xenyl- 
urethane of u-propylpropenylcarbinol, m. p. 100° alone and mixed with an authentic specimen, 
was obtained. 

Replacement Reactions of (—)-A%-8-Chloroheptene—(i) By hydroxyl. (—)-A®-8-Chloro- 
heptene [a23;, — 1-68° (J, 0-5), prepared from (-+)--propylpropenylcarbinol having «2%, + 
4-10° (1, 0-5); 4-2 g.] was kept at 65° for 4 hours, with shaking, in a solution of sodium carbonate 
(2-3 g.) in water (45 g.). The suspension was saturated with potassium carbonate and ex- 
tracted with ether, which yielded a (+)heptenol (1-2 g.), b. p. 63°/16 mm., }" 1-4372, a2%3, + 
0-04° (1, 0-236). On reduction of this material in ethereal solution (10 c.c.) with hydrogen at 
2 atm. in the presence of platinum catalyst, the theoretical volume was rapidly absorbed, yielding 
a heptanol, b. p. 62°/15 mm., nj" 1-4207, optically inactive to light of Asqg, (2, 0-236). 

dl-A8-8-Chloroheptene was hydrolysed by this method, giving a heptenol, b. p. 68°/17 mm., 
n?" 1-4388, which was converted into its hydrogen phthalic ester, a mixture which was not 
separated after repeated crystallisation from carbon disulphide and light petroleum. Reduction 
of the heptenol gave a heptanol, b. p. 64°/16 mm., nj 1-4212, which was converted into its 
hydrogen phthalic ester, a mixture not separable by recrystallisation from ether-light petroleum. 

(ii) By methoxyl. (-+-)-A8-8-Chloroheptene [a}$;, + 0-59° (i, 0-5), prepared from (—)-n- 
propylpropenylcarbinol having aig, — 5-44° (i, 2-0); 6-3 g.)], dissolved in anhydrous methyl 
alcohol (13 g.), was heated with potassium carbonate (6-3 g.) on the steam-bath for one hour. 
The ethereal extract, washed with water and dried (calcium chloride), yielded (-+-)methyl 
heptenyl ether (3-5 g.), b. p. 133—135°/760 mm., nm” 1-4221, aff, + 0-09° (i, 0-5). This was 
reduced in ethereal solution (35 c.c.) with hydrogen at 2 atm. in the presence of platinum 
catalyst; the theoretical volume was absorbed in 2 hours, producing dl-methyl hepty] ether, 
b. p. 136°/760 mm., nu} 1-4056, optically inactive to light of Asqg; (2, 0-25). 

(iii) By acetate ion. dl-A®-8-Chloroheptene (9-4 g.) did not react when heated in acetic acid 
(m. p. 17°, 22 g.) solution at 65° for 40 minutes, and was recovered having b. p. 46°/19 mm., 
my 1-4452. 

(+-)-A8-8-Chloroheptene [a215, + 0-48° (J, 0-5), prepared from (—)-n-propylpropenylcarbinol 
having aig, — 5°44° (i, 2-0); 6-1 g.] and anhydrous sodium acetate (5-5 g.), dissolved in acetic 
acid (14-4 g.), ‘were heated at 65° for one hour. The ethereal extract, washed with sodium 
carbonate and dried (calcium chloride), yielded dl-heptenyl acetate, b. p. 68°/16 mm., nj” 
1-4270, optically inactive to light of Asq., (/, 0-5). 


Thanks are expressed to the Government Grants Committee of the Royal Society and 
to Imperial Chemical Industries Ltd. for grants. 


BATTERSEA POLYTECHNIC, LoNnpDoN, S.W. 11. (Received, September 26th, 1938.] 





NOTE. 


The Lower Hydrates of Lanthanum and Praseodymium Nitrates. By J. NEwToNn FRIEND and 
Dovuctas A. HALL. 


SEVERAL supposed hydrates of lanthanum nitrate have been described, but the evidence in 
favour of their existence is not convincing, being based merely on the loss in weight undergone 
by the hexahydrated salt when desiccated over sulphuric acid. There has been no attempt 
to ascertain whether or not there had been a simultaneous loss of nitric anhydride such as 
occurs with bismuth nitrate under similar conditions (see Friend and Hall, Tvans. Faraday Soc., 
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1938, 34, 777) and also with the rare-earth nitrates themselves at elevated temperatures. It 
was thought desirable, therefore, to check earlier experiments by exposing the pure salts over 
concentrated sulphuric acid for prolonged periods and determining, not merely their loss in 
weight, but also the base and acid contents of their residues. 

Method of Analysis.—The dried solid was weighed quickly, dissolved in a known volume of 
n-nitric acid, and made up to 250 c.c. 25 C.c. of this solution were diluted to about 100 c.c. 
with water, and a measured volume of N/2-sodium hydroxide added, so that the latter was in 
excess. The solution and precipitate were warmed on a hot plate and then kept over-night. 
The precipitate was collected, washed with hot water, and ignited to constant weight in a plat- 
inum crucible. The lanthanum was weighed as La,O, and the praseodymium as Pr,O,,. The 
whole of the filtrate was titrated with ca. N/3-nitric acid, thus determining the amount of sodium 
hydroxide used and hence the nitric acid in the original solution. The N,O, content of the 
salt was then found by allowing for the nitric acid added in making up the solution. 

Lanthanum Nitrate.—The ordinary hexahydrate, La(NO,);,6H,O, was stated by Hermann 
(J. pr. Chem., 1861, 82, 385) to lose 4.5H,O when exposed over concentrated sulphuric acid. 
Cleve (Bull. Soc. chim., 1874, 21, 196) found a loss of 2-5H,O, and Léwenstein 5H,O (Z. anorg. 
Chem., 1909, 63, 106). We have confirmed the existence of Léwenstein’s monohydrate. The 
normal hexahydrate lost continuously in weight for about a year and then remained con- 
stant; after 3 years, the residue was the monohydrate [Found: La,O,, 47-52; N,O,, 46-99; 
_ La,O, : N,O; = 1-011 (by wt.). Calc. : La,O;, 47-50; N,O,, 47-24%; La,O,: N,O, = 1-006). 
When a portion of this salt was dissolved in water it gave a very slightly cloudy solution which 
(together with the ratio La,O,; : N,O; found) suggests the formation of a mere trace of basic salt. 
Praseodymium Nitrate-—The ordinary hexahydrate lost weight continuously over con- 

centrated sulphuric acid for about a year; after 3 years, the very pale green residue was proved 
to be the dihydrate [Found: Pr,O,, 45-64; N,O;, 45-01; Pr,O,:N,O,; = 1-014 (by wt.). 
Pr(NO,)3,2H,O requires Pr,O;, 45-44; N,O,, 44-64%; Pr,O,:N,O, = 1-018]. There was no 
detectable formation of basic salt. This hydrate does not appear to have been mentioned 
hitherto in the literature. 

Similar experiments with neodymium nitrate were upset by workmen when near completion, 
but are again in progress.—CENTRAL TECHNICAL COLLEGE, BIRMINGHAM. [Received, October 


Ist, 1938.] 





361. The Apparent Dipole Moment of Hexamethylenetetramine in 
Chloroform Solution. 


By R. J. W. Le FEvrReE and G. J. RAYNER. 


Although Duden and Scharff’s formula (1895) for hexamethylenetetramine—in 
which the four nitrogen atoms are situated at the apices of a regular tetrahedron— 
has been shown to be compatible with X-ray examinations of the solid (Gonell and 
Mark; Dickinson and Raymond; 1923) and with electron-diffraction studies of the 
vapour (Hampson and Stosick, 1938), it is not reconciled easily with many of the 
chemical reactions of this substance in solution. 

Dipole-moment measurements now described suggest that the tetramine molecule 
dissolved in chloroform is non-polar, and therefore has a symmetrical structure. 
Some physical evidence is thus provided permitting the Duden-Scharff model for the 
dissolved state, as well as the solid and the gaseous. Raman displacements are 
recorded for solutions of hexamine in both water and chloroform. 


The Formula of Hexamethylenetetramine.—This apparently monoacid base crystallises in 
colourless rhombohedra, dissolves extensively in water but less in chloroform and alcohol, 
and is insoluble in ether and the usual non-polar solvents. It sublimes or melts at a high 
temperature, 280—300°, which exceeds the m. p. of many quaternary ammonium salts 
and is unexpected for a molecule where electrovalencies are not likely to be operative. 
The chemical properties do not provide unequivocal evidence: it can take up directly 
2 or 4 atoms of bromine or iodine (Horton, Ber., 1888, 21, 2000; Legler, zbid., 1885, 18, 
3350) and will combine with only one molecule of alkyl halide or a half molecule of alkylene 
dihalide (Wohl, Ber., 1886, 19, 1843; Delépine, Bull. Soc. Chim., 1897, 17, 293); yet with 
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nitrous acid it yields trimethylenetrinitrosoamine, or with nitric acid, trimethylenetrinitro- 
amine. 

Various formule have been suggested, each covering certain of the chemical reactions : 
(I) (Guareschi, “ Alkaloide,”” Berlin, 1896, p. 620); (II) (Lésekann, Chem. Zenir., 1890, 14, 
1409; Grassi and Motta, Gazzetta, 1899, 29, i, 33); (III) (Cohn, J. pr. Chem., 1897, 56, 345) ; 
(IV) (van’t Hoff; cf. Delépine, Ann. Chim., 1898, 15, 523); (V) (Duden and Scharff, 
Annalen, 1895,:288, 218). The problem has never been settled finally, and in 1935 the 
formula (VI) was proposed by Dominikiewicz (Arch. Chem. Farm., 2, 78) to meet the needs 
of certain acylation reactions; the modern interpretation of (VI) is referred to on p. 1923. 


‘NICH, 
eno N(CH,*N:CH,)s 
(II.) 
en 
Nee CH,:C ——-CH—CH(NH,)-CH(NH,)-CH:NH 


My : ) \ 
CH,"N-CH, N f (III.) 
(I.) 


CH. 


CH, CH, 


CH, 
Fite Ra: PO tte 


4 
Nef Yaa ce,” 


(VI.) 


N 


é 
\ 


Formula (V) when erected in three dimensions is a symmetrical structure (Fig. 1) in 
which the four nitrogen atoms are situated with their centres at the apices of a regular 
tetrahedron and the six carbon atoms at the points of a regular octahedron. Such a 
distribution of atoms is reported to be congruent with X-ray data for crystalline hexamine 

(Dickinson and Raymond, J. Amer. Chem. Soc., 1923, 45, 22; Gonell 
Fic. 1. and Mark, Z. physikal. Chem., 1923, 107, 181) and with an electron- 
diffraction study of vapourised hexamine (Hampson and Stosick, 
J. Amer. Chem. Soc., 1938, 60, 1814). Consequently, other formule 
seem less likely to be correct, although in the dissolved state the 
possibility of structural modification occurring by solvation must 
not be forgotten. 

Present Work.—Chloroform, in a mixture containing it, and pro- 
vided no combination takes place (as in the examples of Earp and 
Glasstone, J., 1935, 1709), has a polarisation which is practically 
independent of concentration or state (Le Févre and Le Févre, J., 1935, 1747), a fact 
which allows its polarisation contribution to a solution to be calculated for different con- 
centrations by the usual mixture rules. Its suitability as a medium for dipole-moment 
determination is, however, diminished by uncertainties regarding its polarising effects 
on the solute molecules. Known experimental data illustrate this; e.g., benzene 
({Rz]p, 26 c.c.) in chloroform has a polarisation of 28 c.c. (Le Févre and Le Févre, J., 
1936, 487) and as a gas 27 c.c. (McAlpine and Smyth, J. Amer. Chem. Soc., 1933, 55, 
453); on the other hand, #-dinitrobenzene ([Rz]p, 39 c.c.) has a polarisation of 34—39 c.c. 
in chloroform (Le Févre and Le Févre, J., 1935, 957; Jenkins, J., 1936, 862) but 

one of 46-5 c.c. in the vapour state (Coop and Sutton, this vol., p. 1269). 

Nevertheless, noting that with both benzene and its p-dinitro-derivative the measure- 
ments in chloroform led to correct conclusions regarding molecular structure, we thought 
it worth while to obtain the data now to be recorded for hexamine. 

The following table summarises the dielectric polarisation measurements: w, is the 
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weight fraction, ¢ the dielectric constant at ca. 1200 kc., d the density and ,, the specific 
polarisation of the solution. 


Hexamethylenetetramine in Chloroform. 


100w,. é. &. ?. 100w,. e. a‘. ?. 
Temp. 25°. Temp. 35°. 

0 4-7240* 1-47899 0+37447 0 4-5520*  1-46060 0-37116 

1-2805 4-6909 147663 037357 2-8550 4-4826 145610 0-36894 

2-2267 4-6640 1-47493 0-37278 3-2520 4-4755 1-45606 0-36861 

2-5010 4-6552 1-47440  0-37251 4-6200 4-4411 145290 0-36770 

2-8550 4-6417 1:47360 0-37208 

3-2520 4-6312 1-47325 0-37169 Temp. 45°. 

4-3370 4-6006 1-47107 0-37082 0 4-3950* 1-44190  0-36818 

4-6200 4-5887 147010 037050 28550 4-3353 143810  0-36608 

3-2520 4-3252 1-43744  0-36572 


* From Ball (J., 1930, 595). 


From these data, the total polarisations at infinite dilution have been calculated as 
M(dp,./dw, + p.), where M is the molecular weight of hexamine (140-2) and df,,/dw, 
is the quotient &(p,. — ~,)/Xw,. 


Total Polarisations at Infinite Dilution. 
TO Nkantcccssencischipeierriaenion 25° 35° 45° 


RII cha sacs sn sanvekanenteoane —0-082 —0-077 —0-075 
F ectnindesnaiahabbonidetdbiidie . 41-2 41-0 





The molecular refraction of hexamine does not appear to have been previously 
determined; the necessary observations relating to solutions in (a) chloroform and (bd) 
water are therefore recorded. ’ 


Molecular Refraction of Hexamethylenetetramine. 


100w,. dt. np. — [Rz]p- 100w,. da‘. nn. Tis [Rz]p- 
(a) Chloroform as solvent, t = 25°. (b) Water as solvent, t = 18°. 

0 1-47899 1:44310 0-17929 —_ 0 0-99862 1-33307* 0-20602 _ 

12805 1-47663 1-44582 0-18053 38-7 44444 1-00825 1-34063 0-20824 35-9 

2-2267 1-47493 1-44723 0-18124 37-4 5-6238 1:01081 1-34244 0-20872 35-6 

25010 1-47440 1:-44757 0-18143 37-1 71011 1:01405 1-34503 0-20947 35-7 

4-3370 1-47107 1-45012 0-18273 36-2 °8-1899 1-01652 1-34693 0-21000 — 35-7 


* Schreiner (Z. physikal. Chem., 1928, 188, 423) gives nb’ 1-33308. 


These results are somewhat lower than that calculated, viz., 39-7 c.c. (from CH, = 4-26, 
tertiary N = 3-00; Eisenlohr, Z. physikal. Chem., 1910, 75, 605; Briihl, 7bid., 1912, 79, 1; 
1895, 16, 479), and the measurements in chloroform show an unusual concentration 
dependence. For the estimation of the dipole moment, some allowance must be made 
for the atomic polarisation; if, following Sugden (Trans. Faraday Soc., 1934, 30, 734), we 
assume for this large molecule what is true for many substances, that the atomic and 
electronic polarisation sum is 1-05 x [Rz]p, then,* if [Rz]p is taken as 39 c.c., this 
distortion polarisation is evidently of the same order as the experimentally observed total 
polarisations, 7.e., hexamethylenetetramine has a moment approaching zero. 

Discussion.—Only formule (IV), (V), and (VI) are likely to correspond to the required 
non-polar molecules, since they alone possess the necessary symmetry, but our result 
cannot decide between these beyond indicating the improbability of (VI). This must 
presumably be a quadrapole with two kationic charges situated on the two inner, and two 
anionic charges on the two outer, nitrogen atoms, the complete structure having the four 

nitrogens collinear. This is illustrated in the ad- 

Wit FS Sosa a tae 8 joining electronic formula (VII). Such an arrange- 
hig ‘CH. ** CH. ** CH, ** ment with opposed dipoles would most probably 

. . ¥ cause anomalous polarisation effects (similar to those 


* Such an approximation is probably safe in the present instance since it adequately covers the 
case of trimethylamine as a vapour (Le Févre and Russell, Nature, 1938, 142, 617). 
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shown by, ¢.g., p-benzoquinone in benzene; J., 1935, 1698) which the quantitative 
treatments of Jenkins (J., 1936, 910), Bauer (J. Chem. Physics, 1936, 4, 458), and 
Frank and Sutton (Trans. Faraday Soc., 1937, 33, 1307) show to vary as the square of 
the individual moments concerned (cf. however, the most recent treatment of this 
problem; Coop and Sutton, loc. cit.). In the case of benzoquinone, with two >C—O 
link moments of 2—3 D., an anomalous orientation polarisation of ca. 10 c.c. has been 
observed. Since hexamine is 1-5 times as large as benzoquinone and, on the basis of (VI), 
would have two exceedingly great dipoles (6—10 D. ?) not less flexibly held than the C—O 
groups of benzoquinone, it can be safely concluded that the present measurements show 
such anomalies to be absent. Formule (IV) and (V) therefore remain. 

Of these, the latter is favoured by the Raman spectra of hexamethylenetetramine 
in either water or chloroform solutions. Mr. C. R. Bailey has directed our attention to the 
fact that a tertiary nitrogen atom, in this spectroscopy, is often very like a methylene group. 
Accordingly, it is satisfactory to find that the two sets of Raman displacements now recorded 
agree closely with the published descriptions of the same properties of cyclohexane 
(Kohlrausch and Stockmair, Z. physikal. Chem., 1936, B, 31, 382); from this we infer 
that hexamine contains six-membered rings only, so that ([V)—with two four rings, and 
one eight ring—is less probably correct. 

Incidentally, the Raman spectra are of interest in suggesting that the solute is essentially 
the same in both the solvents used; this is a conclusion which, in view of the various re- 
actions effected by reagents in aqueous solution which seem to be incompatible with 
Duden and Scharff’s structure (V), definitely required to be established. 


EXPERIMENTAL. 


Apparatus.—The dielectric-constant measurements were obtained with the help”of an 
apparatus different from that used in previous work in this department. It is based directly 
on one of the two standard forms of the Pearce quartz-maintained oscillator in which the grid 
of a triode is connected to the earthed side of the filament through a small condenser, the di- 
electric of which is a section of a quartz crystal, shunted by a high resistance of several megohms, 
while the anode circuit contains inductance and capacity and is tuned. If a current meter is 
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inserted in the anode H.T. lead, a fairly sudden change in reading will be observed when the 
anode circuit is tuned through the natural frequency of the quartz. If now a condenser, whose 
dielectric can be varied, is connected in parallel to the variable condenser, a comparison of 
capacities, giving dielectric constants, is possible because the total capacity, being always constant 
for a given setting of the current meter at the inflexion point, will require that capacity increases 
in one condenser shall be compensated for by decreases in the other and vice versa. Owing 
probably to their lower inter-electrode capacities, screened-grid valves and especially pentodes 
have been found to give far steeper and sharper current—capacity curves than ordinary triodes. 
In the present apparatus, shown diagrammatically in Fig. 2, a valve of the former type has 
been employed. 

Components used. Valve (V) Mullard PM 12, 2v, screened grid; inductance (L), 31 turns 
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of 22 s.w.g. d.c.c. copper wire on an 8-3 cm. (diam.) former. The condenser C, is an approxi- 
mately 250 yur. variable semi-circular plate instrument fitted with a worm-geared extension 
handle terminating in a graduated drum head (ca. 4’ diam.) and revolution counter (H). The 
capacity of this condenser was proportional to the setting of the moving vanes over the central 
three-fifths of the scale ; accordingly its use has been restricted to within this limit, and readings 
simply taken in units of “‘ turns of the rotating head” (H). These could easily be set with a 5 
milliamp. meter for M to less than 1/200 of a turn, while the available part of the scale was 
covered in 35—40 turns. The condenser C, was of the Sayce—Briscoe type (J., 1925, 127, 315), 
slightly modified to permit complete immersion in the thermostat and having long side arms 
to enable it to be filled and emptied by air pressure or suction without any alteration of its 
position being necessary. The whole apparatus was surrounded by an earthed zinc-gauze 
screen. 

The Raman Spectra.—These were investigated by Mr. T. I. Williams, using the experimental 
arrangement described by Angus, Ingold, and Leckie (J., 1936, 925). The exposure times 
were 24—48 hours; the errors in the lines below probably do not exceed 6cm.-!. In the following 
table the observed displacements are given in cm.-! (exciting sources: 4358 and 4047 a. 
mercury lines); the figures in parentheses are the visually estimated intensities. The plates 
were similar when either water or chloroform was used as solvent. 


326 (1) 678 (2) 1340 (2) 1920 (4) 2949 (1) 

449 (1) 777 (3) 1368 (2) 2750 (4) 2981 (4) 

504 (2) 813 (4) 1446 (1) 2890 (2) 3161 (1) ‘ 
551 (1) 1044 (2) 1846 (3) 2922 (3) 
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Diphenylketen as an Addendum. 


By ERNEST HAROLD FARMER and MOHAMMAD OMAR FAROOQ. 


The addition products obtained by Staudinger and his collaborators by the addition 
of diphenylketen to cyclohexene and to cyclopentadiene were formulated as containing 
additively-formed cyclobutanone rings, but their constitutions were not determined. 
It is here shown experimentally that cyclohexene, cyclopentene, cyclohexadiene, and 
cyclopentadiene are alike in yielding cyclobutanone derivatives, and also that the 
direction of addition of the ketenic reagent in the case of the cyclic dienes is that which 
would be anticipated having regard to the behaviour of the ketens with simple 
reagents. The polarised form of the ketens is discussed. 


STAUDINGER in his well-known researches into the additivity of diphenylketen was success- 
ful in obtaining addition products with several unsaturated hydrocarbons. The 
constitutions of these adducts were not satisfactorily determined, although the result of 
addition in each case was represented to be a four-carbon ring structure. It is of some 
importance in connexion with general additive theory to determine with certainty the 
direction in which addition occurs in these examples, and also to discover whether ketonic 
additions to conjugated dienes are all of the same type, inevitably yielding four-carbon 
rings, just as Diels—Alder additions appear always to yield six-carbon rings. 

Addition to cycloHexene and to cycloHexadiene.—Staudinger and Suter (Ber., 1920, 58, 
1095) found that cyclopentadiene reacts readily with diphenylketen to give a crystalline 
mono-addition product, but they were unable at the time to examine whether cyclopentene 
also combines with the reagent. They showed, however, that both cyclohexene and styrene 
give crystalline adducts with diphenylketen, but did not examine the additivity of cyclo- 
hexadiene. The following observations show for the first time the mutual relationships 
and constitutions of the cyclohexene and cyclohexadiene adducts. 
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cycloHexadiene, like cyclopentadiene, combines readily at room temperature with 
diphenylketen, whereas cyclohexene combines with this reagent only on prolonged heating. 
The adduct from cyclohexadiene consists always of a single mono-olefinic substance, and this 
passes on hydrogenation into a dihydride identical with the adduct formed directly from 
the reagent and cyclohexene. This observation excludes at once the possibility that the 
cyclohexadiene adduct is the substance (I), formed by terminal addition of the reagent 
to the cyclic diene in the manner of the Diels-Alder reaction, and it also increases the 
probability that the cyclohexene unites with the reagent to form the cyclobutanone structure 
(II); but it does not distinguish between the rival formule (III) and (IV), corresponding 
to the alternative possible directions of 1 : 2-addition to the diene system. 


H, 
/@\cPh H Ph ON _cPh 7\_co 
(1 2 2 2 2 
\e0 Hy CO Hy, CO H Ph, 
2 “ 2 H, 


(I.) (II.). (III. (IV.) 


The direction of addition to cyclohexadiene is shown definitely by the nature of the 
degradation products obtainable from the adduct. By hydrolytic fission with alkali the 
adduct yields two (and two only) isomeric monocarboxylic acids, m. p.’s 148—149° and 
112°, which might be regarded (a) as derived from (III) and (IV) respectively, (b) as 
representing isomeric A*- and A*-acids, both derived from (IV), (c) as formed from (III) 
or from (IV) by fission at different points in the cyclobutanone ring, 7.¢., on either side of 
the carbonyl group, or (d) as a stereoisomeric (cis-tvans) pair derived either from (III) or 
from (IV). Actually the two fission acids have proved to be a stereoisomeric pair possessing 
the formula (V), since both of them give a tribasic acid, 5 : 5-diphenylpentane-1 : 3 : 4- 


H, 


7 cHPh, HO,C-CH-CHPh, HO,C-‘CH—CPh, Hy” \CHPh, 
H;\ 0,H  HO,C-CH,°CH,°CH:CO,H HO,C-CH,CH,CH—CO H,\ /CO,H 
. H 
(V.) (VI.) (VII.) (VIII) 


tricarboxylic acid (VI), m. p. 210°, on oxidation with permanganate, and one of them in 

addition a hygroscopic and difficultly purifiable acid, which may possibly represent a stereo- 

isomeric form of (VI). The solid tribasic acid (VI) has been synthesised from ethyl 

a-bromoglutarate, according to the following scheme, and it is found that the principal 
a(CO,Et), 

EtO,C*CH,-CH,CHBr-CO,Et — "> Et0,C-CH,CH,*CH(CO,Et)-CH(CO, Et), 

<aeamc> EtO,C-CHy-CH,'CH(CO,Et)-C(CO,Et),CHPh,————> (V1) 
product, the acid, m. p. 219°, is accompanied by a hygroscopic, difficultly purifiable acid 
similar to the foregoing one. 

Exactly the same tribasic acid can be obtained from the cyclohexadiene adduct if the 
above-mentioned two stages of degradation are reversed, so that oxidation precedes 
hydrolytic fission. By this route the acid (VII) is first obtained (one pure form isolated), 
which on heating with alkali yields (VI). 

The structure of the cyclohexene adduct follows from the fact that this substance under- 
goes fission with alkali, yielding thereby a monobasic acid which cannot be other than (VIII), 
since it proves to be identical with the dihydride formed by hydrogenation of the fission 
product (V) from the cyclohexadiene adduct. Clearly, therefore, the adducts formed from 
cyclohexadiene and cyclohexene are (III) and (II) respectively. 

Addition to cycloPentene and to cycloPentadiene.—Similar degradations have been 
carried out with Staudinger’s adduct from cyclopentadiene and diphenylketen, whereby 
this substance has been converted by one route successively into the hydrolytic fission 
product (X) and its oxidation product (XI), or by the reverse route into a gummy oxidation 
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product, presumably (XII), and its hydrolytic fission product (XI). Two forms (m. p.’s 
148—149° and 120—121°) of a monobasic acid corresponding in composition to (X) were 
obtained, and these yielded respectively on oxidation different isomeric forms (m. p.’s 


7 —(Phs 7 CHPh, HO,C-CH:CHPh, HO,C‘CH—CPh, 
H,—Co H—o,H HO,C-CH,*CH-CO,H HO,C-CH,-CH—CO 
(IX.) (X.) (XI) (XII.) 


186—187° and 208—209°) of a tribasic acid agreeing in composition with (XI); and by 
the reverse route the gummy oxidation product proved to be unresolvable into crystalline 
acids, but its major or sole hydrolysis product was one of the above-mentioned forms of the 
tribasic acid, viz., that of m. p. 208—209°. The nature of the two forms of the tribasic 
acid thus obtained—whether structural isomerides formed by hydrolytic fission of the 
cyclobutanone ring in (IX) at different points, or mere stereoisomeric varieties—required 
to be determined. The synthesis of the tricarboxylic acid (XI) by a method similar to that 
described above for the cyclohexadiene derivative (VI) was in progress when Lewis, Ramage, 
Simonsen, and Wainwright (J., 1937, 1838) published an account of the degradation of the 
cyclopentadiene—diphenylketen adduct by a route different from the two indicated above. 
The end-product of these authors was a stereoisomeric pair of tribasic acids the constitutions 
of which were established by synthesis and these corresponded so closely in melting point 
and general character with our pair of acids that it seemed unnecessary to proceed further 
with our synthesis. It is abundantly established, therefore, that the direction of dipheny]l- 
keten addition to cyclopentadiene is that indicated in (IX). 

Although Staudinger and his collaborators did not prepare an adduct directly from 
cyclopentene and diphenylketen, and so enable the identity (or otherwise) of the latter with 
the dihydride of his cyclopentadiene-diphenylketen adduct to be determined, it appears 
from the literature that this comparison of adduct and dihydro-adduct was actually made 
at a later date (although no details have been published) by Alder and Stein (‘‘ Handbuch 
der Biologischen Arbeitsmethoden,”’ Abderhalden, Abteil. I, p. 3107). It follows, there- 
fore, that the cyclopentene adduct has the same relationship to the cyclopentadiene 
derivative as the cyclohexene adduct has to the cyclohexadiene derivative. 

Direction of Ketenic Addition to Olefinic Systems.—Staudinger early showed that sub- 
stances of the type HX (hydrogen halide, hydrogen sulphide, amines, organic acids, etc.) 
form addition products with members of the keten group uniformly according to the 
equation CRR’?CO + HX —» CHRR’CXO and it appears, indeed, that in all the 
numerous observed examples in which a dividing addendum adds to the ethylenic centre of 


-™, 
a keten, polarisation of the latter occurs exclusively in the direction CRR’—C—O. The 
capacity of the carbonyl group of a keten to react additively in its normal kationoid manner 
seems to have been observed in a single example cited by Wilsmore and Deakin (J., 1910, 
97, 1969), in which unsubstituted keten (2 mols.) reacts with hydrogen cyanide (1 mol.) 
to give an unstable compound (presumably XIII),* which is hydrolysable to acetic acid 
and hydrogen cyanide : 


~~ 
CH,:C=O + CN® —> CH,°C(CN)-0® > CH,*CO-O-C(CN):CH, (XIII) 
H 


For the second group of reactions, however, in which members of the keten group function 
as addenda (necessarily, of course, undividing addenda) instead of compounds to which 
‘ addition is made, there has hitherto been insufficient evidence to show whether or not the 


* Staudinger has expressed the opinion that certain addenda of the type HX, e.g., water and 
ammonia, are capable of adding themselves to the carbonyl double bond in the ketens (see Helv. Chim. 
Acta, 1922, 5, 87), and has suggested that Wilsmore and Deakin’s reaction involves the formation of a 
hydrate of the keten, followed by migration of hydrogen, rather than the addition of hydrogen cyanide. 
The successful formation of derivatives with Grignard reagents (Gilman and Heckert, Chem. Zenir., 
1920, III, 310) may perhaps express kationoid reactivity of the carbonyl group of ketens, but seems to 
us more likely to result from C: C additivity. 
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above-mentioned dominant polarising tendency is the only one to be displayed. There is, 
a priori, every reason to expect that this will be the case, and that a conjugated diene will 
always combine with the keten in the manner (A) rather than give the isomeric form (B) ; 


(A) >&Sc—c=ce + stco — >0—-F -ale—“zel (B) >O-¢- oC 
CO-C< >C—CO 


likewise it is to be expected that the adducts formed by treatment of a keten with styrene, 
p-chlorostyrene or ~-methylstyrene (see Staudinger and Suter, Joc. cit., p. 1092) will be 
R CH-CH, is RC )—CH-CH, 

‘—to where R = H, Cl or Me, and not bo-6c : 

The above-mentioned results obtained with cyclic olefins and diolefins unambiguously 
fulfil this expectation, as also do certain new results relating to the addition of diphenyl- 
keten .to styrene which have been published during the course of the present work 
(Bergmann and Blum-Bergmann, this vol., p. 727). If, however, the polarisation 


>>C—C—0 holds for all additions of ketens to unsaturated substances, it would seem to 
be necessary, in order to be able to account for the published results of Staudinger and his 
collaborators on the additivity of the systems ~>C—N-, -N—O, and >C—=S (‘Die 
Ketene,” p. 7688; Klever and Kober, Annalen, 1911, 374, 11), to assume that polarisation 
of these systems can ordinarily take place in either of the possible directions. 

As regards the tendency for four-membered rather than six-membered rings to be formed 
by the action of ketens on conjugated dienes it appears fairly certain from preliminary 
experiments which we have carried out with open-chain butadienes that the latter are 
uniform in behaviour with their cyclic analogues, although both mono- and di-addition 
products seem in some cases at least to be obtainable. 


EXPERIMENTAL. 


Addition of cycloHexene to Diphenylketen.—This adduct, obtained in good yield under the 
conditions described by Staudinger and Suter (Joc. cit.), melted at 130° (Staudinger and Suter, 
m. p. 129—130°) (Found: C, 87-05; H, 7-25. Calc. for Cy.H,.O: C, 86-95; H, 7-25%). 

Fission with alkali. The adduct was refluxed for 1 hour with a solution formed from sodium 
(0-23 g.), methyl alcohol (20 c.c.) and water (4 drops). The alcohol was evaporated from the 
product, and the residue then acidified and extracted with ether. A syrupy acid was obtained 
which, dissolved in light petroleum, slowly separated in small prisms, m. p. 131—135°. 
Repeated crystallisation of the substance from the same solvent gave 2-benzhydrylhexahydro- 
benzoic acid, m. p. 151—152° (Found: C, 81-4; H, 7-25; equiv., 290. C,,H,.O, requires C, 
81-6; H, 7-5%; equiv., 294). The mother-liquors gave on evaporation a gummy residue, 
which, dissolved in light petroleum, gradually separated as a crystalline powder, m. p. 123°. 
This was without doubt a stereoisomeric form of 2-benzhydryl hexahydrobenzoic acid, but was 
extremely difficult to crystallise and hence to purify completely from traces of gummy matter 
(Found: C, 80-9; H, 74%; equiv., 285). 

Adduct of A***-cycloHexadiene with Diphenylketen (7-Keto-8 : 8-diphenyl-A*-bicyclo[4 : 2 : 0]- 
octene).—A mixture of the diene (1 mol.) with diphenylketen (1 mol.) was kept overnight. 
Combination took place rapidly with generation of heat, yielding a solid adduct. This after 
two recrystallisations from methyl alcohol and one from light petroleum formed colourless 
needles, m. p. 132—133°. No second adduct was formed (Found: C, 87-4; H, 6-55. C 9H,,0 
requires C, 87°6; H, 6-55%). ° 

Fission of adduct with alkali. The adduct (2-74 g.) was refluxed on a sand-bath for 70 mins. 
with a solution of caustic potash (5-6 g.) in methyl alcohol (25 c.c.). The product was in turn 
freed from elcohol, taken up in water, filtered, and acidified. The precipitate thus obtained 
(m. p. 130—135°) was dried and crystallised several times from light petroleum. Crystals of 
(presumably trans) 2-benzhydryl-A*-tetrahydrobenzoic acid were deposited as colourless needles, 
m. p. 148—149° (Found : C, 82-35; H, 6-7; equiv., 286. C. H,.O, requires C, 82-2; H, 6-85%; 
equiv., 292). The mother-liquors, on standing, yielded further crystals, which after several 
recrystallisations from light petroleum formed fine needles, m. p. 112°. This was an isomeric 
form (presumably cis) of the same acid (Found: C, 82-1; H, 685%; equiv., 288). 
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Oxidation of fission products. (a) Oxidation of the acid, m. p. 148—149°, with permanganate 
(4 atoms of oxygen) was conducted both in aqueous and in acetone solution. The product in 
each case formed a brown, sticky mass; this, after dissolution in ether, gradually separated in 
crystals which melted from 165° to 198°. Several crystallisations of this product gave 5: 5- 
diphenylpentane-1 : 3 : 4-tricarboxylic acid (high-melting form), crystallising in colourless prisms, 
m. p. 210° (rapid heating, 228°) (Found: C, 67-2; H, 5-6; equiv., 113. Cg y9H O, requires C, 
67-4; H, 5-6%; equiv., 118). 

(b) Oxidations of the acid, m. p. 112°, carried out as described for the preceding acid gave 
always a gummy acidic product which, when dissolved in ether and treated cautiously with’ 
small amounts of benzene, deposited slowly first a quantity of 5 : 5-diphenylpentane-1 : 3: 4- 
tricarboxylic acid, m. p. 210°, and subsequently a very hygroscopic, strongly acidic 
powder. The latter resembled the residual acid obtained during the synthesis of 5 : 5-diphenyl- 
pentane-1 : 3 : 4-tricarboxylic acid, but it could not be satisfactorily purified. 

Hydrogenation of fission product, m. p. 148—149°. The acid absorbed 1 mol. of hydrogen 
(Adams’s catalyst), giving 2-benzhydrylhexahydrobenzoic acid (colourless prisms from methyl 
alcohol, m. p. 150—151°), and proved to be identical with the acid, m. p. 151—152° (mixed m. p. 
151—152°), obtained by hydrolytic fission of the adduct from cyclohexene and diphenylketen 
(above). 

Hydrogenation of adduct. The adduct absorbed 1 mol. of hydrogen (Adams’s catalyst), 
giving a dihydride (colourless prisms), m. p. 130°. This strongly depressed the m. p. when 
mixed with the original adduct, but caused no depression of m. p. when mixed with the adduct 
(m. p. 130°) formed directly from cyclohexene and diphenylketen (see above) (Found: C, 86-9; 
H, 7-1. Calc. for Cy5H,O0: C, 86-95; 7-25%). 

Oxidation of adduct. The adduct (2-74 g.) was refluxed with acetone into which potassium. 
permanganate (4-5 g.) was very gradually introduced. After } hour the mixture was worked 
up and there was obtained a sticky, brown acid which, when it had been dissolved in light 
petroleum, slowly separated in crystalline form, leaving in solution a very small quantity of a 
gummy acid. The crystalline solid was 2 : 2-diphenylcyclobutanone-3-carboxylic-4-propionic 
acid, which, after recrystallisation from ether—benzene, formed colourless prisms, m. p. 205— 
206° (Found: C, 71-1; H, 5-25; equiv., 165. Cj 9H,,0, requires C, 71-0; H, 5-3%; equiv., 169). 

Hydrolytic fission of oxidation product. The above acid, m. p. 205—206°, was refluxed for 
1 hour with methyl-alcoholic sodium hydroxide. The reaction mixture gave on working up a 
gummy acid which solidified on treatment with ether—benzene. This acid, which crystallised 
from the same solvent in shining prisms, m. p. 209—210°, was the higher-melting form of 5: 5- 
diphenylpentane-1 : 3 : 4-tricarboxylic acid, identical (mixed m. p. 209—210°) with that obtained 
above (Found: C, 67-05; H, 5-3%; equiv., 115). 

Synthesis of 5: 5-diphenylpentane-1 : 3: 4-tricarboxylic acid. Ethyl a-bromoglutarate (1 
mol.) was added to granular ethyl sodiomalonate (1 mol.) suspended in dry benzene, and the 
mixture heated on a steam-bath for 48 hours. The product was treated with water, and the 
benzene layer separated, dried and freed from solvent. The residual oil, ethyl butane-1: 1: 2: 4- 
tetracarboxylate, boiled on distillation at 168—170°/0-5 mm. Yield, 62% (Found: C, 55-2; 
H, 7-2. Cy,gH..O0, requires C, 55-5; H, 7-5%). : 

This ester (9-5 g.) was added to pulverised sodium (0-64 g.) suspended in dry benzene (20 c.c.), 
and the whole refluxed for 24 hours. To the cooled product, bromodiphenylmethane (6-78 g.) 
in dry benzene (20 c.c.) was added, and the mixture refluxed for 72 hours. The cooled product, 
on being worked up as before, gave an oily ester which distilled at 252°/1 mm., together with a 
small quantity of a crystalline hydrocarbon. The latter proved to be tetraphenylethane, m. p. 
224° (Found : C, 93-25; H, 6-25. Calc. for C,,H,,: C, 93-4;.H, 6-6%). The ester was directly 
hydrolysed by refluxing for 4 hours with a slight excess of alcoholic potassium hydroxide. The 
reaction mixture gave, on being worked up, a crude crystalline powder, m. p. 90—150°: this 
slowly lost carbon dioxide and passed into solution when boiled for many hours with dilute 
sulphuric acid. The hot filtered liquor deposited, on cooling, crystals of 5 : 5-diphenylpentane- 
1:3: 4-tricarboxylic acid. These melted after several crystallisations from ether—benzene in 
shining needles, m. p. 210° (228° rapid heating) and proved to be identical (mixed m. p. 209— 
210°) with the acid, m. p. 210° (rapid heating, 228°), obtained by degradation of the cyclo- 
hexadiene adduct in the two ways described above (Found: C, 67-0; H, 5-7%; equiv., 118). 
The ether—benzene mother-liquor contained a highly hygroscopic acid, which could be precipitated 
as a white powder but on account of its rapid absorption of moisture could not be satisfactorily 
purified or identified as a stereoisomeric form of 5: 5-diphenylpentane-1 : 3 : 4-tricarboxvlic 
acid. 
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Addition of cycloPentadiene to Diphenylketen.—This adduct, obtained as described by 
Staudinger and Suter (loc. cit.), melted at 89—90° (Found: C, 87:7; H, 5-95. Calc. for 
C,,5H,,0: C, 87-7; H, 615%). Yield, 85%. Careful fractional crystallisation of the numerous 
batches of the crude adduct showed that no second addition product was formed. 

Fission of adduct with alkali. The addition product was hydrolysed for 1 hour with a very 
slight excess of methyl-alcoholic potash. The product was freed from alcohol, dissolved in water, 
filtered, and acidified. The precipitated crystalline acid (m. p. 125—127°) was fractionally 
crystallised from light petroleum, and thereby yielded two isomeric forms of 2-benzhydrylcyclo- 
pentene-1-carboxylic acid. One of these, m. p. 148—149°, formed long shining needles, sparingly 
soluble in petroleum (Found: C, 82-1; H, 6-6; equiv., 282. C,H,,O, requires C, 82-0; 
H, 6-5% ; equiv., 278); the other formed crystalline aggregates, m. p. 121—122°, very soluble in 
petroleum (Found: C, 81:9; H, 645%; equiv., 280). The same two acids were obtained 
also when greatly increased proportions of caustic alkali were used, and also when the duration of 
hydrolysis was increased (up to 18 hours). 

Oxidation of the fission product. (a) The acid of m. p. 148—149° (0-5 g.), dissolved in 10 c.c. 
of acetone, was heated while potassium permanganate (0-9 g.), dissolved in boiling acetone, was 
gradually introduced. The product when freed from manganese oxide and acidified gave a 
white acidic precipitate : this was filtered off, and the remainder of the acidic product extracted 
with ether. The 4: 4-diphenylbutane-1 : 2 : 3-tricarboxylic acid thus obtained, after repeated 
crystallisations from benzene-ether, formed colourless plates, m. p. 186—187° (Found: 
C, 66-7; H, 5-4; equiv., 115. Calc. for C,jH,,0,: C, 66-6; H, 5-3%; equiv., 114). 

(b) Oxidation of the acid, m. p. 121—122°, conducted in a similar way, gave a solid acid 
which crystallised from ether—benzene in small colourless needles, m. p. 208—209°. This acid 
was a higher-melting form of 4: 4-diphenylbutane-] : 2: 3-tricarboxylic acid (Found: 
C, 66-8; H, 55%; equiv., 116). 

Lewis, Ramage, Simonsen, and Wainwright (loc. cit.) assign to the two isomeric forms of 
4: 4-diphenylbutane-1 : 2 : 3-tricarboxylic acid synthesised by them the m. p.’s 186—187° 
and 208—209°. 

Oxidation of the adduct. The adduct (0-26 g.) in acetone (16 c.c.) was refluxed for $ hour 
with potassium permanganate (0-5 g.) dissolved in acetone (30 c.c.). The liquid was filtered, 
and the manganese mud dried and extracted with warm water. The aqueous extract yielded 
on acidification a gummy acid which could not be obtained in solid condition. 

Hydrolytic fission of the oxidation product. The gummy acid (0-1 g.) was refluxed for 25 mins. 
with a slight excess of methyl-alcoholic sodium hydroxide. The product being worked up, a 
white crystalline acid was obtained which after twice recrystallising from ether—benzene melted 
at 208—209°. This acid was found by direct comparison to be identical with the higher-melting 
acid (m. p. 208—209°) obtained by the hydrolytic fission—oxidation procedure described above 


(Found: C, 66-5; H, 5-3%; equiv., 112). 
We desire to thank the Royal Society and the Chemical Society for grants (to E. H. F. and 
M. O. F. respectively). 
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363. Physicochemical Aspects of Bacterial Growth. Part I. Dependence 
of Growth of Bact. Lactis Aerogenes on Concentration of Medium. 


By S. Dactey and C. N. HINSHELWooD. 


When Bact. lactis aerogenes grows in an artificial glucose-phosphate-ammonium 
sulphate medium, the final concentration of organisms reached varies with the 
concentration of the foodstuffs in such a way as to show that exhaustion of the latter, 
rather than the accumulation of toxic products, is over a wide range the factor limiting 
growth. Over this same range the mean generation time of the organisms is nearly 
independent of the concentration of the foodstuffs. : 


From the physicochemical point of view a bacterium is a colloidal particle endowed with the 
property of growth and division as a result of synthetic processes performed on materials 





[1938] Physicochemical Aspects of Bacterial Growth. Pari I. 1931 


absorbed from the surrounding medium. The growth of a bacterial culture shows three 
stages: a lag phase, not always observed, during which division is abnormally slow, a 
logarithmic phase during which the number of organisms increases exponentially with 
time, followed by a rapid fall in growth rate to a stationary phase where the total number 
has reached a limit which may be called the stationary population or stationary 
concentration. In the logarithmic phase the rate of growth is directly proportional to the 
number of organisms at any instant: dn/dt = kn, whence log n/n, = kt. The rate of 
growth is conveniently measured by the “‘ mean generation time,’ which is the time 
required for the number of organisms to double. 

The present investigation deals from the physicochemical point of view with factors 
determining the mean generation time and the stationary concentration in various media 
of the organism Bact. lactis aerogenes. 

Technique.—Growth curves were obtained as follows. A sample from the growing 
culture was taken with a Pasteur pipetté, and a drop of formalin was added to kill the 
organisms, the time being noted. The cells were then stained with methylene-blue and 
counted, using a Thoma hemocytometer with a chamber 0-02 mm. deep, and a ruled grating 
of which 16 small squares, each z$y Sq. mm. in area, covered the microscope field. The 
counts recorded below are averages for several fields, and.can be converted into numbers 
per c.c. by multiplying by the factor 1-25 x 10°, 

Inocula were of two kinds. When “ loop”’ inocula were used, a small sterilised loop 
of wire, capable of holding a film of about 0-6 x 10~-*c.c. of culture, was dipped first into a 
stock culture of the organisms in bouillon and then into the medium to be inoculated. 
A “‘ pipette ’’ inoculum was larger and consisted of about 0-1 c.c. of a culture which had just 
attained its stationary concentration. The small pipette, constructed from a drawn-out 
capillary tube, was calibrated, so that, the stationary concentration of the inoculating 
medium being known, the initial count in the fresh culture could be calculated. 

The medium for the experiments of Part III was double strength veal bouillon (py 7-6), 
but in Parts I and II synthetic media were used (Gladstone, Fildes, and Richardson, Brit. 
J. Exp. Path., 1935, 16, 335) consisting of mixtures of the following solutions : 


500 c.c. with sterile water. 


Solution 1: 4-5 g. of KH,PO, } Buffered with 26 c.c. of M-NaOH and made up to 


1 g. of (NH,),SO, 
Solution 2: 0-4% MgSO,,7H,O 
Solution 3: 10% glucose solution. 


All cultures were incubated in a thermostat at 40-0°. 

The Stationary Phase.—There are several theories to account for the cessation of growth 
in this phase. One obvious possibility is exhaustion of foodstuff, but since some 
investigators have stated that the organisms of a natural medium can be filtered off and the 
sterile filtrate used to support the growth of a fresh culture, the phenomenon cannot be 
due always to this exhaustion. According to Bail (cf. Topley and Wilson, “‘ Principles 
of Bacteriology and Immunity,” 1936, p. 81), the cells have filled all the available 
“ biological space ’’; other authors assume that the cells have consumed all the oxygen in 
the solution or that the accumulated toxic products of metabolism are responsible for the 
rapid fall in growth rate. These hypotheses lead to different consequences which should 
be verifiable by experiment. We may first consider the effect of the waste products on the 
rate of growth. The toxic action of a substance is some function of its concentration, and 
in a simple case, such as that exemplified in Part III, the expression for the growth rate, 
dn/dt = kn, may become of the form du/dt = kn(1 — ac). If, on the average, an organism. 
produces the toxic substance at a rate 7, then dc/d# = mr, whence 


t 
car] mdf 
0 


and therefore 
t 
dn jdt = hn (1 a ar | n. dt) 
0 
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The assignment of correct values to « and 7 will only enable the rate of growth to be 
predicted if the area beneath the growth curve is known. The stationary concentration 
is reached when du/dt = 0. Determined in this way, it should not be decreased by 
diluting the medium. As appears later, dilution over a considerable range does not alter 
the actual rate of growth appreciably ; therefore at the end of a given time the same number 
of organisms would ceteris paribus have grown. They will in this time have produced a 
concentration of toxic product which at least will not be greater than in the more 
concentrated medium. The stationary concentration will therefore not be decreased. 

On the other hand, if growth ceases in the stationary phase because all the foodstuff 
has been consumed, the problem is simple, since the equation da/d¢ = kn remains 
unmodified. If g is the concentration of a foodstuff at an instant ¢, and if the average rate 
of consumption is f per organism, — dg/d¢ = fn, and 


t 
g=g—f | mat 


When g = 0, n= ,, and neglecting my, the initial count, we have = g,k/f, so that 
N, C Lp, t.e., the stationary concentration attained is proportional to the amount of food- 
stuff available. 

The first part of the investigation was therefore to vary the amounts of glucose and of 
phosphate in the medium and determine whether the stationary concentration would 
remain nearly unchanged as the first iypothesis requires, or would obey the linear relation- 
ship deduced from the second. 

This relation is, in fact, found to hold up to stationary concentrations of about 500 
million bacteria per c.c., as is seen from Fig. 1, in which the concentration of phosphate 
solution (soln. 1, above) is plotted against stationary concentration. At higher 
concentrations, departure from linearity occurs either because toxic products have 
accumulated or because the supply of dissolved oxygen has been exhausted by the large 
number of cells in the culture. In Fig. 1 the points referred to as set A were determined 
from growth curves of solutions containing 10 c.c. of glucose (soln. 3), 0-3 c.c. of magnesium 
sulphate (soln. 2), # c.c. of the phosphate mixture (soln. 1) and (10 — #) c.c. of sterile 
water, p being varied from 0 to 10 c.c. Set B was for mixtures of 5 c.c. of soln. 3 (which 
provides excess glucose, as will be shown), 0-3 c.c. of soln. 2, # c.c. of soln. 1, and (15 — #) 
c.c. of sterile water, where # was in turn 5, 10, and 15c.c. The growth curves of all these 
cultures are shown in Fig. 2, the inoculum for set A being two loops of a stock bouillon 
culture which showed a lag phase, whilst that used for set B was a pipette inoculum of cells 
which had just reached the stationary phase in a synthetic medium and consequently 
showed no lag. The value of the stationary concentration evidently depends only on the 
amount of foodstuff present and, unlike the growth rate, is independent of the past history 
of the inoculum. The amount of phosphate solution necessary to enable the organisms 
of a loop inoculum to grow to the number in a pipette inoculum is very small: it is 
equivalent to a stationary concentration of about 3; so that a negligible error arises by 
changing the mode of inoculation in this way. The solutions of Set C for high phosphate 
concentrations contained 10 c.c. of soln. 3, 0-3 c.c. of soln. 2, P c.c. of a phosphate solution 
five times stronger than normal, and (10 — P) c.c. of sterile water: these phosphate 
concentrations are multiplied by 5 in Fig. 1 to convert them into the standard c.c. of 
phosphate. 

In another series of experiments the amount of phosphate was kept constant at 10 c.c., 
0-3 c.c. of soln. 2 was added, and the glucose concentration was varied. The 10% glucose 
solution used previously was shown to be relatively far stronger than the phosphate, and 
was hence diluted 20-fold. Fig. 3 shows that the stationary concentration at first increases 
linearly with the glucose concentration and then tends to become independent of it. The 
reason for the bending over of the curve proves, however, to be a secondary one, and due 
to the exhaustion of the phosphate by the growths which the larger glucose concentrations 
can support. When additional phosphate is provided, the curve continues along the dotted 
line as indicated. This is, in fact, already evident from Fig. 1, where, for example, increase 
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in glucose from 5 to 10 c.c. changes the stationary concentration from 380 to 360, the 
phosphate being 10c.c. If, however, the phosphate is increased to the equivalent of 30 c.c. 
for the 10 c.c. of glucose, the stationary concentration rises to 890. It appears that quite 
a small amount of glucose is enough to allow the consumption of large amounts of phosphate, 
and over a wide range of concentration the exhaustion of the phosphate continues to be 
the factor determining the stationary concentration ultimately reached. It is remarkable 
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that when the curve of Fig. 3 bends round it does not remain absolutely parallel to the axis. 
The stationary concentration increases from about 210 at 3 c.c. to 250 at 10 c.c. of 0-5% 
glucose, and the increase continues to 360 when the same amount of phosphate with 5 c.c. 
of 10% glucose is present. With 10 c.c. of 10% glucose, however, the stationary 
concentration is still about 360, showing that the curve has become quite parallel to the 
axis at these higher glucose concentrations. This would indicate that, if the cells are 
provided with a given amount of phosphate solution, they can grow to a greater stationary 





5 10 15 20 25 30 35 40 45 
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concentration, up to a certain limit, the greater the excess of glucose present : in some way 
they are able to utilise one foodstuff more efficiently if an excess of another is provided, 
The stationary concentrations are recorded in Tables I and II. 
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TABLE I. 
Stationary concentrations at various concentrations of phosphate. 


(The phosphate concentration is expressed in c.c. of ‘‘ standard ’* phosphate~ammonium sulphate 
mixture.) 


Phosphate concn. (c.c.) 2 4 5 6 8 10 15 30 45 
Stationary concn. 140 170 210 295 360,380 510,630 890 1100, 1180 


TABLE II. 


Stationary concentrations at various concentrations of glucose. 


(The glucose concentration is expressed in c.c. of 0-5% glucose.) 


Glucose concn. (C.C.) .......s.cceses 0-8 1 2 3 4 5 8 10 
Stationary COMCD. .......cccccccseee 74 100 156 220 212 206 254 233 


The influence of hydrogen-ion concentration on the growth rates and on the stationary 
counts is itself an interesting problem which is being investigated. Although acid is 
produced during growth, changes of py are not relevant to any of the conclusions in Parts 
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I, II, and III. In Part I, the argument that cessation of growth is not due to the 
accumulation of a toxic product applies even though the potentially toxic product be 
regarded as hydrions themselves. In Part II, the carbon dioxide concentration is varied 
with all other factors constant : and Fildes and collaborators have shown that the carbon 
dioxide effect is not in itself a py effect at all. In Part III, again, all conditions are constant 
except the concentration of the alcohols : the medium is, in fact, a buffer solution, and the 
logarithmic growth curves, some of which are reproduced in the paper, show that there 
is a constant mean generation time over a large range of growth. Consequently, acid 
production by the organism can hardly be supposed to influence the results. 
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Growth Rates——The growth curves for the organisms at various concentrations of 
foodstuffs did not reveal a dependence of growth rate on foodstuff concentration corre- 
sponding to the relationship existing for stationary concentrations. Table III summarises 
the results. At the time when these experiments were made, the method of controlling 
inoculum and gas atmosphere had not been developed. With this (Part II), much more 
consistent results could have been obtained, but repetition of the experiments was not 
considered worth while in the present instance since even when the glucose concentration 
was varied 250-fold, the changes in growth rate were purely random. It may be concluded 
that even at the lowest concentrations of glucose used there is sufficient of it in the solution 
to provide for complete saturation of the active centres; it is continually supplied at a rate 
sufficient for maximum growth rate until all of it is consumed. Glucose solutions more 
dilute than those listed in Table III cannot be investigated by the present technique, since 
the stationary concentrations corresponding to them will be so low: growth will have 
ceased before a satisfactory count can be obtained in the hemocytometer. The following 
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TABLE III. 
The Effect of Variation of Foodstuff Concentration on Growth Rate. 


1. Glucose. In the media there were the following solutions: 10 c.c. of phosphate, 0-3 c.c. of mag- 
mesium sulphate, and g c.c. of glucose, the whole being made up in each case to 20-3 c.c. by the addition 
of (10 — g) c.c. of sterile water. 


Bf  ceuverenadscibasessssnceinssiscenese 0-04 006 008 O10 O12 O14 O19 0:20 0-30 
Mean generation time (mins.) 68 58 59 60 72 68 68 60 60 
# pad eninhesgtnnnenehenarhessocuannees 0-5 1-0 2-0 3-0 4-0 5-0 80 10-0 

Mean generation time (mins.) 56:5 42-5 61 28 36-5 52 41 38 


2. Phosphate. The same procedure was adopted in this case, the glucose being kept constant at 
10 c.c., and the phosphate concentration varied. 


PROCSPRSLS (C.6.)- coqeececevecvocesesepeccvevessuve 2 4 6 8 
Mean generation time (mins.) ............+.. 44 44-5 50 49 
3. Magnesium sulphate. Glucose and phosphate concentrations constant at 10 c.c. each. 
EAs CRBS. cinencrrsivecesnnscsaeorcns 0 0 0-2 0-3 0-5 
Mean generation time (mins.) ...... 43-5 53°5 64-5 46 51 


The inocula in all cases were two loopfuls of stock bouillon cultures. 


considerations confirm the view that changes in growth rate would only occur at such 
low concentrations. 

Suppose the bacteria grow to a stationary concentration », in a medium containing 
initially a concentration of foodstuff c,, », being of such magnitude that all the food is 
consumed when the stationary phase is reached and complications due to oxygen exhaustion 
or the accumulation of toxic products do not arise. The amount of foodstuff, c, which has 
been consumed by the organisms in growing to a count ” at an instant ¢ will be that required 
to support a stationary concentration of m and can be read off from curves such as Figs. 1 
and 3. We can thus relate c, — c, the amount of foodstuff still unused at the instant 
t, with the mean generation time; the latter will remain constant almost to the point 
at which the stationary phase is reached, since the curve is linear nearly to that point. 
The abruptness of attainment of the stationary phase is an indication of the extent to 
which a solution must be diluted before the growth rate is affected,,and the range of 
concentration over which this may occur can be estimated by plotting the slopes of the 
tangents to the curve in this region where food is rapidly becoming exhausted against the 
values of c,—c obtained in the manner indicated. This was done for a carefully 
determined curve for a medium in which phosphate exhaustion was the limiting factor : 
with 2 c.c. of phosphate solution present, the mean generation time was 44; when the 
phosphate concentration had fallen to 0-3 c.c. it was 85, after which it fell rapidly, and 
when 0-1 c.c. of phosphate was left it was 230, and at 0-05 c.c., 330. Thus no considerable 
change in mean generation time would occur until the concentration of phosphate solution 
was 0-3 c.c.: this corresponds to a stationary concentration of about 8, and hence the 
growth curve could barely be determined by using our present technique. 

[Received, July 6th, 1938.] 





364. Physicochemical Aspects of Bacterial Growth. Part II. Quantit- 
ative Dependence of the Growth Rate of Bact. Lactis Aerogenes on the 
Carbon Dioxide Content of the Gas Atmosphere. 


By S. DaAGLEy and C. N. HINSHELWooD. 


In a synthetic medium, Bact. lactis aerogenes will not grow in the complete absence 
of carbon dioxide. A quantitative investigation of the relation between growth rate 
and the concentration of carbon dioxide shows that the rate increases rapidly to a 
limiting value, reached when the concentration of carbon dioxide in the gas phase is 
about 0-15%. 


GLADSTONE, FILDES, and RICHARDSON (Brit. J. Exp. Path., 1935, 16, 335) investigated the 
effect on nine different organisms of bubbling streams of carbon dioxide-free air through 
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freshly inoculated media, and found that in most cases growth was inhibited, whilst in 
those where it was not, they suggested that the gas stream had failed to remove completely 
the carbon dioxide produced in cell respiration. 

Since the effect was shown not to depend upon changes of fq, we have here a good 
opportunity for making a quantitative study of a fundamentally important growth re- 
action. Having found that Bacterium lactis aerogenes also fails to grow in the phosphate 
glucose medium in the complete absence of carbon dioxide, we decided to determine the 
relation between the actual growth rate and the percentage of carbon dioxide in an air 
stream bubbled through the medium. 

The principle of the experiments was as follows. Preliminary observations showed that 
the optimum concentration of carbon dioxide was quite small ; the required gas atmospheres 
were therefore maintained by drawing through the culture tube mixtures of pure air and air 
containing a small fixed percentage of carbon dioxide, the proportions being varied and 
measured by calibrated capillary flow-meters of the usual type. Since the flow-meters 
employed had a large range of sensitivity, accurate measurement of the small carbon 
dioxide percentages was possible. 

The growth curves are shown in Fig. 2, and the relations between growth rate and 
carbon dioxide concentration are shown in Figs. 3 and 4 and Table I. 
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(c) The Apparatus for Concentration of C0, greater than 0-03 % 


TABLE I. 


The Dependence of Growth Rate on Carbon Dioxide Concentration. 


(T is the time, in mins., for the count to reach 100; and T, is the mean generation time, in mins.) 


CO,, %, in gas phase 5:3 1-2 0-17 0-088 0-030 0-020 0-0159 0-0082 0-0055 0-0038 
ET  héensadssnscosetaceccses 347 295 330 372 575 630 680 825 950 1350 
TOGTE casseveccsoccssece 1-44 1-69 1-51 1:34 0-87 0-79 O73 060 053 0:37 
Fg. Sicdcdipesrcecotescvions 92-5 55 55 72-5 145 175 240 192 195 330 


Before these are discussed the experimental method will be described in greater detail, 
and, in particular, the standardisation of the inoculum will be explained. This is essential 
if reproducible results are to be obtained. : 


The apparatus is shown in Fig. 1. The culture tube consisted of two parts fitting together 
at the ground joint C, the upper part carrying the tube 4, by which the gas stream entered, and 
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B, by which it was sucked out. Samples were taken through D at intervals during growth by 
means of long Pasteur pipettes, D normally being closed by a ground glass cap. In preparing 
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this culture tube, rigidly aseptic techniqye was used, the large luminous flame of a hand blow- 


pipe proving a useful auxiliary in this part of the work. For most experiments the percentage 
of carbon dioxide required was less than the 0-03% present in ordinary air. A supply of gas 
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of this content entered the apparatus by a long tube leading to the fresh air outside the labora- 
tory, being filtered through cotton-wool and divided into two parts. One part, measured by 
the flow-meter F, was freed from carbon dioxide by an efficient potash train, and the other, 
still containing its 0-03% of carbon dioxide, was measured at G so that it could be mixed with the 
pure air in any desired proportion. The rates of flow, and thus the proportions, could be 
adjusted by means of the taps shown in the diagram. When concentrations of carbon dioxide 
greater than 0-03% were required, the arrangement shown in Fig. lc was used. Ordinary air 
and pure carbon dioxide were mixed to give a gas containing about 10% of the latter as cal- 
culated from readings of the flow-meters K and L. Most of this gas was allowed to escape from 
the bottle P, but a small fraction of it passed through the fine flow-meter M and was mixed in 
the required proportion at O with the carbon dioxide-free air measured by N. In all the ex- 
periments the total rate of flow through the culture tube was maintained at 20 divisions of the 
flow-meter N, or the equivalent of this reading on one of the others. This corresponded to a 
fairly brisk bubbling of the gas through the solution. A large bottle interposed between the 
filter-pump operating the stream and the rest of the apparatus served to keep the readings of 
the flow-meters steady. To prevent evaporation from the culture tube, the air stream was 
first drawn through a tube of sterile water at the same temperature. 

A standard technique of inoculation was found to be essential. The stock culture was 
grown in bouillon : this was not used directly for the experiments, but two loops of it were used 
for inoculating a medium consisting of 10 c.c. each of glucose and phosphate solutions with 
0-3 c.c. of magnesium sulphate (see Part I), which was that used in the growth experiments 
themselves. This subculture was allowed just to grow to a stationary concentration, , of about 
350, which was counted. A small sterile pipette of known volume (about 0-1 c.c.) was then 
used for inoculating the new medium. It was important not to remove the first culture from 
the thermostat during this time, since chilling was found to have an adverse effect on subsequent 
growth. The initial count of the new medium was known approximately from the total count 
of the old and the dilution ratio, and was nearly equal to the viable count, as shown by the fact 
that in appropriately chosen circumstances the new growth curve of log m against ¢ could be 
extrapolated back to cut the log ” axis at a point close to that indicated by the estimated initial 
value of n. 

The inocula used were rather large. This had the disadvantage that the initial stages of the 
growth curves were still influenced to some extent by the previous history of the culture: but 
the practical convenience was considerable, since measurable growth appeared in a shorter 
time, and the results were more reproducible and more certain. When the growth period is 
unduly protracted, quantitative results become more difficult to obtain. 

The preparation of the inoculum has a great effect on growth rate, and the method adopted 
was based upon the following preliminary observations. 

The growth rate of the organism used could be doubled by repeatedly sub-culturing in the 
artificial medium, an example of the phenomenon of “ training ”’ (cf. Graham-Smith, J. Hyg. 
Camb., 1921, 19, 133), which is illustrated in Table II. Therefore, the inoculum used in the 


TABLE II. 


The Effect of ‘‘ Training ’’ on Growth Rate. 


ZT. 500/T. Tg. 
CO,, %, c o. ‘ c - = - se ~~ 

in gas. Trained. Untrained. Trained. Untrained. Trained. Untrained. 
0-17 257 330 1-94 1-51 28 55 
0-088 330 372 1-51 1-34 60 72-5 
0-0082 495 825 1-01 0-60 90 192 
0-0038 845 1350 0-59 0-37 190 330 











final experiments was always freshly standardised as decribed above. This method had the 
advantage that the organisms, having only just reached their stationary concentration, showed no 
lag period. In the artificial medium, quite long and erratic lag periods occurred with older 
organisms or cultures of which the temperatures had not been controlled. 

A stream of pure carbon dioxide passing through the culture medium, so far from having a 
stimulating effect on growth, retards it, the average value of the mean generation time for 9 
experiments in which carbon dioxide was passed being 85 minutes, with a mean deviation of 
6 minutes, whilst without carbon dioxide the average value for 6 experiments was 56 minutes 
with a mean deviation of 4 minutes. 

This adverse effect, however, does not appear unless the concentration of carbon dioxide is 
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quite high. In the region of low concentrations the growth rate increases rapidly with the amount 
of carbon dioxide to a practically constant limiting value. 
With regard to the main series of experiments summarised in Figs. 3 and 4, the question 
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arises how far the results are a function of the actual rate of bubbling of the gas stream through 
the medium. Fig. 5 shows thé growth curves corresponding to flow-meter readings of 5, 20, 
and 80 respectively, whence it appears that a 16-fold variation in the rate of the gas stream has 
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little if any influence on the growth. This proves that equilibrium is established between the 
carbon dioxide in the gas and that dissolved in the solution. 

Under normal conditions, Bact. lactis aerogenes in the artificial medium gives a strictly linear 
growth curve (cf. Part I, Fig. 2; Part II, Fig. 3) during the period of active multiplication. In 
the experiments with amounts of carbon dioxide insufficient for maximum growth, the rate is 
greater in the initial stages than that to which it settles down later (Fig. 2). This suggests that, 
although the carbon dioxide in the gas is in equilibrium with that in solution, the latter is not 
in equilibrium with that retained inside the cells of the inoculum when they are transferred from 
the old medium to the new. The cells, therefore, grow at a rate corresponding to a greater 
carbon dioxide concentration until the excess has either escaped by diffusion or been diluted by 
repeated division of the original cells. It must be admitted that the abnormal initial part of the 
curve would be much less in evidence if a smaller inoculum were used : but the practical diffi- 
culties of this procedure have already been indicated. 

The nature of the curves made it advisable to record the growth rates in two ways: the 
first by the mean generation times, read off from the curves after the initial disturbance is over, 
and the second by the times required to reach a count of 100, which corresponds to a point well 
beyond the bend. Although the former is more theoretically significant, the latter is more 
reliable practically. The two, however, lead to very similar curves. 

The growth medium used has a minute partial pressure of ammonia, which may therefore be 
swept away by the gas stream. When, however, this loss was compensated for by bringing the 
gas into equilibrium with a similar solution at the same temperature before it entered the culture 
tube, there was no effect on growth, as shown in Fig. 5. 

In Table II are recorded some results which show how the whole curve of growth rate against 
carbon dioxide concentration is more or less uniformly raised when the standard inoculum is 
replaced by one sub-cultured three times instead of once in the artificial medium. 

Fig. 3 shows the reciprocal of the time to reach a count of 100 (the times x 500 to give 
convenient units) plotted against carbon dioxide concentration in the gas phase; and Fig. 4 
shows a similar curve for the mean generation time. It appears that above a concentration of 
about 0-15% there is little increase in growth rate. Presumably, those active centres providing 
the seat for the biochemical processes in which carbon dioxide performs its essential function 
have become saturated with that gas. Ata concentration of 5% the carbon dioxide is exerting 
the adverse effect already referred to. 

When the amount of carbon dioxide in the gas phase is 0-15% the amount dissolved in pure 
water at 40° is 4 x 10-* g.-mol. perc.c. The growth medium is slightly on the alkaline side, 
so that the total solubility may be increased, but any excess of gas dissolved will not be present 
as free carbon dioxide but as carbonate or bicarbonate ion. These, as Gladstone, Fildes, and 
Richardson showed, will not replace carbon dioxide itself. By taking the solubility in water, 
therefore, we shall probably have a roughly correct idea of the amount of the active agent in 
solution. The volume of an organism is of the order 10-!*c.c. If the carbon dioxide pervaded 
the system without being selectively taken up, the number of molecules within the confines 
of the cell would be 2-4 x 104 when saturation is reached. This concentration is about 10,000 
times smaller than that of the glucose in the normal growth medium. 


[Received, July 6th, 1938.) 





365. Physicochemical Aspects of Bacterial Growth. Part III. 
Influence of Alcohols on the Growth of Bact. Lactis Aerogenes. 


By S. DaGLey and C. N. HINSHELWooD. 


The lowering by normal aliphatic alcohols of the growth rate of Bact. lactis aerogenes 
is an approximately linear function of their concentration, and the inhibiting power 
of a given alcohol increases exponentially with its chain length. These observations 
are compared with others possessing possible physicochemical analogies and dis- 
cussed in connexion with theories of toxic action. 


THE influence of alcohols in inhibiting bacterial growth, and in narcotising other cells, is 
well known, and the present paper describes a quantitative study of the effect of a series of 
aliphatic alcohols on the division rate of Bacterium lactts aerogenes. 
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The methods of measurement employed were the same as those described in Part I, 
except that the culture medium was ‘double-strength veal bouillon of fy 7-6, in which the 
cultures grew without appreciable lag period. 

In general, complete growth curves were determined, and the mean generation time read 
off from the logarithmic slope. In the absence of lag, since log /n) = ht, the time for a 
constant inoculum to grow to a given count is inversely proportional to k, so the reciprocal 
of this time may be used as a measure of the growth rate. In Figs. 1 and 2 and the tables 
results are given for the influence of the alcohols both on the mean generation time and on 
the time for log ™ to increase to 1-0. The values of » are the actual counts in 16 small 
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hemocytometer squares: the total population in organisms per c.c. is obtained by mul- 
tiplying ” by 1-25 x 108. 

The alcohols used were all pure specimens, introduced in the required amount into the 
culture medium by sterile pipettes just before inoculation. The most important facts 
which the figures and tables reveal are: (1) The inhibiting effect of the alcohol increases 
almost linearly with the concentration for small additions. (2) The inhibiting effect 
increases very rapidly with the length of the hydrocarbon chain of the alcohol. (3) The 
curves obtained by plotting the ratio of the mean generation times are closely similar to 
those obtained by plotting the ratio of the times to log » = 1-0; this shows that the 
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alcohols have little influence on the lag period, which remains negligible throughout all 
the experiments. 

The first point follows from a simple theoretical treatment. The interior of a cell 
presents a complex structure in which the distinction between the surface and any con- 
tinuous phases present is difficult to define. We shall refer to it simply as an assemblage of 
structural elements. Let s be the number of the structural elements concerned in the 
growth and division of the organism. In the absence of alcohol the growth rate is given by 
dn/dt = k,sn or log n = k,st + const. We may suppose that the alcohol puts a certain 
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number of the elements out of action, and that the number affected is proportional to the 
concentration of the alcohol. The growth rate is now 
dn/dt = k,s(1 — k,c)n or log n = k,s(1 — k,c)t + const. 
and the mean generation time in presence of alcohol is 
T, = 0-693/k,s(1 — Rye) 
and that in absence of alcohol is 









































whence T,/T, = (1 — Rc) 
This relation is approximately fulfilled, as illustrated by the figures. 
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The question arises whether the action of the alcohol is confined to a simple inhibition 
of cell division, or whether it is more drastic, causing the actual death of the organisms. 
If x and y are respectively the numbers of living and dead cells at the time ¢, we may write 


for reproduction dx/dt = k,x — dy/dt 
for death dy/dt = k,x 
whence dx/dt = (k, — Ry)x 


If ky is proportional to the alcohol concentration, this equation is of the same form as that 
derived above, so that a formal distinction between the two hypotheses is difficult when 
using the technique of total counting. But on quite general grounds we know that re- 
production is a function much more sensitive to adverse influences than is mere survival. 
Thus, since the organisms do in fact grow under the conditions of these experiments, it 
seems much more probable that the first action of the alcohol is to reduce the division rate, 
rather than to leave it unchanged while balancing it with a greatly increased death rate. 
Taken over longer periods, of course, it is clear that the alcohol will actually kill the or- 
ganisms, but its first effect, which is what we are measuring here, is that of inhibiting 
division. 

The mode of action of the alcohols must now be discussed. The characteristic relation 
which should provide some clue to this mechanism is the remarkable increase of the con- 
stant k, with the chain length of the alcohol, a relation paralleled in the case of other toxic 
actions of alcohols. Two main theories have been advanced to explain the action of a 
narcotic on a cell (cf. Trans. Faraday Soc., 1937, 33, 1057, 1062) : the first postulates that 
the narcotic is adsorbed on certain active centres, and the second that it dissolves in the 
lipines of the cell. The distinction between adsorption and solution is, however, indefinite 
for a cell with its complex internal organisation, and it is difficult to say whether phenomena 
such as the penetration of substances between oriented micellar units, and the change in 
protein structure which occurs on stretching fibres are to be termed surface effects or not. 
It seems simpler to speak of the action as due to penetration and attachment to structural 
units of the organism without attempting to draw any rigid distinction between adsorption 
and solubility. 

Even so, two possibilities arise in connexion with the growth-inhibiting action of the 
alcohols. It might be due to an attachment of the alcohol to some active centre by means 
of its hydroxyl group, the marked effect of increasing chain length being due to the greater 
area (or volume) throughout which the long, anchored chain, possibly waving about, 
could exert its disturbing influence on the vital functions. It might, on the other hand, 
be due to the affinity of the hydrocarbon groups of the alcohols for certain lipoid elements 
in the structure. According to the first hypothesis, the inhibitory action of the alcohol 
should be proportional to the area (or volume) which the chain shields, and should thus 
vary as the square (or cube) of the chain length. This picture of toxic action is realised in 
the experiments of Maxted and Evans (J., 1937, 603, 1004) on the poisoning of catalytic 
surfaces of platinum by aliphatic thiols and sulphides. If k, and k, are respectively the 
activities of the catalyst when unpoisoned and when in presence of a concentration c of the 
sulphur compound, then k, = kp(1 — ac), which may be compared with the equation given 
above for the action ofalcoholson growth. But the variation of « with the chain length of the 
compound is quite different from that observed in the growth experiments. If the slopes of 
the curves in Figs. 1 and 2 are plotted against the square of the chain length there is not 
even a rough proportionality. The only relation which expresses the results is one which 
makes the inhibiting action increase exponentially with the chain length. 

Now, not only is the linear relation between the logarithm of the inhibiting power or 
toxicity and the chain length a general one, but it appears that the slopes of the curves are 
usually the same if the same units are employed, the effect of adding one carbon atom to 
the chain being to make the alcohol about three times as toxic. For example, in Fig. 4 
the present results are plotted on the same graph as those of Styles and Stirk (cf. Styles, 
“ Introduction to the Principles of Plant Physiology,” 1936, p. 81) on the toxic effect of . 
alcohols on potato tissue and those of Tilley and Schaffer (J. Bact., 1926, 12, 303) on the 
organism Bact. typhosum. The latter authors did not determine growth curves but found 
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the relative amounts by weight of alcohol and of a phenol standard required to kill all the 
cells in a given time, 

The following theory of the inhibiting action embodies the salient features both of the 
adsorption and of the solution theories. Since all aliphatic hydroxyl compounds do not 
inhibit growth, we may conclude that the unsubstituted hydrocarbon chain is the active 
agent. On the other hand, the presence of the hydroxyl group attracted to the aqueous 
medium is necessary, since otherwise only an infinitesimal concentration of the substance 
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could be contained in the solution. The affinity of the alcohol for the aqueous medium may 
be expressed by an energy E, while that of each CH, group for the lipoid elements of the 
cell may be expressed by an energy Q. Consider the equilibrium between the aqueous 
medium and the structural elements of the cell which hold the alcohol. 

To leave the aqueous medium we may suppose that an energy E, practically indepen- 
dent of the chain length, is required by the molecules: the number which have sufficient 
energy to overcome the attraction and escape is, therefore, proportional to e~#/"7_ Similarly, 
to detach an alcohol molecule from the material of the organism an amount of work, Q, 
proportional to the chain length will be needed, and the number which can escape back 
into the aqueous medium is proportional to e~"@/R”, If c, and c, respectively are the 
concentrations of alcohol in water and in the organism, then for equilibrium 























[1938] Physicochemical Aspects of Bacterial Growth. Part III. 1947 


where A, and A, are constants. Hence, 
C,/c, = const. x e~ F/R , enQiRr 
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For a given value of c,, the toxicity will be greater the greater c,. Thus, representing the 
inhibiting power by 6, we have : 
6 oc e"@V/RT or log 0 oc n. 


The value to be assigned to Q according to this theory is quite reasonable. Let 0, and 6,1 
be the inhibiting powers of two successive alcohols in the homologous series. Then 

6, + ,/0, = eW8T = 3 
since on the average each alcohol is about three times as potent as its predecessor. Since 
T is 313° abs., Q = 313 x 1-98 x 2-303 x 0-477 = 680 cals. 

The above argument could be applied mutatis mutandis to explain why the partition 
coefficients of alcohols between aqueous and non-aqueous media, the surface activity, and 
other properties sometimes obey an analogous logarithmic relation. When a physical 
property is determined by the presence of molecules in a given phase or region, and when the 
work done in removing the molecule from this is a function of the number of CH, groups, 
then the property in question will vary logarithmically with the chain length. It follows, 
as has been said by Kurt Meyer (Trans. Faraday Soc., 1937, 33, 1067), that no determination 
of a physical property within the limits of a given homologous series can distinguish between 
an adsorption theory and a solution theory, even if any such rigid distinction can be drawn. 

In determining the growth curves, it was observed that the stationary population of 
organisms decreased as the alcohol concentration increased. For example, the population 
of 20 c.c. of bouillon inoculated with two loops of stock culture reached the following 
“ final ’’ values, depending upon the amount of ethyl alcohol added : 


Alcohol, c.c. 0 0-25 0-5 0-6 0-7 1-0 

397, 460, 450, 429 400 259 196 178 75 
The reduction in the stationary concentration cannot be due simply to death of the 
organisms : for there is nothing in the equation 


dx/dt = (hy — hy)x 
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where &, is the reproduction rate and k» is the death rate, to indicate that a stationary 
concentration will be reached at all; and the influence of , is merely to diminish the rate 
of attainment of any final concentration which the other factors may determine. 

Two explanations seem possible. As shown in Part I, under normal conditions, ex- 
haustion of foodstuff is the principal factor limiting growth. Now, all the foodstuff is not 
necessarily consumed in the actual growth processes: non-dividing organisms can pre- 
sumably cause fermentation or other destructive reactions of various substances present 
in the medium. The amounts removed in this way will be a function of the time as well as 
of the number of organisms. If, then, growth is slowed down by the addition of an in- 
hibiting agent, the balance will be shifted in favour of destructive processes using up the 
foodstuff, but not directly concerned in growth. Thus the exhaustion will occur before 
the population has reached the size it would normally reach when division is more active. 

Another possible explanation is that successive generations produced in presence of the 
alcohol become more and more enfeebled so that k, itself decreases and ky increases until 
finally the difference no longer has a positive value and division ceases altogether. Since 
each new cell contains initially a large part of the content of the parent cell, it is clear that 


(a) Growth rates. (T = mean generation time.) 


Vol. % of Time to log » = Vol. % of Time to log » = 
alcohol. T (mins.). 1-00 (mins.). alcohol. T (mins.). 1-00 (mins.). 


Methyl alcohol. Propyl alcohol. 
144 18-0 144 
232 ; 24-5 200 
221 ‘ 23-5 272 
234 ° 50-5 480 
380 . 102 1570 
1126 
Ethyl alcohol. Butyl alcohol. 
18-0 
18-0 144 ‘ 39-5 
18-2 170 ‘ 4 
37-5 
20 168 ’ 140 
28 206 
32-5 286 
34 274 Hexyl alcohol. 
51 460 20-5 
405 580 “ll 29 
2000 1470 20 64 
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(b) Relative retardation caused by different alcohols. 


For a given volume per cent. of alcohol. 





‘ 


‘Calc. from mean Calc. from times For equal For equal mole- 

Alcohol. generation times. to log” = 1-00. Mean. weights. cular concns. 

1-00 1-00 1-00 1-00 

1-31 1-39 1-35 1-36 

2-92 4: 3-61 3-6 

57 8- 7-00 7-1 

25-4 34 29-7 31 

the impairing of the vital processes, unless it occurs by a rapid and reversible mechanism, may 
progress through a number of generations and not by any means attain its full effect in the 
mean generation time of a single organism. In this connexion it is of interest to note that 
the abnormal growth forms frequently reported when organisms exist in adverse circum- 
stances were occasionally observed in the experiments with alcohol, well-defined branching 
of the cells to Y-shaped forms occurring (cf. Gardner, ‘‘ Microbes and Ultramicrobes,” 


1931, p. 23). 
It is a pleasure to acknowledge our indebtedness to Dr. R. L. Vollum for providing the 
cultures and for his invaluable help in bacteriological matters generally. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, July 6th, 1938.] 
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366. The Constitution of Complex Metallic Salts. Part VIII. The 
Bridged Thio-derivatives of Palladous Halides with Tertiary Phosphines. 


By JosepH CHATT and FREDERICK G. MANN. 


The properties and reactions of the mono- and bis-ethylthiol compounds, 
[(Bu,P),Pd,Cl,(SEt)] and [(Bu,P),Pd,Cl,(SEt),], are discussed, and evidence is adduced 
to show that in these compounds the EtS groups act as the “ bridging ”’ groups link- 
ing the palladium atoms. In organic solvents the first compound undergoes an 
equilibrium conversion into the second and the tetrachloride, [(Bu,P),Pd,Cl,] : hence 
the bridging groups in the ring share the mobility of the unbridged groups. The pro- 
perties of similar thiocyanate and o-phenylenedithiol compounds are also discussed. 


It has been shown (Mann and Purdie, J., 1936, 873; Mann and Wells, this vol. p. 702) 
that the 4-covalent compounds of palladous halides with tertiary phosphines and arsines, 
[(RgP),PdCl,] and [(R,As),PdCl,], readily react with ammonium palladochloride to give 
“bridged ’”’ compounds, e.g., [(R3P)PdCl,],, which should theoretically exist in three 
isomeric forms, viz., the unsymmetrical form (I) and the cis- and the ¢tvans-symmetric form 
(II) and (III) respectively. These compounds exist in the crystalline state in only one 

~R,P Cl Cl R,P Cl PR P Cl Cl 

A a pa a nas Qi 

|R,P* ci” “cl ca“ ‘cv “a ci” XcY’ ‘pr, 
2 (I.) (II.) (III.) 
isomeric form, which in the trimethylarsine series was shown by X-ray analysis to have 
the trans-symmetric structure (as III); solutions of these compounds in organic solvents, 
however, gave reactions of all three isomeric forms, which are therefore present apparently 
in tautomeric equilibrium. The presence of this equilibrium was further indicated by 
dipole measurements. These properties were not dependent on the halogen groups, be- 
cause analogous compounds having nitrito- and thiocyanato-radicals possessed similar 
properties. 

The formation of this equilibrium on dissolution in organic solvents, and its complete 
suppression on crystallisation, clearly entail a. very facile intramolecular wandering of 
both the phosphine (or arsine) molecules and the terminal unbridged halogen atoms. 
Certain organic thiol and dithiol derivatives of these bridged dipalladium compounds have 
now been investigated, to obtain further insight into the establishment of the above equili- 
brium, and in particular, to determine whether the “ bridging ’’ acid radicals are firmly 
held in the central ring or whether they also can migrate about the molecule. 

When dichlorobis(tri-n-butylphosphine)-p-dichlorodipalladium (as in I—III) in cold 
alcoholic solution is treated with 1 mol. of ethylthiol, the corresponding trichloro-mono- 
ethylthiol compound (IV) is formed (Mann and Purdie, Joc. cit.); when, however, even a 
large excess of ethylthiol is used, only the dichloro-bisethylthiol compound (V) is formed, and 
the two remaining chloro-groups cannot be expelled under these conditions. Itwas originally 
thought that the ethylthiol radicals would first displace the unbridged chloro-groups in 
the above reaction, but further evidence now shows that the sulphur atom in the SEt 
radical has such strongly co-ordinating properties that this radical always bridges the 
palladium atoms (as in IV and V) and cannot apparently occupy the terminal unbridged 
positions in these compounds ; hence the bisethylthiol derivative (V) is unaffected by further 
application of the free thiol. [Clearly, each of the compounds (IV) and (V), irrespective of 
the identity of the bridging radicals, could theoretically exist in the three isomeric forms 
illustrated by (I)—(III): the difference between these forms does not affect the points 
discussed below, particularly the nature of the central ring, and therefore the trans- 
symmetric form (as III) has been adopted throughout.] 

The positions of the SEt radicals in the compound (V) are shown by the following con- 
siderations. It is known (Mann and Purdie, doc. cit.) that dichlorobis(butylphosphine)-p- 
dichlorodipalladium (VI) when treated in solution with a«’-dipyridyl reacts as if it existed 
in form (I) and gives two compounds, [(Bu,P),PdCl,].and [dpy PdCl,] (Equation 4A); 
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when similarly treated with p-toluidine, however, it reacts in form (III) and gives solely 
[(Bu,P)(C,H,Me-NH,)PdCl,] (Equation B). The bisethylthiol compound (V), however, is 


A. [(Bu,P),PdCl,PdCl,] + dpy = [(Bu,P),PdCl,] + [dpy PdCl,] 
B. [(Bu,P)CIPdCl,PdCl(Bu,P)] + 2C,H,Me-NH, = 2{(Bu,P)(C,H,Me-NH,) PdCl,] 


unaffected by either reagent, and clearly cannot possess this bridged PdCl,Pd ring; hence 
the SEt radicals are the bridging groups and form the central ring. By analogy, the 
monoethylthiol compound (IV) has a similar constitution. 

In spite of the great stability of the Pd(SEt),Pd ring, compared with that of the PdCl,Pd 
ring, the SEt radicals are found to be capable of ready migration. This is shown by 
the remarkable behaviour of the monoethylthiol compound (IV) which in organic solvents 
undergoes partial conversion into the bisethylthiol compound (V) and the tetrachloro- 
compound (VI), an equilibrium mixture of the three compounds being thus established 


(Equation C). 
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nzene 


Y 
Unaffected 2[(Bu,P)(C,H,Me-NH,)PdCl,]. 


The following physical and chemical evidence places the existence of this equilibrium 
beyond doubt: (1) The ethylthiol compounds (IV) and (V) are bright canary-yellow in 
colour, but the tetrachloro-compound (VI) is deep orange-red. When the monothiol 
compound (IV) is dissolved in benzene, the solution is yellow, and the equilibrium point 
must lie far over on the left in Equation C. On warming, however, the colour becomes 
distinctly orange, due to the equilibrium point shifting to the right, and cooling reverses 
this effect. Similar changes occur in alcoholic solution. 

(2) When cold alcoholic solutions of equimolecular quantities of (V) and (VI) are mixed, 
the orange colour of (VI) slowly fades, and in a few minutes the pure monothiol compound 
(IV) crystallises. A similar reaction occurs in cold concentrated benzene solution. 

(3) Of the three compounds forming the above equilibrium, only (VI) will react directly 
with a«’-dipyridyl and with #-toluidine. Consequently, if dipyridyl is added to a cold 
benzene solution of (IV), the equilibrium moves to the right, and the tetrachloro-compound 
(VI) so formed reacts normally with the amine according to Equation A, and an equivalent 
quantity of the bisethylthiol compound (V) is liberated: all the three palladium com- 
pounds thus formed have been isolated from the reaction product. Similarly, if #-toluidine 
is added to a benzene solution of the monothiol compound (IV), the equilibrium is again 
shifted, and the tetrachloro-compound so formed reacts with the amine according to 
Equation B, with liberation of the bisthiol compound (V). The course of this reaction 
depends largely on the solvent and is reversed in, ¢.g., methyl and ethyl alcohol : when cold 
alcoholic solutions of (V) and of 2 equivs. of [(Bu,P)(C,H,Me-NH,)PdCl,] are mixed, the 
latter regenerates free -toluidine and the tetrachloro-compound (VI), which then reacts 
with the bisthiol compound (V), shifting the equilibrium C to the left, and the monothiol 
compound (IV) crystallises, free p-toluidine being present in the mother-liquor. 

The important deduction from these experiments is that, in these bridged dipalladium 
derivatives, a particular compound may exist in organic solvents, not only as a tautomeric 
mixture of its three isomeric forms, but also as an equilibrium mixture with two other 
similar but distinct compounds. Moreover, the great mobility of the unbridged phosphine 
and halogen groups is clearly shared also by the bridging radicals, even if the bridging is 


of comparatively great stability. 
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Several attempts have been made to prepare the unbridged bisethylthiol compound 
[(BugP),Pd(SEt),]. When a cold alcoholic solution of dichlorobisbutylphosphinepalladium, 
[(Bu,P),PdCl,], was treated with either 1 or 2 mols. of ethylthiol, the yellow colour of the 
solution changed to orange, but on spontaneous evaporation only the unchanged dichloro- 
compound remained. When the cold alcoholic solution was treated with 1 mol. of potas- 
sium ethyl sulphide, and the precipitated potassium chloride removed, spontaneous evapor- 
ation gave a heavy red oil, from which, after a few weeks’ standing, the bridged bisethylthiol 
compound (V) crystallised. The formation of this compound, which clearly involves the 
eviction of part of the butylphosphine, testifies strongly to the stability of the bridged 
—S(Et) > linkage. When the alcoholic solution of the original unbridged dichloro-com- 
pound was treated with 2 mols. of potassium ethyl sulphide, only the red oil was obtained, 
and it is possible that the compound [(Bu,P),Pd(SEt),] is liquid at room temperature. 

It should be noted that the bridged bisethylthiol compound (V) can theoretically ex- 
hibit a further type of isomerism, in addition to the three forms similar to (I)—(III). 
The tetrahedral disposition of the co-ordinated sulphur atoms will enable the.two ethyl 
groups to occupy either the cis (VA) or the trans (VB) position relative to the ve 


[ Et, | set 
Bu,Py Sx fol Bu,;Py, 2% fol Hey JC 


| 

| 

cl’ \s“ ‘PpBu, | | ci’ “s” psu, ne “Nc 
Et” J L Et” | 

(Va.) (VB.) * ) 

PdS,Pd ring, and each of the forms corresponding to (I)—(IIT) can theoretically show this 

geometric isomerism. Dr. R. C. Evans has, however, kindly examined several samples 

of the compound (V) crystallographically, and reports that the anorthic crystals are homo- 

geneous, no evidence of a second form being detectable. A similar type of isomerism was 

sought by Bennett, Mosses, and Statham (J., 1930, 1668), who prepared several compounds 

of type (VII) but failed to detect cis-trans-isomerism (t.e., no separation into the meso- 

and the racemic form could be effected). 

The stability of the bridged ring in the bisethylthiol compound (V) affords a very 
interesting comparison with that of the ring in dithiocyanatobis(tri-n-butylphosphine)- 
u-dithiocyanatodipalladium (VIII) (Mann and Purdie, Joc. cit.) which, incidentally, also 
gives no indication of the cis-trans-isomerism discussed above. The atoms in the two 
rings are identical, but in the thiocyanato-compound it would be expected that the dipole 
on the CN group, by attracting electrons from the sulphur atom, would necessarily weaken 
the electron-donor properties of this atom and thus also weaken its co-ordinating (and 

N therefore bridging) properties. This was found to be the 

Bu.P (SCN) case. The ring in the tetrathiocyanato-compound (VIII) 

3 Xp a Xp a is sufficiently stable to be unaffected by #-toluidine, but not 

| (SCN) Ke \PBu, sufficiently strong to withstand the greater “‘ splitting 

N action ”’ of dipyridyl, which breaks the molecule down into 

(VIII.) [(BugP),Pd(SCN).] and —dithtocyanatodipyridylpallad- 

tum, [dpy Pd(SCN),.]. The tetrathiocyanate occupies there- 

fore an intermediate position between the tetrachloride (VI), which is split by both these 

reagents, and the dichlorobisethylthiol compound (V), which is not split by either. Free 

butylphosphine splits the tetrathiocyanate into 2 mols. of [(Bu,P),Pd(SCN),]: this was 

expected, in view of the vigorous co-ordinating properties of the tertiary phosphine 
molecule. The behaviour of the dichloro-dithiocyanato-compound, 

[Cl(BusP)Pd(SCN),Pd(Bu,P)Cl], 
towards these reagents is now being investigated: preliminary experiments indicate a 
complex series of reactions. 

The results obtained with ethylthiol throw considerable light on those obtained earlier 

with 4-chloro-o-phenylenedithiol * (IX), which was originally employed because with its 
* The nuclear chlorine in this molecule has no significance regarding its use for the above purpose. 


The compound (IX) was used because it was more accessible than the unsubstituted dithiol. 
6K 
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aid it was hoped to replace the unbridged terminal chloro-groups in the butylphosphine 
tetrachloro-compound of form (I), and so obtain the derivative (X). The only 


Cl SH [(BugP),PdCl,Pd°S,C,H,Cl] x.) 
SH [(Bu,P),Pd(S,C,H,Cl) Pd:S,C,H,Cl] 
(IX.) (XI.) 


crystalline product isolated from the interaction of the tetrachloro-compound with 
the dithiol (IX) was, however, the deep red crystalline 4-chloro-o-phenylenedithiolbis- 
(tri-n-butylphosphine)--4-chloro-o-phenylenedithioldipalladium (XI). This compound is 
of great stability: for instance, when dichlorobis(butylphosphine)palladium, 
[(Bu,P),PdCl,], was treated with only 1 mol. of the dithiol (IX), some of the unbridged 
4-chloro-o-phenylenedithiolbis(butylphosphine) palladium, [(Bu,P)Pd°S,C,H,Cl] was formed, 
but the chief product was the bridged compound (XI), free butylphosphine having been 
evicted during its preparation. So vigorous is the bridging action of the dithiol molecule 
that, had the compound (X) been isolated, there is little doubt that the dithiol residue 
would have bridged the palladium atoms and the chloro-groups would have been un- 
bridged : the existence of such a molecule would therefore have been no guide to its con- 
stitution. 

The theoretical possibilities of isomerism of the bridged bis(dithiol) compound (XT) 
are ofinterest. It is clear that two isomerides corresponding to the unsymmetrical structure 
(I), 7.e., having 2 phosphine molecules co-ordinated to one palladium atom, should exist : 
these are shown in (XIJA) and (XIB), where the aromatic nuclear chlorine atoms are omitted 
for simplicity. In (XTA), if the atom Pd! and the phosphorus and sulphur atoms attached 
to it are in the plane of the paper, then to preserve the tetrahedral disposition of these 
co-ordinated sulphur atoms S! and S?, the benzene nucleus A must be behind the plane 
of the paper, and the Pd? atom and the dithiol residue B must be in front. In (XIs), 
unlike (XIA), the atom Pd? is linked to the sulphur atoms S?! and S?® of two different 
dithiol residues: in (XIs), if the phosphorus atoms and the atoms Pd}?, Pd?, S!, S?, S, and 
S‘ are in the plane of the paper, the molecule must be folded across the axes S*-S* and 
S*-S*, so that the benzene rings lie above or below the plane of the paper. 


yf \ re RY 
4 te x e 
BusP x \ - an 


Pa BusP 


(XIa.) (X Ib.) 


A third form (XIc), corresponding to the symmetrical form (III)' and having the 
phosphine residues linked to different palladium atoms, should also exist. Here again, if 
the phosphorus atoms and the palladium and sulphur atoms are all in the plane of the 
paper, the molecule must also be folded across the axes S'-S? and S*-S4, with the benzene 
rings above or below this plane. In view of the possible existence of these three forms and 
the further possibilities of isomerism arising from (a) the cts-trans positions of the benzene 
ring about the S-S planes, and (0) the position of the nuclear chlorine atoms relative to the 
rest of the molecule, it is remarkable that the compound has been isolated in only one form 
in the solid state, having m. p. 114° without decomposition. It is probable that this form 
(as in the methylarsine series) is the isomeride of greatest symmetry, 7.¢e., form (XIc) 
with the benzene rings severally above and below the plane of the paper. 





mr OD 


—a—P KP OOD OD 


[1938] Complex Metallic Salts. Part VIII. 1953 


EXPERIMENTAL. 


The preparation of the monoethylthiol compound (IV) has already been described (Mann 
and Purdie, loc. cit., p. 889). 

Dichlorobis(tri-n-butylphosphine)-u-bisethylthioldipalladium (V).—Cold solutions of the tetra- 
chloro-compound (VI; 4 g.) and of ethylthiol (1-2 c.c.; 3 mols.) in alcohol (300 and 50 c.c., 
respectively) were mixed. The solution, which rapidly became deep yellow, was concentrated 
in a desiccater until large crystals had formed. These were collected and recrystallised from 
alcohol, the compound (V) separating as deep yellow crystals, m. p. 115—116° (Found: C, 
41-2; H, 8-1; Cl, 8-8; S, 7:3; Pd, 25-8; M, ebullioscopic in 0-858% ethylene dibromide solution, 
829. C,,H,,Cl,S,P,Pd, requires C, 41-4; H, 8-0; Cl, 8-7; S, 7:9; Pd, 263%; M, 811). 
This compound is moderately soluble in cold alcohol, and very soluble in benzene; the mono- 
ethylthiol compound (IV) is only feebly soluble in both solvents. 

(1) Action of aa'-dipyridyl. Cold solutions of the bisethylthiol compound (1 g.) and di- 
pyridyl (0-192 g.; 1 mol.) in cold benzene (25 c.c. and 10 c.c.) were mixed. No apparent change 
occurred, so the solution was evaporated to dryness ina vacuum. Crystallisation of the residue 
from a small quantity of warm alcohol gave the pure unchanged bisethylthiol compound, and 
unchanged dipyridyl was isolated from the alcoholic extract. 

(2) Action of p-toluidine. A similar experiment was performed with the bisethylthiol 
compound (1 g.) and p-toluidine (0-264 g.; 2 mols.) dissolved in alcohol (50 c.c. and 10 c.c. re- 
spectively). The yellow crystals which separated as the solution evaporated to small bulk 
proved to be the unchanged bisthiol compound, and the amine was recovered unchanged from 
the mother-liquor. 

(3) Action of ethylthiol. Cold alcoholic solutions of the bisthiol compound were treated 
severally with 1 and with 2 mols. of ethylthiol. Spontaneous evaporation in each case gave 
yellow crystals which on recrystallisation from alcohol proved to be the unchanged bisthiol 
compound. 

The Trichloromonoethylthiol Compound (IV).—(1) Formation by interaction of (V) and (V1). 
Equal quantities (0-5 g.) of the compounds (V) and (VI) were dissolved separately in a minimum 
of cold alcohol, and the solutions mixed. The orange-red colour rapidly faded, and yellow 
crystals of the pure monothiol compound (IV) separated, the reaction being complete within 
10 minutes. Yield 0-75 g. 

The reaction was repeated in cold benzene, in which both (V) and (VI) are far more soluble. 
The colour again rapidly faded, but yellow crystals of (IV) separated only on scratching. 

(2) Action of dipyridyl. Solutions of the monoethylthiol compound (2 g.) and dipyridyl 
(0-40 g.; 1 mol.) in benzene (60 c.c. and 20 c.c. respectively) were mixed at 60°, a slight change 
in colour occurring. On standing overnight, fine acicular crystals of [dpy PdCl,], insoluble 
in benzene, had separated and were collected (Found: Pd, 31-5. Calc. for C,)H,N,Cl,Pd : 
Pd, 320%). The solution was allowed to evaporate spontaneously to about one-third of its 
volume, and the yellow crystals of the bisethylthiol compound (V) which had formed were 
removed and recrystallised from alcohol; m. p., alone and mixed with authentic sample, 115°. 
The original mother-liquor, allowed to evaporate to dryness, deposited further yellow crystals, 
which proved on repeated recrystallisation from alcohol to be [(Bu,P),PdCl,], m. p., both alone 
and mixed, 65—66°. These final mother-liquors, taken to dryness again and extracted with 
dilute hydrochloric acid, yielded the unchanged excess dipyridyl, m. p., alone and mixed, 
69—70°. 

(3) Action of p-toluidine. A solution of p-toluidine (0-55 g.; 2 mols.) in cold benzene 
(20 c.c.) was added to a suspension of the powdered monoethylthiol compound (2 g.) in benzene 
(100 c.c.); the thiol compound rapidly dissolved, and in a few minutes a red colour developed 
in the solution. Spontaneous evaporation gave a viscous oil which, taken up in hot cyclo- 
hexane, deposited the bisethylthiol compound on cooling (m. p., alone and mixed, 113°). The 
cyclohexane mother-liquor on spontaneous evaporation left an orange oil which on seeding gave 
a crystalline mass of impure dichlorobutylphosphine-p-toluidinepalladium 


[(Bu,P)(C,H,Me-NH,)PdCl,]. 
This was taken up in cold methyl alcohol, and the solution after standing was filtered to remove 
a trace of insoluble material; on evaporation it gave orange yellow crystals. These were 
extracted with warm petrol, and the filtrate then gave the pure unbridged dichloro-compound, 
m. p., alone and mixed, 79—80°. The excess of p-toluidine was recovered from the methyl 
alcohol. 
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This action was reversed in alcohol. Cold solutions of dichlorobutylphosphine-p-toluidine- 
palladium (1 g.; 2 mols.) and the bisethylthiol compound (0-85 g.; 1 mol.), each in alcohol 
(50 c.c.), were mixed. Deposition of yellow crystals of the monoethylthiol compound rapidly 
occurred, and continued for about 1 hour; m. p., alone and mixed, 150—151°. Free p-toluidine 
was identified in the mother-liquor. 

Dithiocyanatobis(butylphosphine)-y-dithiocyanatodipalladium (VIII).—(1) Action of dipyridyl. 
Cold benzene solutions of the tetrathiocyanate (1 g.) and dipyridyl (0-43 g.; 2 mols.) were 
mixed. No change in colour was apparent, but a fine crystalline precipitate began to separate 
within a few minutes. After standing overnight, this precipitated dithiocyanatodipyridyl- 
palladium was collected, washed with benzene and acetone, and dried (Found: N, 14-8; Pd, 
28-0. C,,H,N,S,Pd requires N, 14:8; Pd, 28-2%). The mother-liquor on evaporation gave 
[(Bu,P),Pd(SCN),], which, when recrystallised from alcohol, had m. p. 112—113°, alone and 
mixed with an authentic sample. 

(2) Action of p-toluidine. A similar experiment was performed with benzene solutions of 
the tetrathiocyanate (1 g.) and p-toluidine (0-25 g.; 2 mols.). No change was apparent on 
mixing, and spontaneous evaporation gave a yellow solid smelling strongly of the base. This 
solid was extracted with cold alcohol, and the residue recrystallised from hot alcohol containing 
dioxan. The unchanged tetrathiocyanate was thus recovered, m. p. 170—171°, alone and 
mixed. 

(3) Action of tributylphosphine. When cold benzene solutions of the tetrathiocyanate (2 g.) 
and butylphosphine (1-1 g.; 2 mols.) were mixed, an immediate reaction occurred and the 
solution became pale yellow. Spontaneous evaporation gave only greenish-white crystals of 
[(Bu,P),Pd(SCN),] which, when recrystallised from alcohol, had m. p. 111—113°, alone and 
mixed. 

4-Chloro-o-phenylenedithiolbis (tributylphosphine)-p-4-chloro-o-phenylenedithioldipalladium (X1). 
—Solutions of the tetrachloro-compound (VI; 2 g.) and of 4-chloro-o-phenylenedithiol (IX; 
0-9 g., 2 mols.) in cold alcohol (150 and 10 c.c. respectively) were mixed; a deep red colour 
immediately developed, and red crystals slowly separated. After spontaneous evaporation of 
the solution to small bulk, these crystals of the compound (XI) were collected and re- 
crystallised from alcohol; m.p. 114° (Found: C, 44-6; H, 6-2; Cl, 7-4; S, 12-6; Pd, 21-9. 
C3gHgoCl,S,P,Pd, requires C, 44-7; H, 6-3; Cl, 7-35; S, 13-2; Pd, 21-7%. Sulphur was estim- 
ated in the filtrate from the palladium analysis and hence the result was slightly low). Yield, 
1-5 g. 

4-Chloro-o-phenylenedithiolbis (tributylphosphine) palladium.—Cold solutions of [(Bu,P),PdCl,] 
(1 g.) and the dithiol (IX; 0-25 g., 1-25 mols.) in alcohol (50 and 10 c.c. respectively) were 
similarly mixed, with the immediate formation of the red colour. On spontaneous evaporation 
to small bulk, the bis(dithiol) compound (XI) separated, and a marked odour of butylphosphine 
was detected. The red crystals of (XI) were collected, and the mother-liquor on further evapor- 
ation deposited buff-coloured crystals of the above monodithiol compound ; these when recrystal- 
lised from alcohol had m. p. 116° (Found: C, 52-0; H, 8-3. C39H,;,CIS,P,Pd requires C, 52-5; 
H, 84%). 


The authors are greatly indebted to the Department of Scientific and Industrial Research 
for a grant, to Messrs. The Mond Nickel Company, Ltd., for a loan of palladium, and to Sir 
Gilbert Morgan and Dr. R. E. D. Clark for gifts of dipyridyl and 4-chloro-o-phenylenedithiol 
respectively. 
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367. Studies in the Diazotisation and Nitrosation of Amines. Part I. 
The Use of Dilatometric and Conductimetric Methods. 


By J. CAMPBELL EARL and Noe G. HILts. 


The customary methods of chemical kinetics when applied to the reaction between 
nitrous acid and amines lead to results which are not entirely satisfactory from the 
point of view of a general interpretation of the reaction. In methanol solutions 
containing aromatic amines and nitrous acid, definite changes in volume and in 
electrical conductivity accompany the chemical reaction. From these changes it is 
apparent that the reaction is not a simple one. 
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UNDER controlled conditions, primary and secondary aromatic amines react with nitrous 
acid in methanol solution in the presence of hydrochloric acid at such a rate that the changes 
taking place can be followed dilatometrically or conductimetrically (Earl and Hall, J., 
1933, 510; Earl and Hills, J. Proc. Roy. Soc. N. S. W., 1936, 70, 322). With methylaniline 
and aniline, the amines already investigated in this way, the reactions involved are 
complex: the forms of both the volume-time and the conductivity—time curves are very 
characteristic, more so with the secondary than with the primary amine. 

Before using these observations in a general interpretation of the mechanism of the 
nitrous acid—amine reaction, it is obviously necessary to apply the methods to a wider 
range of amines. Moreover, the methods themselves require further study to determine 
whether they are subject to interference by occurrences in the reaction mixture, 
unconnected with the reaction being studied. For example, it is probable that there is 
little free nitrous acid at any time in the reaction mixture in view of the known readiness 
with which methyl nitrite is formed, so that the formation and decomposition of methyl 
nitrite might be a factor in the changes of conductivity and volume observed. The present 
paper describes an extension of the earlier experimental work on the lines indicated. 

Secondary amines in general give the more definite results. The dilatometric method 
applied to N-benzyl-f-phenetidine, -o-toluidine, and -p-toluidine and to N-4-methylbenzyl- 
p-toluidine gives curves for the volume-—time change (Fig. 1) very similar to those previously 
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obtained for methylaniline. The conductivity changes were followed for a much wider 
tange of secondary amines, viz., ethylaniline, N-methyl-o-anisidine, N-methyl]-p-toluidine, 
the N-benzyl derivatives of aniline, m- and #-toluidines, p-anisidine, and p-phenetidine, 
and finally N-4-methylbenzyl-f-toluidine. All these show an almost constant conductivity 
for a preliminary period, followed by a very abrupt rise to another constant value. A 
selection of typical curves of this series is given in Fig.2. With a further group of secondary 
amines, N-benzyl-o-toluidine, -m-xylidine, and -o-phenetidine, the rise in conductivity after 
the initial period is not so abrupt (Fig. 3). 
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The conductivity measurements were made with n/22-5-solutions of the amines, but 
for the dilatometer experiments, N/5-6-solutions were used. Solid sodium chloride 
separated during the latter experiments and this may have had some effect on the curves. 
For conductivity measurements, the precipitation of sodium chloride would of course 
introduce serious complications. Some experiments were made, therefore, with amyl 
nitrite instead of sodium nitrite, volume-time and conductivity—time curves being obtained 
for methylaniline and N-benzyl-p-phenetidine under comparable temperature and 
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concentration conditions (Fig. 4). It is apparent that precipitation of sodium chloride 
during the dilatometer experiments does not greatly change the character of the volume- 
time curves, and also that conductivity changes of the same kind take place in both 
concentrated and dilute solutions. 

Primary amines with nitrous acid give products which readily take part in further 
reactions, so that the volume and conductivity changes are subject to the simultaneous 
influence of many factors. The volume—time curves for reaction mixtures containing 
primary amines are, in general, not very characteristic (Fig. 5). The conductivity—time 
curves are of more interest. Measurements were made with aniline, 0-, m-, and ?- 
toluidines, o- and #-anisidines, -xylidine, m-4-xylidine and «-naphthylamine. A 
comparison of the curves (Fig. 6) shows that in all cases there is a preliminary period of 
almost constant or falling conductivity, followed by a rapid rise until the evolution of 
nitrogen commences. The initial fall is very pronounced with «-naphthylamine. With 
some of the amines there is a remarkable irregularity in the rising part of the curve which 


requires interpretation. 
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At this stage it is not intended to draw many conclusions from the observations 
recorded, because they are only part of a general attack on the problem and must be 
correlated with evidence obtained by different methods of approach. However, the 
conductivity curves for both primary and secondary amines are consistent with 
the formation of a complex in the early stages, followed by a later decomposition with the 
liberation of hydrogen ions. The early part of the reaction may therefore find an 
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explanation from a closer study of the aromatic amine nitrites in amplification of the 
preliminary work on aniline nitrite (Earl and Hall, J. Proc. Roy. Soc. N.S.W., 1932, 66, 
453; J., 1937, 1129). Work on these lines is now proceeding. That the later rise in 
conductivity is actually due to an increase in hydrogen-ion concentration may be confirmed 
by following the changes by a suitable potentiometric method. This also is being done. 


EXPERIMENTAL. 


Volume-time Curves (Figs. 1, 4, 5).—(a) With sodium nitrite as the source of nitrous acid. 
To 20 ml. of a 0-4m-solution of the amine hydrochloride in methanol, the requisite amount 
of approximately 3-5n-hydrochloric acid in methanol was added, and the volume made up 
25 ml. with methanol. This solution was mixed at 5° with 20 ml. of a 0-4m-solution of sodium 
nitrite in methanol, and the mixture was at once transferred to a dilatometer similar to that 
previously described (J. Proc. Roy. Soc. N.S.W., 1932, 66, 157). 

(b) With amyl nitrite. The requisite amount of hydrochloric acid in methanol was added to 
20 ml. of a 0-4m-solution of the amine in methanol, and the volume made up to 44 ml. After 
being cooled to 5°, the solution was mixed with 0-936 g. of amyl nitrite and transferred to the 
dilatometer. 

Conductivity-time Curves (Figs. 2, 3, 4, 6).—The cell used was the one described previously 
(J., 1933, 510). When sodium nitrite was used as the source of nitrous acid, the reaction 
mixtures were prepared in the same way as those for the volume-time experiments, but all 
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solutions were of one-quarter the concentration, and the determinations were carried out at 25°. 
When amy] nitrite was used, the concentrations of the reactants were the same as for the 
corresponding volume-time experiments. The determinations in this case were mace at 5°. 


The authors thank the Carnegie Corporation of New York for a scholarship which enabled 
one of them (N. G. H.) to take part in the work. 


THE UNIVERSITY, SYDNEY, N.S.W. [ Received, October 3rd, 1938.] 





368. The Photochemical Addition of Bromine to Bromobenzene in 
Carbon Tetrachloride Solution. 


By D. Li. Hammick, J. M. Hutson, and G. I. JENKINs. 


It is shown that there is no thermal reaction at ordinary temperatures between 
bromine and bromobenzene in carbon tetrachloride solution. When, however, the 
system is irradiated with light of wave-length 4 4360 a., addition of bromine takes 
place by a comparatively simple mechanism. The photo-addition is of low quantum 
efficiency (0-01—0-005), is unaffected by the presence or absence of oxygen, and is 
uncomplicated by substitution. 


CHLORINE and bromine interact with benzene and benzenoid substances to give halogenated 
derivatives by addition and by substitution of nuclear hydrogen. When both types of 
reaction are taking place concurrently, the kinetics of halogenation must necessarily be 
complicated, especially, as has been shown to be the case with the interaction between 
bromine and benzene, if the halogen acid produced by substitution makes the reaction 
autocatalytic (Meidinger, Z. phystkal. Chem., 1929, B, 5, 29). 

It was held for a long time that addition and substitution processes in the aromatic 
series were intimately connected, the former being regarded as the precursors of the latter. 
This view has been generally abandoned, mainly for theoretical reasons. Nevertheless, an 
experimental confirmation of this particular prediction of the modern electronic theory 
of benzenoid reactivity is desirable, and we have therefore initiated experiments designed 
to disentangle the kinetics of the halogenation processes. In the present communication 
we record the results of experiments on the addition of bromine to bromobenzene in carbon 
tetrachloride solution under the influence of light. We have chosen this particular 
halogenation process because, at room temperature and in dilute solution, no substitution 
occurs either in the dark or in the light, and we were thus able to isolate the kinetics of the 
photo-addition, which we find proceeds by a fairly simple mechanism and in which 
reproducible results are easily obtained. Dissolved oxygen has no effect, the rate of 
reaction being the same whether the solution is saturated with oxygen, air, or nitrogen. 


EXPERIMENTAL. 


Preparation of Materials —Bromobenzene. ‘This was prepared from “ AnalaR”’ benzene, 
frozen out three times to remove homologues, and pure bromine. The crude product was 
steam-distilled, dried over calcium chloride, and fractionated; b. p. 157-0—157-2°/760 mm. 

Bromine. Commercial bromine was extracted three times with 10% sodium hydroxide 
solution to remove chlorine (Cohen, J. Amer. Chem. Soc., 1930, 52, 2827), dried with phosphoric 
oxide, and fractionated in an all-glass apparatus. 

Carbon tetrachloride. Medicinal carbon tetrachloride was refluxed over and then distilled 
from phosphoric oxide in a current of dried air. 

Light Source and Filters.—The light used consisted almost entirely of the mercury 4360 a. 
line, which was filtered out from the spectrum given by a quartz mercury-vapour lamp running 
at 72 volts and 4:3 amps. Owing to the long exposures required, the lamp was fitted with an 
automatic striking mechanism which came into operation whenever the current through the 
lamp failed. The mercury 4360 a. line, which is completely absorbed by dilute bromine 
solutions, was isolated from the spectrum by means of two filtering solutions : 

(a) 15 G. of ‘‘ AnalaR ” copper sulphate crystals, 200 c.c. of aqueous ammonia (d 0-880), 
and 300 c.c. of water. A 1-cm. layer of this solution transmits 90% of the 4360 a. line but © 
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absorbs light of higher wave-length. The absorption for the 4920 a. line, the adjacent intense 
line in the mercury arc, is 90%. 

(b) A saturated aqueous solution of sodium nitrite. This solution, for a l-cm. layer, also 
transmits 90% of the required light, but absorbs the light of lower wave-length given by the 
mercury arc, the absorption for the nearest line, 4050 a., being greater than 95%. 

The filtering solutions were contained in the outer vacuum spaces of Dewar vessels filled 
inside with dust-free distilled water, the least thickness of filtering solution which the light 
travelled being greater than 1 cm. The two Dewar vessels acted as containers for the filters 
and also as lenses to concentrate the light source. 

Estimation of Bromine Concentration.—The change in bromine concentration of the carbon 
tetrachloride solution during reaction was measured by means of a Hilger—Nutting spectro- 
photometer. The instrument was calibrated at the end of each reaction by observing the 
readings for two or more bromine solutions of known concentration (found by treatment with 
potassium iodide and titration with standard sodium thiosulphate). 

Measurement of Light Intensity.—The light intensity was measured by the method of Leighton 
and Forbes (J. Amer. Chem. Soc., 1930, 32, 3139), using the photochemical decomposition of 
uranyl oxalate. A solution containing 8-5 g. of uranyl sulphate and 12-6 g. of recrystallised 
oxalic acid per litre was exposed to the light in the reaction cells, and the amount of oxalic acid 
decomposed determined by titration with permanganate. The light intensity is given by the 
expression 
I = c.c. of N/10-KMnO,/t x Q x « x 2 x 104 


Q, the quantum efficiency of the reaction for light of wave-length 4360 a., was taken as 0-57. 
The fractional absorption of the solution, ¢, was measured in the spectrophotometer and found 
to be 0-40. 

Reaction Cells.—The reactions were carried out in quartz cells with plane faces, of diameter 
ca. 5-5 cm., internal thickness 1-0 cm., and capacity 23—25 c.c. Stirring was effected by a 
small glass tube, sealed at both ends, containing a piece of iron wire. This was moved up and 
down in the cell by an electro-magnet fed with an intermittent current. Experiment showed 
that the stirring was adequate, the observed rate of reaction being independent of the rate of 
stirring over a wide range. 

Preparation of Solutions.—Mixtures of known amounts of carbon tetrachloride, bromo- 
benzene, and bromine in the presence of either dry nitrogen or oxygen were made up in the 
reaction cell by the following procedure. An all-glass apparatus was constructed in which, 
after evacuation (3 times) with a Hyvac pump, solvent and solutes could be distilled from 
phosphoric oxide in two stages into the reaction cell against countercurrents of the appropriate 
gases. [Nitrogen from a cylinder was freed from oxygen by passing it through towers containing 
pumice soaked in the following mixture: 75 c.c. of saturated solution of “ silver salt ’’ (sodium 
antbraquinone-8-sulphonate) ; 12 c.c. of sodium hydroxide solution (d 1-45); 6 g. of sodium 
hyposulphite. Both the nitrogen and the oxygen entered the apparatus through calcium 
chloride tubes and sulphuric acid towers.] 

The reaction cell could be detached from the rest of the apparatus, and the amounts of carbon 
tetrachloride and of bromobenzene in it were found by direct weighing. The bromine present 
was estimated colorimetrically with the spectrophotometer. 

Results.—Influence of light intensity. The light intensity was varied by interposing wire- 
gauze screens between the light source and the reaction cells. To obtain the fraction of light 
transmitted by the screen, a calibration was carried out by means of a photoelectric cell to 
which was connected an electrometer. A comparison of the time taken for a constant light 
source to produce a given increase in the electrometer current, with and without the screen in 
position, was made; in Table I, /,//, is the ratio of transmitted to incident light. 

Two determinations of the influence of the light intensity on the velocity of the reaction 


TABLE I. 


Times for rise of 50 divisions. 


No screen. Screen A. Screen B. T,/I,. No screen. Screen A. Screen B. I,/I,- 
46-2 103-0 co 0-449 49-6 --- 134-8 0-378 
46-4 -- 128-4 0-362 50-2 114-6 — 0-439 
46-4 103-8 - 0-451 51-4 _: 141-1 0-365 


Mean ratios of J,/I,: screen A = 0-45; screen B = 0-37. 
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are given in Table II, where Nn, is the initial normality of bromine in carbon tetrachloride 
solution, nN, the normality after ¢ minutes, and R the ratio of the mean slopes of the experimental 
velocity curves, i.e., the ratio of the rates of reaction. In these four experiments the light 
used was inhomogeneous, but absorption was practically complete. 








TABLE IT. 









Expt. Screen. Ny x107. N,x107.—¢. R. Expt. Screen. Ny X10. N,x10%. R. 
A, None 6-70 5-14 215 80-45 B, None 5-44 3°12 180 0:36 
Ag A 6-70 5-60 340 B, B 5-44 3-68 380 






Influence of concentration of reactants. A series of experiments was carried out in which the 
concentrations of the bromine, bromobenzene, and dissolved oxygen were varied, and the 
results are tabulated in Table III; v is the volume, in c.c., of solution irradiated, J the light 
intensity in g.-mol. quanta per minute, PhBr the initial concentration of bromobenzene in g.- 
mols. per litre, and Ng, N;, and ¢ have the same significance as in Table II. All these reactions 
were carried out with homogeneous light, 4360 a. 










TABLE III. 







Expt. v. PhBr. Ix 10. ny x 10% N, Xx 10%. zt. 
1 22-2 0-59 1-16 5:3 4-38 540 
2 24-2 0-76 1-20 4-9 3-80 540 
3 22-0 1-0 1-16 5-1 4-19 420 
4 24-2 1-1 1-20 5-3 4-48 420 
5 24-4 2-4 1-20 5-3 3°97 420 
6 24-7 3-6 1-20 5-3 3°82 420 
7 22-7 4-0 1-16 5-2 3-76 420 
8 24-4 6-3 1-20 4-8 3-41 390 
9 23-7 0-51 1-20 5-7 4-79 570 

10 21-8 0-64 1-16 5-1 4-05 570 
ll 22-0 2-1 1-16 5-5 3-58 660 
12 23-9 2-8 1-20 5-3 3°32 660 
13 22-3 4-0 1-16 5-7 2-27 1500 
14 24-2 4-7 1-20 5-1 1-84 1500 
15 23-6 0-48 1-20 5-9 5-19 510 
16 22-0 0-50 1-16 5-7 4-86 510 
17 25-4 4-0 1-20 6-2 4-99 420 
18 22-6 4-5 1-16 6-7 5-43 360 
19 21-8 1-3 1-16 11-2 9-39 600 
20 24-4 2-7 1-20 10-2 8-23 540 
21 24-1 4-0 1-20 2-2 1-31 360 
22 24-1 4-1 1-20 8-4 6-80 390 
23 18-5 1-9 1-16 3°8 2-36 426 
24 24-4 4-4 1-20 3-1 1-81 426 











The solutions for reactions 1—8 were distilled into the reaction cell in an atmosphere of 
nitrogen, those for 9—14 in oxygen, and those for 15—24 in air. The individual readings for 
the first three reactions are given in Table IV to illustrate the nature of the measurements from 
which the quantities in Table III are derived; Aw is the change in normality at time ¢ minutes. 







TABLE IV. 







Expt. t= 0. 60. 120. 180. 300. 360. 420. 540. 
1 0 0-09 — 0-21 0-51 — 0-76 0-92 
2 An xX 10? 0 0-14 — 0-39 0-66 _ 0-89 1-10 
3 0 0-12 0-26 0-45 0-70 0-82 0-91 — 





That light is essential to the primary process in the addition of bromine to bromobenzene 
was shown by allowing a solution of these substances in carbon tetrachloride to remain in the 
dark at 25°. After 168 hours there was no change in the thiosulphate titre of the iodine 
liberated from a solution of potassium iodide, whereas for the same solution exposed to the 
light the titre had dropped to less than one-half of its original value after 24 hours. 

The absence of hydrogen bromide after irradiation was established by shaking the solution 
with an excess of aqueous phenol to remove free bromine as tribromophenol, bromine ions 
then being precipitated by the addition of a known excess of standard silver nitrate solution. 
The change in the thiocyanate titre of the silver nitrate gave the total hydrogen bromide present, 
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and on subtracting the amount of acid produced by the phenol, which is known from the thio- 
sulphate titre of the iodine equivalent of the original bromine—bromobenzene mixture, the 
amount of free hydrogen bromide present in the original reaction solution is obtained. This 
test showed that the photo-reaction is solely one of addition, since practicaliy no hydrogen 
bromide was detected when the titration was carried out rapidly. 

On exposure of a concentrated solution of bromine and bromobenzene to a mercury lamp 
for several days, heptabromocyclohexane was produced, confirming van der Linden’s 
observations (Rec. Trav. chim., 1936, 55, 282); m. p. (after crystallisation from ethyl alcohol) 
148-5° (Found: Br, 88-5. Calc. for C,H,;Br,: Br, 87-°9%). It may be noted that Matthews 
(J., 1892, 61, 104) found that in the photochlorination of chlorobenzene the end-product was 
C,H,Cl,. It is also of interest to note that boiling the heptabromocyc/ohexane in carbon tetra- 
chloride solution alone or in the presence of substitution catalysts such as iodine and iron was 
quite ineffective in converting the addition compound into substituted benzenes. 


DISCUSSION OF RESULTs. 

Since no hydrogen bromide was produced under the conditions in which reactions 1—24 
were measured, we feel justified in assuming that the whole course of the photoreaction 
is 

C,H;Br + Br, = C,H;Br, (photo) 
C,H,Br, + Br, = C,H;Br, (thermal) 
C,H,;Br,; + Br, = C,H;Br, (thermal) 


and that only the first molecule of bromine which adds on to any bromobenzene molecule 
requires activation by light. In this way one quantum of light is usefully used for every 
six atoms of bromine which disappear, and the quantum efficiency is equal to the velocity 
in g.-mols. of bromobenzene disappearing per cell per minute when the light intensity is 
1 g.-mol. quantum per minute. The quantum efficiencies (y) calculated on this basis from 
the experimental data are given in col. 2 of Table V. 

The observed quantum efficiencies of reactions 1—18, in which the bromine 
concentration was kept as constant as was compatible with distillation of the reagents into 
the reaction vessels, are plotted against bromobenzene concentration in the figure, and 
it is evident that the oxygen content of the solution has no noticeable effect on the rate of 
reaction. 

The primary process in the photo-addition of bromine to bromobenzene in carbon 
tetrachloride solution may be either the 
dissociation of the bromine into atoms 
D> or the activation of bromine molecules. 

Meidinger (loc. cit.), for the addition of 
bromine to benzene, suggested amechanism 
: : involving the former assumption. Franck 
, and Rabinowitsch (Trans. Faraday Soc., 
re 1934, 30, 120) have shown that it is most 
probable that the concentration of bromine 
atoms in solution would be almost negli- 
gible even when illuminated by light which 
would cause dissociation in the gas phase. 
For this reason we have assumed that in 
©.. Reactions in air the addition of bromine to bromobenzene 
“ « » nitrogen the primary process is the production of 
Q. » » oxygen activated bromine molecules, not atoms. 
The direct proportionality of the reaction 
rate to the first power of the light intensity 
is further evidence in support of this 
view. 

The mean energy of the light absorbed by activated bromine molecules is 66-8 kg.-cals. 

per g.-mol, (calculated for 4360 a.). The energy required to destroy the resonance of the 
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benzene nucleus and raise the energy content of the molecule to that of bromocyclo- 
hexatriene is approximately: 36 kg.-eals. For addition of bromine molecules to this 
unsaturated substance at ordinary measurable rates an activation energy of 20—30 kg.- 
cals. would be necessary. (The thermal data in the foregoing statements are derived from 
Ann. Reports, 1937, 34, 216.) It thus appears that the light absorbed can provide all the 
energy of activation required and that the slowness of the reaction is due to deactivation 
by the solvent. 








TABLE V. 
y (calc.).* y (calc.).* 
Expt. y (obs.). A. B. Expt. y (obs.). A. B. 
Reactions in nitrogen. 
1 0-0057 0-0057 0-0056 5 0-0102 0-0108 0-0106 
2 0-0067 0-0065 0-0065 6 0-0129 0-0120 0-0117 
3 0-0075 0-0076 0-0075 7 0-0110 0-0122 0-0120 
4 0-0077 0-0080 0-0079 8 0-0128 0-0129 








Reactions in oxygen. 

9 0-0052 0-0053 0-0051 12 0-0112 0-0113 0-0110 
10 0-0063 0-0060 0-0059 13 0-0105 0-0125 0-0120 
0-0092 0-0105 0-0102 14 0-0124 0-0125 











Reactions in air. 
15 0-0055 0-0051 0-0049 20 0-0125 0-0126 0-0110 
16 0-0053 0-0052 0-0050 21 0-0090 0-0093 0-0120 
17 0-0118, 0-0127 0-0120 22 0-0149 0-0135 0-0121 
18 ,0-0109 0-0132 0-0123 23 0-0114 0-0092 0-0098 
19 0-0097 0:0099 0-0085 24 0-0107 0-0107 0-0122 


* The methods of calculation of A and B are given on p. 1964. 


The simplest mechanism for the photoreaction is 


(1) Br, + hv = Br,* AP ida ae aa ale ie he 
(2) Br,* + X (deactivators) = Br, + X —a eee 
(3) Br,* + C,H,Br = C,H;Br, a 
(5) Br, + C,H;Br, = C,H,Br; eaten ace MO do 
(6) Br, + C,H;Br; = C,H,Br, Pa a ee 


If the absorption of the light is complete, the rate of formation* of activated bromine 
molecules is independent of the bromine concentration and should vary with the first power 
of the light intensity. Reaction (2) includes normal deactivation by the solvent and 
also by any added inhibitor. That &, is large is shown by the low quantum efficiency. 
Taking these five stages, and assuming that the concentrations of Br,*, C,H;Br,, and 
C,H,;Br,; are stationary, we have 


[Brp*] = kyl /(k[X] + &,[C5H;Br]) 
[C,H;Br,] = 2,k,J[C,H;Br]/(A.[X] + s[CsH,Br])(2,[Br.]) 
and [C,H;Br,;] = 2,k,k,J[(C.H;Br]/k;%,[Br.](Ao[X] + &,[CgH,Br]) 
But 
— d[Br,]/dt = k,[Br,*)[C.H;Br] + &[CgH;Br5][Br,] + &.[CgH;Br;][Br,]. 
Substituting and rearranging, we have 
— d[Br,]___ 3%, k31[CgH Br] a K,I[C,H,Br] 
dt kX] + &[C.H;Br] K, + (C,H;Br] 
The predicted direct proportionality of the rate of reaction to the first power of the light 
intensity is in complete agreement with the observations given in Tables I and II. The 
ratio of the rates, R, is the same as the fraction of the light transmitted by the screens used. 


By using, in the above equation, the constants K, = 0-015 and K, = 1-0, found by 
trial and error, the quantum efficiencies for reactions 1—24 have been calculated, and are 
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given in col. B of Table V. The agreement between the observed and the calculated rates 
is fair, but a closer scrutiny of the results shows that the quantum efficiency is not quite 
independent of the bromine concentration and increases very slowly with it. Two reasons 
can be given for this effect. (i) Although light absorption is complete at the maximum of 
absorption, this is not the case elsewhere in the region of absorption and a small increase 
in the number of activated bromine molecules with increase in bromine concentration is 
therefore to be expected. (ii) It can be readily shown that reversibility to any extent 
of the first addition process, 7.¢., 
(4) C,H;Br, = C,H; Br + Br, .. eae? ox Sage Oe 
leads with the same assumptions as in the first mechanism, to a quantum efficiency equation 
—d[Br,]_ —s_- 3k, kJ [C,H Br] ‘~ [Br.] 
dt k[X]/k, + (CgH;Br] “ &,/k; + [Bre] 
= K,[C,H;Br] ” [Br,] 
K, + [CgH;Br] Ks + [Br,] 
By using the constants K, = 0-02, K, = 1-0, and K, = 0-016, the quantum efficiencies 
given in col. A of Table V are obtained. In almost all cases the agreement with the 
observed rates is good, and it is noteworthy that in order to obtain such close correlation 
it is necessary to take into account the reversibility of the bromine addition process only. 
This may be taken as an indication that the first step in the bromination process may be a 
complex C,H; Br,Br,, and that the subsequent rearrangement of the complex into tribromo- 
cyclohexadiene is not instantaneous. The magnitude of the effect of varying bromine 
concentration is, however, too small for the above suggestion to be tested quantitatively. 
This kind of dependence on the bromine concentration was found by Meidinger (/oc. cit.) 
for the bromine—benzene interaction. 

A preliminary investigation has shown that the photobrominations of nitrobenzene and 
benzil proceed along very similar lines. Both reactions show a first-order dependence 
on the light intensity, and at room temperature no hydrogen bromide is produced in either 
case. 








The authors wish to thank Mr. E. J. Bowen for advice and the loan of apparatus, and Messrs. 
Imperial Chemical Industries for a grant. They are also indebted to Messrs. E. C. Fieldsend, 
J. G. Barnes, and T. K, Hanson for much preliminary experimental work. 
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369. The Photolysis of B-Chloro-B-nitrosobutane. 
By STOTHERD MITCHELL and JOHN CAMERON. 


This paper describes the technique we have developed for measuring quantum 
efficiencies with red light. The value 1-2 has been obtained for the photolysis of 
8-chloro-8-nitrosobutane in methyl alcohol. The products, hydrogen chloride, methyl 
ethyl ketoxime, and the monoxime of diacetyl, have been isolated and the reaction 
mechanism is discussed. 


MITCHELL and CARSON (J., 1936, 1005) showed that a mixture of 8$-chloro-$-nitroso- and 
y-chloro-y-nitroso-hexanes results from the photochemical action of nitrosyl chloride on 
n-hexane, and preliminary experiments indicated that the corresponding oxime hydro- 
chlorides are produced when solutions of these chloronitroso-compounds in m-hexane and 
methyl alcohol are irradiated with red light in the absence of oxygen. We have now 
studied in more detail the photolysis of 8-chloro-8-nitrosobutane in methyl alcohol, and have 
determined the quantum efficiency for red light. Hoffman (J. Amer. Chem. Soc., 1934, 
56, 1894), Anderson, Crumpler, and Hammick (J., 1935, 1679), and Hammick and Lister 
(J., 1937, 489) have made quantum-efficiency measurements for the photolysis of some 
compounds containing the nitroso-group, but our technique differs considerably from theirs. 
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In order to simplify the energy measurements it is desirable that the light should be 
completely absorbed: We have found that a Christiansen filter gives light sufficiently 
monochromatic for this purpose, and the requisite intensity is obtained by using a carbon 
arc as light source. Weigert and Staude (Z. physikal. Chem., 1927, 130, 607) have shown 
that, when a Christiansen filter is constructed from powdered crown glass and methyl 
benzoate, the light which passes straight through is red at about room temperature, the 
other colours being scattered. By adjusting the temperature, it is possible to obtain 
approximately monochromatic light of any desired wave-length. We purchased a filter 
of this type from Schott & Gen., of Jena, and found that at 15-7° its transmission maximum, 
Amax. Was Situated at 6500 a., the wave-length of maximum absorption of a solution of 
8-chloro-8-nitrosobutane in methyl alcohol. Table I shows for various wave-lengths 4, 
the molecular extinction coefficient « of such a solution and the percentage transmission 
7, of the filter at 15-7°, the latter being determined by the method of Elvegard, Staude, and 
Weigert (Z. physikal. Chem., 1929, B, 2,159). By using a red glass filter in series with the 
Christiansen filter, we were able to render the light more nearly monochromatic by reducing 
the transmission on the short-wave side of the maximum. The percentage transmission 
of the two filters is given by 7,. We employed this combination in our quantum-efficiency 
experiments. Variations in the intensity of the arc were allowed for by reflecting a small 
fraction of the light on to a Weston photronic cell connected to a recording galvanometer. 
The same cell was used for determining the change in concentration which our solution had 
undergone after 7 hours of irradiation. 


TABLE I. 


6900 6800 6700 6600 6550 6500 6450 
6-50 8-87 11-50 14-00 14-80 15-10 14-50 
0-4 2-0 7-9 31-6 50-1 70-8 50-1 
0-4 2-0 7-9 31-6 50-1 70-8 39-8 

6300 6200 6000 5800 5600 5400 

11-80 10-05 7-69 5-32 2-66 0-88 
7-9 2-0 0-2 _ — | —_ 
5-0 1-0 —_— _ _ _— 


EXPERIMENTAL. 


Preparation of 8-Chloro-B-nitrosobutane.—Rheinboldt and Dewald (Annalen, 1927, 455, 300) 
obtained this substance by the action of nitrosyl chloride on methyl n-butyl ketoxime, but we 
found that it could be prepared more conveniently by the action of chlorine on the ketoxime 
dissolved in dilute hydrochloric acid (cf. Piloty and Steinbock, Ber., 1902, 35, 3113). The blue 
oil which separated was washed with sodium carbonate solution, then with water, dried over 
anhydrous sodium sulphate, and distilled under reduced pressure; b. p. 35°/50 mm. [Found : 
Cl (by Stepanow’s method), 29-1. Calc. for C,H,ONCI1: Cl, 29-2%]. We examined-the absorp- 
tion spectrum of the §-chloro-$-nitrosobutane with a Goldberg spectrodensograph, using a 
2-cm. column of a methyl-alcoholic solution containing 1-027 g./100 c.c. 

Energy Measurements.—A side elevation of the optical arrangement is shown diagrammatic- 
ally in the figure. The arc lamp (a Zeiss model with mechanical feed) was run from the D.C. 











S, carbon arc; L,, Lz, lenses of 10 and 100 cm. focal length, respectively; A, metal plate with 
rectangular aperture 2-6 x 1 cm.; B, circulating water-filter, 7-5 cm. thick; C, red glass filter (Schott 
& Gen., RG 2, 2 mm. thick); D, black paper with circular hole 8 cm. in diameter; E, thermostat with 
glass sides; F, Christiansen filter, 9 cm. in diameter, 4-5 cm. thick; G, screen with shutter; H, blackened 
screen with rectangular aperture, 2-6 x 1cm.; K, glass plate inclined at a small angle to H; P, Weston 
photronic cell with iris diaphragm; T, Zeiss thermopile. 
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mains with a current of 8 amps., using Conradty carbons, 7 mm. positive and 5 mm. negative. 
A magnified image of the positive crater of the arc (about 8 cm. in diameter) was projected by 
L, through A, B, C, and D on to the front of E; L, formed an unmagnified image of the slit in 
A at the front of T. Scattered light was stopped by H, and part of the light passing through 
H was reflected by K on to P; H and T were mounted on an optical bench. The thermostat 
was kept at 15-7°. 

The thermopile had an exposed surface of 2 x 0-4 cm., and it was used in conjunction with 
a galvanometer which gave a deflexion of 5-5 cm. on a scale at 150 cm. when the thermopile 
(with protecting glass removed) was exposed to the radiations from a Hefner lamp at a distance 
of 100cm. Hence the energy per cm. scale division,per sec., f = (2-25 x 10° x 0°8)/5-5 cals. 
= 3-273 x 10° cals. (cf. Gerlach, Physikal. Z., 1913, 14, 577). 

The photocell was connected to a recording galvanometer, and the iris diaphragm in front 
of the cell was adjusted so that the ratio of the deflexion produced by the thermopile (protected 
by the glass plate) to that produced by the photocell was about 6 to 1. <A series of photographs 
were then taken with the shutter G alternately opened and closed for 30 secs., the corresponding 
readings produced by the thermopile being noted in each case. Some typical results are in 
Table II. From these it is seen that the ratio of thermopile reading T to the mean photocell 
reading P is practically constant, so that the deflexion given by the photocell can be taken as 
proportional to the light intensity for the range with which we are concerned in our experiments. 
The average value for 7 /P (which we shall denote by a,) is equal to 6-37. 

A rectangular glass cell, 1 cm. thick and having a ground glass stopper, was then filled with 
2-7 c.c. of a solution of 4-001 g. of 8-chloro-8-nitrosobutane in 100 c.c. of methyl alcohol, which 
had been freed as far as possible from dissolved oxygen by bubbling in nitrogen and then dis- 
tilling it in an atmosphere of nitrogen. The thermopile was moved back a short distance, and the 
glass cell was inserted in front of it in a holder having a slit 2 x 0-4 cm., so that this slit was in 
the position previously occupied by the slit of the thermopile. The solution was then irradiated 
for 7 hours. For this period 7 pairs of carbons, each burning for 1 hour, were required. A 
photographic record of the variations in the intensity of the light was made for each pair of 
carbons, and the mean photocell deflexion P’ was found from each record. Table III gives the 
results obtained. The average of the P’ values (which we shall call a,) is 9-3 cm. Introducing 
a correction of 5% for light losses by reflection, and denoting the time of irradiation in secs. 
by #, we calculate that the total energy absorbed = f x 1-05a, X a, x ¢ = 5-142 cals. 


TABLE II. 


TABLE III. 


Carbons 2 3 4 
9-2 8-9 9-4 9-7 9-6 9-0 9-3 


Mols. decomposed.—For measuring the concentration at the end of the period of irradiation, 
the arrangement in the figure was slightly modified. An Osram 12-volt, 100-watt projection 
lamp run from accumulators was substituted for the carbon arc, and the thermopile was replaced 
by the photocell. This light source was found to be steady to 1 partin 500. 2C.c. of the partly 
decomposed solution from the cell were made up to 10 c.c. with methyl alcohol. This diluted 
solution was then placed in a glass cell 1 cm. thick fixed in front of the photocell, and the de- 
flexion was noted. Readings were also taken with the cell filled with solutions of 8-chloro-{- 
nitrosobutane in methyl alcohol of the concentrations shown in Table IV. The concentration 
x of the irradiated solution (5 times diluted) was then found graphically to be 0-6702 g./100 c.c. 
of solution. Hence, mols. decomposed = [2-7 x (4-001 — 3-351)]/(100 x 121-5) =: 1-444 x 
10+. 


TABLE IV. 


Concn., g./100 c.c. of soln. 0-8002 0-7202 0-6402 0-5601 
Defiexion (cm.) 16-9 20-7 25-4 31-1 


Quantum E ficiency.—The quantum efficiency y is given by 
y = [(mols. decomposed) /(cals. absorbed)] x [(2-847 x 107)/650] = 1-2 





mare em Oo 


»* Yao 


[1938] The Photolysis of 8-Chloro-B-nitrosobutane. 1967 


(cf. Allmand, Trans. Faraday Soc., 1925—26, 21, 442). Another experiment carried out with 
a 6% solution of 6-chloro-8-nitrosobutane in methyl alcohol also gave y = 1-2. 

Effect of Concentration on the Quantum E fficiency.—The effect of concentration was investi- 
gated by carrying out two experiments in duplicate. For these, two pairs of cells were made from 
glass tubing of 2-5 cm. internal diameter and severally 1 and 2cm. long. The cells were closed 
by glass discs cemented in position. Each cell had a narrow side tube into which a tightly 
fitting glass rod was fitted and held with a short piece of rubber tubing. In the first experiment, 
the 1 cm. cells were filled with an 8% solution of $-chloro-§-nitrosobutane in methyl alcohol, 
and the 2 cm. cells with a 4% solution. The cells were mounted close together on a wooden 
stand so that their centres lay on the circumference of a circle and the two sizes alternated. 
They were then exposed for 4 hours to a beam of sunlight which had passed through a water- 
filter and a red glass filter, an improvised heliostat ensuring that the beam was always parallel 
to the cell walls. Considerable photolysis had then taken place, and the solutions were diluted 
(the first by twice as much as the second) and examined in the photoelectric colorimeter already 
described. All were found to be decomposed to the same extent. The same result was obtained 
in the second experiment when the 1 cm. cells were filled with 4% solution, the 2 cm. cells with 
2% solution, and the irradiation was carried on for 2 hours. We can conclude from these 
experiments that the quantum efficiency does not change with concentration within the limits 
2—8%. 

, ae of Photolysis.—For most of our work an approximately 5% solution of $-chloro-B- 
nitrosobutane in methyl alcohol was used. This solution was stable when kept in the dark, 
but when it was exposed to red light the blue colour gradually faded and the solution became 
practically colourless. If the solution was open to the air during irradiation, part of the B- 
chloro-8-nitrosobutane was oxidised to the nitro-compound, so we carried out our experiments 
in sealed tubes in order to eliminate this complication. The tubes were placed in a glass vessel 
through which water circulated, and were exposed either to sunlight or to the light from 
ordinary electric lamps. After photolysis, the solution was found to contain hydrogen chloride, 
which was estimated by titration with standard silver nitrate solution. 2 C.c. of a solution 
which before photolysis contained 4-904 g. of 6-chloro-8-nitrosobutane in 100 c.c. of solution 
required 8-1 c.c. of 0-09458n-silver nitrate, so that after photolysis 95% of the total chlorine 
was present as chloride ion. From another portion of the solution, which had been rendered 
practically colourless by irradiation, the methy] alcohol was removed at rcom temperature under 
reduced pressure and a brown, partly solid residue was obtained. This was dissolved in a little 
water, and the resulting solution neutralised with potassium hydroxide and then extracted with 
ether. The ethereal solution was dried over anhydrous sodium sulphate and filtered and after 
removal of the ether the remaining oil was distilled under reduced pressure. A colourless liquid 
(I), b. p. 50°/6 mm., was obtained, together with a small amount of a white solid (II), m. p. 
74-5°, which collected in the upper part of the condenser. Some tarry material left in the 
flask was not further examined. The aqueous solution from which these products had been 
extracted was evaporated to dryness under reduced pressure, and the solid residue extracted 
with ether (Soxhlet). When this extract was concentrated, a white solid (III) separated, 
m. p. 55°. From 55 g. of 6-chloro-$-nitrosobutane the following quantities of the various pro- 
ducts were obtained : (I), 7g.; (II), 1g.; (III), 16g.; hydrogen chloride, 15-7 g. 

The liquid (I) was identified as methyl ethyl ketoxime from the following data: nj” 
1-4402 (an authentic specimen had n}" 1-4410); steam-distillation after the addition of some 
hydrochloric acid gave a ketone whose semicarbazone had m. p. 143° (mixed with this and alone, 
the semicarbazone from methyl ethyl ketone had the same m. p.). The solid (II) was identified 
as diacetyl monoxime (Found: C, 47-5; H, 6-7; N, 14:0. Calc. for C,H,O,N: C, 47-5; H, 
6-9; N, 13-9%) and had m. p. 74°5°. Treatment with hydroxylamine hydrochloride produced 
dimethylglyoxime, which formed the characteristic nickel compound. On analysis, (III) gave 
C, 51-3; H,8°5; N, 15-2; M, cryoscopic in benzene, 235 ; ebullioscopic in alcohol (Menzies’s method), 
188 (CgH,,03N, requires C, 51-1; H, 8°5; N, 14-9% ; M, 188). The number of hydroxy] groups in 
(III) was determined by the method of Zerewitinoff (Ber., 1907, 40, 2023)). Pyridine was used 
as solvent and 0-0990 g. of the substance gave 38-90 c.c. of methane at 20° and 760 mm., which 
corresponds to 3 hydroxyl groups per molecule. When (III) was allowed to stand with methyl- 
alcoholic hydrogen chloride, and the solution was then treated in the same way as that obtained 
in the photolysis of the $-chloro-$-nitrosobutane, (I) and (II) were isolated in about equal 
quantity. The compound (III) is therefore regarded as y-hydroxy~y3-dimethylhexan-Be-dione 
dioxime. ‘ 

An attempt was then made to purify the brown, partly solid residue (see above). When it 


6L 





1968 Hartley: The Solvent Properties of 


was washed with methy] acetate, a slightly brown solid remained which, after crystallisation from 
benzene, was white. This product (IV) absorbed moisture on exposure to the air and soon became 
coloured, but it was stable when kept over calcium chloride in a vacuum desiccator. It started 
to melt at 110° (decomp.) (Found: N, 13-6; Cl, 17-0. C,H,,O,N,,HCl requires N, 13-6; 
Cl, 17-2%. The same result was obtained for Cl by Stepanow’s method and by titration with 
standard silver nitrate). When an aqueous solution of (IV) was neutralised with potassium 
hydroxide, evaporated to dryness, and the residue was extracted with ether, product (III) was 
obtained, so that (IV) can be regarded as the parent of (III). The substance (IV) is presumably 
the monohydrochloride of y8-dimethyl-A’-hexadiene-Be-dione dioxime (IV’). 

Other Solvents.—The photolysis of 8-chloro-$-nitrosobutane was also investigated in acetone, 
carbon tetrachloride, and m-hexane as solvents. With acetone the solution remained homo- 
geneous as with methyl alcohol, but with carbon tetrachloride and m-hexane the products of 
photolysis separated as yellow oils which became brown on standing. These oils contained con- 
siderable amounts of tarry material, which rendered difficult the isolation of the reaction pro- 
ducts. We were able, however, to show the presence of hydrogen chloride, (I), (II), and (III) 
in every case. 

CONCLUSION. 


The value y = 1-2 has been obtained for the photolysis of 4 and 6% solutions of 6- 
chloro-$-nitrosobutane in methyl alcohol, and additional experiments have shown that 
the quantum efficiency is independent of concentration for the range 2—8%. The following 
mechanism is suggested : 

NO-CMeCl-CH,Me + hv —-> [C,H,ON] + HCl 


unsaturated residue 


HO-N:CMe-CMe TRIE, HO-N:CMe’CH,Me (1.) 


I ~, —> + 
HO-N:CMe-CMe HO-N:CMe-CMe-OH HO-N:CMe-COMe (II) 
(IV’.) (III.) 

Hammick and his collaborators (loc. cit.) have shown that when certain aliphatic nitroso- 
compounds are irradiated with red light the group NOH is split off. With the chloronitroso- 
compound now investigated, the more negative chlorine atom is removed along with 
hydrogen in preference to the nitroso-group. Further work on the photochemistry of 


chloronitroso-compounds is in progress. 


2[C,H,ON] —> 


One of us (J. C.) is indebted to the Department of Scientific and Industrial Research for a 
grant and to the Carnegie Trust for a scholarship. We also desire to thank Prof. F. Weigert for 
the loan of apparatus and for helpful suggestions. 


UNIVERSITY OF GLASGOW. [Received, October 5th, 1938.] 





370. The Solvent Properties of Aqueous Solutions of Paraffin-chain Salts. 
Part I. The Solubility of trans-Azobenzene in Solutions of Cetyl- 


pyridinium Salts. 
By G. SPENCER HARTLEY. 


Aqueous solutions of paraffin-chain salts have considerable solvent powers for 
organic substances only slightly soluble in water alone. This is due to these salts 
forming, in solution, micelles of which the interior is composed of the paraffin chains 
in a liquid state of aggregation. Solutions of non-polar crystalline substances which 
are insufficiently soluble to modify considerably the properties of the micelle provide 
the simplest type of system. In this communication, measurements are reported of the 
solubility of tvans-azobenzene in solutions of several cetylpyridinium salts. The 
ratio of azobenzene molecules to paraffin-chain ions is approximately constant over 
a wide range of concentrations and is of the same order as the molecular ratio in a 
saturated solution in paraffin in bulk. The constancy is not exact, and the ratio 
varies somewhat with the nature of the anion, indicating that the solvent power 
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of the micelle is slightly modified by its ionic environment. The transition in very 
dilute solutions from the ionically disperse to the aggregated condition is strikingly 
demonstrated by this solubility method. The method can be applied in the presence 
of high concentrations of simple salts, and the effect of these has been examined. 


IF an organic solvent, miscible with water, is saturated with a non-polar substance, it 
is a matter of common experience that the addition of a quite small amount of water 
will throw a large fraction of the substance out of solution. For example, from Christian- 
sen’s data (Medd. K. Vetenskapsakad. Nobel-Inst., 1918, 4, No. 2) we find that the amounts 
of naphthalene dissolved by 100 g. of methyl, ethyl, and propyl alcohols after addition 
of 20 g. of water are respectively only 0-29, 0-41, and 0-53 of the amounts dissolved in 
the absence of water. After addition of 100 g. of water these fractions become 0-045, 
0-094, and 0-24. The solvent power becomes much smaller still on further dilution, 
For example, acetone in 50, 20, and. 10% mixtures with water has only 0-021, 0-0005, 
and 0-0002 of the solvent power of pure acetone for ¢vans-azobenzene (present work), 

This behaviour is entirely to be expected from considerations of statistical mechanics. 
It need only concern us now, however, to emphasise its very wide generality and to note 
an important further point which emerges from Christiansen’s data and is supported by 
what other evidence is available on similar systems. The alcohols lose their solvent power 
on dilution by no means equally rapidly, but markedly less rapidly in the sequence methyl > 
ethyl > propyl. Comparison at corresponding mol.-fractions instead of weight fractions 
serves only to make the differences greater. This sequence is that of decreasing intimacy 
of mixture with water, as judged either by expectation from solution theory, by the 
ease with which the alcohol is salted out from water, or by the curvature of the vapour 
pressure-mol.-fraction plots. We may say that a solvent which mixes with water loses 
most of its solvent power for non-polar substances when it does so, and that the extent 
of this loss is a measure of the completeness with which the molecules are inter-dispersed. 

Aqueous solutions of paraffin-chain salts, t.¢e., salts in which the charge of one kind 
is carried by a group at the end of a long paraffin chain, have considerable solvent pro- 
perties in addition to, and quite distinct from, their effectiveness as emulsifying agents 
(Pickering, J., 1917, 111, 86; Bailey, J., 1923, 123, 2579; Angelescu and Popescu, Kolloid 
Z., 1930, 51, 247; Lester Smith, 7. Physical Chem., 1932, 36, 1401, 1672, 2455; Hartley, 
“‘ Aqueous Solutions of Paraffin-chain Salts,’’ Hermann, Paris, 1936, p. 41; McBain and 
Laing-McBain, J. Amer. Chem. Soc., 1936, 58, 2610; Hartley, article in ‘“‘ Wetting and 
Detergency,”’ Harvey, London, 1937, p. 153; Lawrence, .Trans. Faraday Soc., 1937, 
33, 815; McBain and Woo, J. Amer. Chem. Soc., 1938, 60, 223). 

These salts, when in clear solution, greatly augment the solubility of many organic 
substances in water at dilutions where alcohol, acetone, etc., would produce only an 
immeasurably small effect. The molecular ratio of saturant (in excess of that which would 
be taken up by the water alone) to paraffin-chain salt is, by contrast with the correspond- 
ing ratio for a diluted ordinary organic solvent, only slightly dependent on manifold 
changes of dilution. When the saturant is a crystalline solid, this ratio, which we shall 
call the saturation ratio, is of the same order as the ratio of saturant to solvent in solution 
in an ordinary anhydrous organic solvent. The possibility that this behaviour might be 
due to the formation of very stable complexes between saturant and paraffin-chain ion 
is quite ruled out by the great variety of substances which can be dissolved, many of 
them very stable chemically, and of ionic groups to which the paraffin-chain may be attached. 
Furthermore, the saturation ratio is not quite constant and does not in general approxi- 
mate to any simple integral ratio. 

It must be concluded that the paraffin-chain salt, although it may be highly crystalline 
in the pure state, behaves as a liquid solvent on solution in water, and that that part 
of it which is responsible for the solvent action is not diluted by the water in the sense of 
being intimately dispersed as separate ions. This is exactly the conclusion to which 
other evidence on the properties of these solutions has led (Hartley, Joc. cit., 1936; Adam, 
Ann. Reports, 1936, 33,103; Hartley and Runnicles, Proc. Roy. Soc., 1938, A, 168, 420). 
The paraffin-chain ions aggregate into micelles with the ionic groups forming a hydrophilic 





1970 Hartley: The Solvent Properties of 


outer layer round a paraffin interior. The paraffin chains move freely in this interior, 
subject to the restrictions imposed by the limited size of the aggregate and the necessity 
of the ionic groups being “‘ anchored ”’ in the outer layer. The solution therefore in some 
ways resembles an amicroscopic emulsion of paraffin and will have the solvent properties 
of paraffin added on to those of water. For saturants which themselves have ‘‘ amphi- 
pathic ’”’ molecules (Hartley, loc. ctt., 1936, p. 44), i.e., molecules having considerably 
separated groups of markedly different affinity, it is to be expected that orientation in 
the micelle will cause the solubility in a paraffin-chain salt solution to be more than addi- 
tive for the paraffin and water contents. The various types of system encountered and 
to be expected have been discussed by Hartley (loc. cit., 1937) and Lawrence (loc. cit.). 

Fuller investigation of this solvent action should throw valuable light, not only on 
the constitution of the micelle, but also on more fundamental problems in solution and 
adsorption theory. This communication is concerned only with the simplest type of 
system—where the saturant is a non-polar crystalline substance, the solubility of which, 
although great enough to be easily measured, is not so great that the properties of the 
micelle will be considerably altered by its presence. Such a substance might be expected 
to dissolve entirely in the paraffin interior of the micelle, and so to give a saturation ratio 
independent of concentration and approximating to that obtaining in paraffin in bulk. 
Azobenzene was chosen as fulfilling the required conditions and being in addition easily 
purified and readily estimated in very dilute solutions by the photo-absorptiometric 
method. 

In Fig. 1 (a and 8) the saturation ratio is plotted against the concentration (c,) of 
paraffin-chain salt, and in Fig. lc against the concentration of the corresponding sodium 
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salt for a constant value of c,. Examination of the curve for cetylpyridinium chloride 
without added salt (Fig. 1a, with extension into high concentrations on a smaller scale 
on the right, and with the low concentrations on a larger scale in the lowest curve of Fig. 
16) shows that there is no detectable solvent action for c, < 0-0009N. Above this con- 
centration, the saturation ratio rises very rapidly, attaining a value more than half of that 
at 500 times this concentration within the first hundredth of this range. This is in line 
with other properties (Hartley, loc. cit., 1936; Adam, oc. cit.). At just the same concentra- 
tion, for example, the equivalent conductivity commences to fall very rapidly from the 
value characteristic of a normal electrolyte (Malsch and Hartley, Z. phystkal. Chem., 
1934, A, 170, 321). It is due to there being a “ critical’’ concentration for micelles, below 
which hardly any exist, and above which they contain most of any further paraffin-chain 
ions added. The abruptness of the transition is to be expected from mass-action con- 
siderations (Bury et al., Phil. Mag., 1927, 4, 841; J., 1929, 679; 1930, 2263. See also 
Murray and Hartley, Trans. Faraday Soc., 1935, 31, 183). 

The effect of addition of sodium chloride in lowering the critical concentration is 
illustrated in Fig. 1b. The lower parts of the curves are derived from direct plots of c, 
(the saturation concentration of azobenzene) against c,. In calculating the saturation 
ratio, S = (c, — c,°)/c,, c,° is here the value of ¢, in the appropriate solution of sodium 
chloride alone. Sodium chloride in 0-032N-concentration has already reduced the critical 
concentration for micelles from 0-0009N to less than 0-0001N. With higher concentra- 
tions of salt, the experimental accuracy is not sufficient to permit the still lower critical 
concentrations to be determined. These results are consistent with the low concentrations 
of paraffin-chain salt it was found possible to use in diffusion measurements in sodium 
chloride solutions without an increase of diffusion coefficient being apparent (Hartley 
and Runnicles, loc. cit.). The effect of salt found here in increasing the solubility of a non- 
polar substance in an apparently aqueous medium is a quite anomalous phenomenon 
unless it is looked upon as a secondary effect of a (partial) normal “ salting out ” of the 
active solvent. The very direct evidence that, at the critical concentration, the paraffin- 
chain ions aggregate into a virtually separate phase is conclusive against the alternative 
theory of Howell et al. (Proc. Roy. Soc., 1936, A, 155, 386; 1937, A, 160, 440), put for- 
ward to explain the critical concentration for conductivity in pure solutions. 

The broken curve in Fig. la represents the quantity dc,/dce, (= S + ¢,.dS/dc,) 
for the sulphate. Its almost complete independence of concentration above ca. 0-006N 
(and of the concentration of sodium sulphate when added) shows that the solvent pro- 
perties of the micelle are in this case almost uninfluenced by ionic environment. That 
it goes through a maximum (at c, = ca. 0- ‘002N) can therefore only mean that, in this 
region, the micelle concentration (to which c, is proportional) increases more rapidly than 
the total concentration, some of the already present single ions being incorporated into 
the micelles along with those added. This is the first direct experimental evidence of a 
prediction by Murray (Trans. Faraday Soc., 1935, 31, 206; see also Hartley, loc. cit., 
1936, p. 25). 

A similar maximum (not shown) is found in the case of the chloride, but is here hardly 
outside the experimental error and is obscured by the curve descending on to a slow 
upward slope which is maintained up to very high concentrations. Evidently, the 
solvent power of the micelles in the chloride solution increases with increase of concentra- 
tion. It will be seen (Fig. 1c) to increase comparably with increase of sodium chloride con- 
centration, after an initial much steeper increase of S due to completion of micelle 
formation. In the bromide solutions, the increase with c, is greater. In the acetate solu- 
tions, it is less, and the effect of simple salt is also less. 

The solvent powers of the micelles in the pure solutions increase in the same order as do 
their sizes as deduced from mobility measurements (Samis and Hartley, Trans. Faraday Soc., 
1938, 34, 1288). In the effect of addition of simple salt, however, there is no parallelism. 
Diffusion measurements indicate that, in excess of simple salt, the micelle size is hardly at all 
dependent on the nature of the anion or the concentration. The differences in size are thus 
reduced by addition of salt. The differences in solvent power are increased. It must be 
emphasised that the differences that we are here concerned with are all of a minor order 
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and do not indicate any fundamental changes in the structure of the micelles. Evidently 
only one of the factors controlling size is of significance in controlling solvent power. This 
is probably the extent of penetration of anions into the outer layer of the micelle. There 
is a greater fraction of halide ions incorporated in the micelle than of sulphate ions, a 
difference parallel to the solubility of the cetylpyridinium salts in organic solvents (cf. 
Samis and Hartley, Joc. cit.). An outer layer extensively penetrated by halide ions (as 
ion pairs) will permit the inclusion also of the polarisable azobenzene molecules, whereas 
the outer layer of the micelle in the sulphate solutions, being more ionised and giving 
place more sharply to water, will permit this inclusion to a much smaller extent. In 
this connexion it is of significance that the solubility of azobenzene (as will be seen from 
the saturation ratios for pure solvents indicated on the right of Fig. 1a and recorded in Table 
II) is considerably less than ideal in paraffins and more nearly approaches the ideal in some 
polar solvents. The saturation ratio for cetylpyridinium sulphate is at all concentrations 
less than the value for hexadecane in bulk, as is to be expected on account of the restriction 
on the movement of the paraffin chains in the micelle and the pressure to which the micelle 
is subjected by the surrounding water (Hartley, loc. cit., 1937). In the solutions of the 
chloride, however, and still :‘more in those of the bromide, this ratio exceeds the value for 
hexadecane. The outer part of the micelle is presumably here coming into play. Could 
a crystalline paraffinic substance have been substituted for azobenzene, the behaviour 
would probably have been simpler. 

Mobility measurements in mixtures of cetylpyridinium chloride and sulphate solutions 
indicated that the chloride ions, despite their lower charge, are preferred for attachment 
to the micelles. A corresponding experiment was made in this work, but the solutions 
with added sodium salts, in which the saturation ratios are more widely different, were 
chosen. An appreciable departure from a simple additive behaviour was evident in 
the sense of the solubility being more nearly that in the solution of chlorides only (see 
Table Ia and small inset in Fig. lc). The departure is not apparently very great, but it 
rust be remembered that the sulphate ions will be very much more concentrated relatively 
to the chloride at the surface of the micelle than in the bulk of the solution, so that the 
preference for incorporation of chloride ions in the micelle is in reality much greater than 
at first appears. 

EXPERIMENTAL. 


Materials.—irans-Azobenzene was purified as previously described (this vol., p. 633). It 
was obtained in small crystals, suitable for solubility work, by precipitating it from an acetone 
solution by slow addition of water with constant stirring. Before filtration, a small further 
amount of acetone was added to redissolve any very small nuclei, the presence of which was 
found to give rise to turbidity in dilute solutions of paraffin-chain salts. Freedom from super- 
ficial contamination with cis-form was confirmed by determining the solubility of the same 
sample in successive volumes of water, in which the cis-form is much more soluble. 

Cetylpyridinium chloride was prepared as described by Hartley (J. Amer. Chem. Soc., 
1936, 58, 2347). The concentration of stock solutions was determined by electrometric titra- 
tion with silver nitrate solution. The acetate was prepared in solution from a standard solution 
of bromide, as described by Samis and Hartley (loc. cit.); the solution, at first faintly cloudy, 
became perfectly clear after standing for some weeks, the residual colloidal silver bromide 
having precipitated in an adherent form on the walls of the glass vessel. A trace of acetic 
acid was added in the preparation to avoid development of a yellow colour which always takes 
place in alkaline solutions. The concentration was determined by titration with a cetane- 
sulphonate solution (Hartley and Runnicles, Joc. cit.), and indicated that 0-5% of the cetyl- 
pyridinium had been lost during the conversion from the bromide. For some measurements, 
the preparation of sulphate solution described by Samis and Hartley was used, and for others 
a solution obtained by adding the equivalent amount of sulphuric acid to the acetate solution. 
The results were in good agreement, the free acetic acid in the concentrations used having 
apparently no effect. 

Hexadecane (m. p. 17—19°) was a specimen (kindly supplied by Prof. N. K. Adam) pre- 
pared by decomposition of the magnesium compound of cetyl bromide with water. Decane 
(b. p. 172—175°) was prepared by the Wurtz method from u-amyl bromide. Other solvents 
used were commercial pure materials. 
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Since earlier measurements indicated a slow upward drift of solubility, traced to photo- 
chemical production of cis-azobenzene in solution (this vol., p. 633), all the measurements 
here reported were made in a dimly lit room and the thermostat water in which the solubility 
vessels were immersed was deeply stained with methyl-orange. 

The vessels were of the shape shown in Fig. 2, of capzecities from 5 to 100 c.c. according to 
the volume necessary for analysis. They were mounted in a frame, which was supported on 
bearings on the outside of the tank and sub- 
jected to a continuous rocking motion of Fic. 2 
about 15 cycles per minute. This gave to paste 
the vessels the motion indicated by the 
external arrows, and to their contents (which ae 
did not completely fill the “ horizontal” 
tubes) that indicated by the internal arrows. 
The stoppers were recessed as shown below 
the water level to avoid condensation. This 
apparatus is very convenient, as a large 
number of vessels can be housed in one tank, 
and the mechanical parts are very simple 
and reliable. 

Equilibrium was attained almost as 
rapidly in the paraffin-chain salt solutions as 
in water—acetone mixtures, 6 hours being 
usually sufficient. Confirmation of the 
equilibrium was obtained in typical cases by 
observation of the fall of the azobenzene con- 
centration to its previous value after the 
vessels had been maintained at a higher 
temperature for some hours. To eliminate 
the possibility of decrease of concentration of 
paraffin-chain salt by adsorption on the 
solid saturant, each sample was treated with several successive samples of solvent when this 
was a dilute solution. No such effect was observed. Concentrated solutions of the chloride 
become appreciably more viscous on saturation with azobenzene. There is no noticeable effect 
on the sulphate or acetate, but a much greater effect on the bromide. At higher concentra- 
tions than 0-2n, this solution becomes much too viscous to filter, and even at this concentration 
the rocking of the vessel was quite ineffective in stirring the solution. The value recorded 
was obtained from a solution cooled after saturation at a higher temperature. The solution 
process is not to be confused with colloidal ‘‘peptisation.”” The solutions are perfectly clear, 
when the above-mentioned precaution is taken of avoiding excessively small crystals of the 
saturant, and even this is unnecessary with paraffin-chain salt concentrations above 0-005n. 

Samples of the solutions were extracted for analysis through Jena micro-immersion filters, 
diluted with water or the appropriate sodium salt solution if necessary, and readings taken 
in a suitable cell on a photoelectric absorptiometer. T hough the solutions were supersaturated 
at room temperature, they could be relied upon to remain so for the few minutes necessary for 
the measurements to be effected. Azobenzene separates from them in small scintillating 
plates whose presence is very easily detected. 

The azobenzene concentrations were determined as follows. <A larger volume than usual of 
one of the more concentrated solutions of each pure salt was saturated. A suitable volume 
of filtrate was made up to a standard volume with acetone, and the photometer reading taken. 
Standard solutions were then prepared from equal volumes of the original aqueous solution 
and various volumes of a more concentrated solution of azobenzene in acetone, made up to 
standard volume with acetone. A short interpolation of the photometer readings enabled the 
concentration of the saturated solution to be obtained. It was then used fo make comparison 
solutions in water, with addition of further pure paraffin-chain salt solution and sodium salt 
solutions. Short interpolations could then give the azobenzene concentrations for solutions 
identical in composition, with respect to all components, with the filtrates or dilutions of them. 
At a given azobenzene concentration, the readings were but little influenced by the paraffin- 
chain salt concentration unless this was very low (i.e., where a relatively large amount of the 
azobenzene is in solution in the water itself), but they were considerably influenced by the 
concentration of sodium chloride, less so by that of sodium acetate and very little by sodium 
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sulphate. It is noteworthy that the effect of these salts on the extinction of azobenzene is 
thus parallel to their effect on its solubility. 

The accuracy of the analysis is 0-5—1% when the azobenzene concentration exceeds 
0-0001n. At lower concentrations it is less, on account of the small fraction of light absorbed, 
and the absolute error may here be taken constant at about 0-000001n. The results, except 


TABLE I. 


Cy» Cys, and c, are the concentrations of cetylpyridinium salt, sodium salt, and azobenzene, 
respectively, in g.-equivs./l. (g.-mols. for azobenzene) at the temperature of measurement. 


Chloride (not all values recorded) ; 25°. 
Cra X 10%. cy xX 10. cp X 104. cya X 10%. cx 104. cp X 104. cya X 10%. GX 104, 

0-24 500 81-6 3-1 : 0-62 
0-26 1045 178 . 1-78 
0-35 2080 374 6-83 
0-48 3120 586 0-20 
0-70 1000 0-69 
1-75 0-24 1-89 
2-68 1-30 7-10 
5-54 6-42 0-18 
10-3 0-47 0°75 
21-9 1-63 2-06 
32-6 6-71 7-88 
50-2 
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Chloride ; 
960 
2400 


Bromide; 33°. 
558 


Sulphate; 25°. 
15-2 
22-5 
39-6 
77-0 
200-0 
39-6 
Acetate; 25°. 
40-0 . . . 
200 . 5 32 
400 . 


200 
523 


| | 


TABLE Ia. 


Mixtures of 0-00418N-cetylpyridinium chloride and 0-32N-NaCl with 0-00396Nn-cetylpyridinium 
sulphate and 0-32N-Na,SQ,. 


Chloride soln., % 20 50 80 90 100 
646 714 769 784 788 


TABLE Tl. 


G. of azobenzene G. of azobenzene 
per 100 g. of Saturation per 100 g. of Saturation 
Solvent. soln.; 25°. ratio. Solvent. soln.; 25°. ratio. 
n-Decane 15-6 0-144 idi 0-438 
n-Hexadecane... 12-2 0-176 0-231 * 
Acetone 0-264 ** Tdeal ”’ 9-50 


* Solid phase (C,H,;N).,C,H,. 


TABLE III. 
Weight % at 25°. Weight % at 25°. 
¢ A — Saturation r A » Saturation 
Acetone. Water. Azobenzene. ratio. Acetone. Water. Azobenzene. ratio. 
54-7 — 45-3 0-264 20-4 79-6 0-0097 0-000145 
67-8 17°5 14-7 0-0697 12-0 88-0 0-0026 0-000058 
60-1 36-3 3-58 0-0189 — 100 0-00044 — 
42-2 57:3 0-280 0-00211 
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some of those for the chloride solutions, which have been omitted for the sake of brevity, are 
collected in Table I. The higher concentrations of paraffin-chain salt have been corrected 
for the appreciable expansion of the solution during saturation, the effective density of azo- 
benzene being found to be 1+l. 

Measurements in water—acetone mixtures, illustrating the behaviour of a normal solvent 
on dilution, are recorded in Table III. They were made similarly, except that samples were 
taken by weight. Comparison solutions were made by appropriate dilution of a standard 
acetone solution. 

Solutions in pure organic solvents were cooled in the thermostat after preparation by 
addition of solvent to molten azobenzene. Samples were extracted in a hot, thick-walled 
pipette, weighed, and diluted with acetone. The necessary dilution was so great that com- 
parison solutions in pure acetone were used. The solubility in benzene was so surprisingly 
low that an analysis of the solid phase, quickly dried between filter-papers, was made. One 
sample, dissolved in acetone and determined photometrically, contained only 71% of azobenzene. 
Another decreased in weight by 30% on exposure to air for some hours till constant weight 
was reached, a process accompanied by efflorescence, which was quite absent in similarly treated 
specimens from the other solvents. The solid phase in equilibrium with the benzene solution 
is thus presumably an equimolecular crystal compound (C,,H, N2,C,H, requires C,H,, 30-0%). 


The author is greatly indebted to Miss E. K. Parsons, whose earlier measurements with 
a visual “‘ colorimeter ’’’ demonstrated the value of the solubility method and the necessity 
of making the later improvements of technique. 


THE StR WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES; 
UNIVERSITY COLLEGE, LONDON. [Received, October 11th, 1938.] 





371. Descent of the Series of Methylated Sugars by the Weerman 
Reaction. 


By W. N. Haworth, S. PEAT, and J. WHETSTONE. 


A study of the action of sodium hypochlorite on seven methylated sugar acid 
amides reveals the following facts. With a methylated amide as with an unmethylated 
amide, the ultimate product is the sugar lower in the series. The first stage involves 
the formation of an isocyanate (not isolated), the subsequent transformation of which 
depends on the nature of the amide. The isocyanate of an a-hydroxy-amide 
decomposes with the liberation of sodium isocyanate. If, however, the «-position is 
methylated, no trace of sodium isocyanate is formed. If the a-methoxy-amide has a 
suitably placed hydroxyl group (as in 2:3:4:6- and 2:3: 5: 6-tetramethyl 
gluconamide), cyclisation takes place of the isocyanate from it and the isomeric cyclic 
urethane is isolated. Proof is given of the ring structure of these urethanes. Cold 
dilute alkali solution suffices to decompose the urethane with the formation of the 
lower sugar. Thus, the cyclic urethane from 2:3: 4: 6-tetramethyl gluconamide 
gives 2: 3: 5-trimethyl d-arabofuranose. Where there is no available hydroxyl group, 
as in pentamethyl gluconamide, no cyclic urethane is formed and the lower sugar, in 
this case, tetramethyl aldehydo-d-arabinose, is directly produced. Cyclisation is 
inhibited when the isocyanate is derived from an a-hydroxy-amide. Thus, 3: 5: 6- 
trimethyl gluconamide, when treated with Weerman’s reagent, gives 2 : 4: 5-trimethyl 
aldehydo-d-arabinose without the intermediate formation of a cyclic urethane. 


IN an attempt to apply the Weerman degradation method to tetramethyl gluconamide, 
Irvine and Pryde (J., 1924, 125, 1045) observed that the reaction followed an unusual 
course which did not lead by degradation to the expected trimethyl arabinose. There 
was isolated a nitrogen-containing product for which a cyclic urethane structure was 
suggested on the basis of its stability and high specific rotation. Later, Humphreys, 
Pryde, and Waters isolated analogous compounds from 2: 3: 5-trimethyl and 2:3: 4- 
trimethyl /-arabinose and these too were regarded as cyclic urethanes (J., 1931, 1298). 

In a study of the Weerman reaction applied to «-hydroxy- and «-methoxy-amides we 
have encountered the urethanes described above together with others and have been 
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able to furnish proof of their cyclic structure. In addition it has been possible to show 
that the cyclic urethane represents simply an intermediate stage in a Weerman degradation. 
It is found, therefore, that this reaction is now applicable to methylated and unmethylated 
sugar acid amides as a general means of descent in the sugar series. 

Seven amides were examined, namely, 2 : 3 : 4 : 6-tetramethyl gluconamide, 2 : 3 : 5 : 6- 
tetramethyl gluconamide, 2 : 3 : 6-trimethyl gluconamide, 3 : 5 : 6-trimethyl gluconamide, 
pentamethyl gluconamide, 2:3:4-trimethyl /-arabonamide and 2:3: 5-trimethyl /- 
arabonamide. 3:5: 6-Trimethyl gluconamide was prepared from crystalline 3:5: 6- 
trimethyl -y-gluconolactone. 

The urethane of Irvine and Pryde is obtained when 2 : 3 : 4 : 6-tetramethyl gluconamide 
(I) is treated in the cold with a solution of sodium hypochlorite prepared according to the 
directions of Weerman (Amnalen, 1913, 401, 1). This urethane (III) is decomposed, also 
in the cold, by contact with 1% sodium hydroxide solution, the product being 2 : 3: 5- 
trimethyl d-arabofuranose (IV). By boiling with methyl-alcoholic hydrogen chloride, the 
sugar was converted into trimethyl methyl-d-arabofuranoside, the furanose structure of 
which was indicated by its ease of hydrolysis with 0-ln-acid, and by the following 
behaviour : Oxidation of the trimethyl sugar yielded trimethyl d-arabono-y-lactone (m. p. 
33°), the constants of which showed it to be identical with that prepared by Avery, Haworth, 
and Hirst (J., 1927, 2317). From the lactone, 2:3: 5-trimethyl d-arabonamide (m. p. 
137-5°) was prepared by the action of ammonia. 

By an analogous procedure, a cyclic urethane (m. p. 110°) (VII) was prepared from 
2:3:5:6-tetramethyl gluconamide (V), and this urethane also was degraded by dilute 
alkali solution with the formation of a trimethyl arabinose. The latter is interesting in that 
the disposition of the methoxyl groups is such that neither a pyranose nor a furanose ring 
is possible. The only cyclic structure that might be assumed is a propylene oxide form, 
but this is unlikely and we prefer to regard the substance as being essentially 2 : 4: 5- 
trimethyl aldehydo-d-arabinose (XI), a view that is supported by its properties. It reduces 
Fehling’s solution in the cold, decolourises permanganate and restores the colour to Schiff’s 
reagent. Some evidence was obtained of the formation of a methylarabinoside when 
the sugar was boiled with methyl-alcoholic hydrogen chloride, but the conversion was by 
no means complete. 

The same trimethyl aldehydo-arabinose was obtained when 3:5: 6-trimethyl 
gluconamide (IX) was treated with hypochlorite solution. From this «-hydroxy-amide 
an intermediate cyclic urethane could not be isolated and similarly pentamethyl 
gluconamide yielded no urethane but was degraded directly to tetramethyl aldehydo- 
arabinose. 

The probable course of a Weerman degradation has been set out by Ault, Haworth, 
and Hirst (J., 1934, 1722), the first stage being the formation of an open-chain isocyanate 
thus : 

CO-NH, N:C:O CO-NH, N:C:0 
on —> | and l —> 
R:-CH-OH R:-CH-OH R:CH:OMe R:CH:OMe 


The subsequent course of the reaction depends on whether the «-hydroxyl group is 
substituted or not. The action of alkali in the two cases is represented as follows : 


N:C:O NaNCO N:C:O CO, + NH; + MeOH 
and 4. 


—> «ss + —> 
R-CH-OH . R-CHO R-CH-OMe R-CHO 


The formation of sodium isocyanate thus provides an excellent test for the presence of 
a-hydroxy-amides. The validity of the test has been disputed, however, by Micheel, who 
alleges (Ber., 1934, 67, 841) that sodium isocyanate may be obtained in small yield from 
certain a-methoxy-amides. The results of our investigation fully support the contention 
of Ault, Haworth, and Hirst. Of the seven sugar acid amides examined, only one yielded 
sodium #socyanate (detected as hydrazodicarbonamide) when treated with hypochlorite. 
This was 3: 5: 6-trimethyl gluconamide, the only «-hydroxy-amide of the series. The 
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other amides, which were all «-methoxy-amides, did not yield any sodium isocyanate. It 
should be. mentioned, however, that precautions were taken to ensure that traces of a- 
hydroxy-amides were not present. It is obvious that there is interaction between the 
isocyanate residue and the adjacent hydroxyl group, but conjecture as to the nature of 
such interaction is not at present susceptible of experimental test. This mutual influence 
makes itself felt in another respect. We have failed to isolate a nitrogen-containing 
derivative (either cyclic or open chain) as an intermediate stage in the degradation of 
3:5:6-trimethyl gluconamide, although the a-methoxy-amides examined (with the 
exception of pentamethyl gluconamide) give crystalline derivatives with the compositions 
of ssocyanates. It is significant that in each case where a stable derivative of this type 
is obtained there is available in the molecule a suitably placed hydroxyl group for the 
formation, by intramolecular addition, of an internal carbamic ester (or cyclic urethane) 
[cf. (II) and (III); (VI) and (VII); etc.]. Pentamethyl gluconamide, which has no 
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H |on NH: OMe H OMe NH, 
H H 
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available hydroxyl group, does not yield a stable intermediate isocyanate. There are thus 
strong reasons for the belief that the isocyanate formed in the Weerman degradation is 
stabilised by conversion, when that change is possible, into the isomeric cyclic urethane, 
and the following facts confirm the view. 

The urethane (VII) from 2: 3 : 5 : 6-tetramethyl gluconamide when methylated with 
methyl iodide yielded a product (m. p. 99°) (VIII) containing one additional methyl group. 
This additional methyl group was attached to the nitrogen atom, for, on hydrolysis of the 
methylation product with alkali, methylamine was evolved. Consideration of the formule 
(VI) and (VII) clearly shows that the attachment of the methyl group to nitrogen can 
take place only if the urethane has the cyclic structure (VII). Furthermore, two methyl 
groups are introduced when the urethane (XIV) from 2:3: 6-trimethyl gluconamide 
(XII) is methylated, and one of these is attached to nitrogen. The product is, in fact, 
identical (mixed m. p. determination) with (VIII). Two cyclic structures (XIV and XV) 
are possible for the urethane from 2 : 3 : 6-trimethyl gluconamide and the formation of 
(VIII) from it by methylation proves that (XIV) is the true representation. Presumably, 
the six-membered urethane ring-structure is a more stable arrangement than the seven- 
membered ring present in (III). Nevertheless, the latter is sufficiently stable to resist 
rupture by methylating agents, for the methylation of (III) results in the attachment of 
methyl to the nitrogen only. The product is a syrup. 

It is to be observed that 3 : 5 : 6-trimethyl gluconamide (IX) has a hydroxyl group on 
C, available for ring formation. That no cyclic urethane is obtainable from it is to be 
ascribed to the modifying influence of the hydroxyl group at C, on the isocyanate residue 
(cf. X), an influence which has been commented upon earlier in this communication. 


EXPERIMENTAL. 


The standard sodium hypochlorite solution was prepared according to the directions of 
Weerman (loc. cit.) and contained 58-2 g. of NaOCl per litre. 

The methylated sugar acid amides used in these experiments included the following : 

2:3: 65: 6-Tetramethyl d-gluconamide (m. p. 91°) prepared by the action of methyl-alcoholic 
ammonia on tetramethyl y-gluconolactone (m. p. 26°). 

2:3:4:6-Tetramethyl d-gluconamide (m. p. 68°; [a]? + 52-0° in water) prepared by 
solution of tetramethyl 8-gluconolactone in liquid ammonia (cf. Glattfield and MacMillan, 
J. Amer. Chem. Soc., 1934, 56, 2481). 

2: 3: 6-Trimethyl d-gluconamide was obtained as a syrup by the solution of syrupy 2 : 3: 6- 
trimethyl gluconolactone in liquid ammonia. In the course of this preparation, 2: 3: 6- 
trimethyl $8-gluconolactone was obtained in crystalline form, m. p. 84° and [a]}® + 99-3°> 
+ 42-3° in water (c, 0-95; constant value attained in 24 hours). 

3:5: 6-Trimethyl d-gluconamide. 3:5: 6-Trimethyl glucofuranose (25 g.) (Anderson, 
Charlton, and Haworth, J., 1929, 1329) was oxidised by treatment with bromine water at room 
temperature. The product, isolated in the usual way, distilled at 135°/0-003 mm. and then 
crystallised completely (yield, 18-6 g.). 3:5: 6-Trimethyl -y-gluconolactone showed 
m. p. 44—45°, ni§* 1-4600 (superfused solid), and [«]?” + 51-8°, changing to a constant 
value, + 14-1°, in 860 hours (water, c, 1-06) (Found: C, 49-1; H, 7-5; OMe, 42-5. C,H,,0, 
requires C, 49-1; H, 7-3; OMe, 423%). The lactone (18 g.) was dissolved in liquid ammonia 
(300 c.c.) in a Dewar flask. After being kept for 6 hours, the solution was poured into a basin, 
and the ammonia allowed to evaporate. In this way 3 : 5 : 6-trimethyl gluconamide was obtained 
which, after recrystallisation from alcohol, had m. p. 144°, [a]? + 34-0° in water (c, 1-176); 
yield, 18 g. (Found: C, 45-7; H, 8-1; N, 6-0; OMe, 39-0. C,H,,0,N requires C, 45-6; H, 
8-0; N, 5-9; OMe, 39-2%). 

Peniamethyl d-gluconamide. Methyl pentamethyl gluconate (cf. Pryde, J., 1924, 125, 520) 
on treatment with methyl-alcoholic ammonia gave pentamethyl gluconamide, which crystallised 
after distillation at 140°/0-002 mm. Recrystallised from ether-light petroleum, the amide 
showed m. p. 66° and [a]}®° + 51-1° in water (c, 0-61) (Found: C, 49-9; H, 8-9; N, 5-4; OMe, 
58-2. C,,H,,0,N requires C, 49-8; H, 8-7; N, 5-3; OMe, 58-5%). 

2:3: 4-Trimethyl /-arabonamide [m. p. 96°; [a]}® + 25-2° in water (c, 1-814)] and 2: 3: 5- 
trimethyl J-arabonamide [m. p. 137—138°; [«]?” + 19-0° in methyl alcohol (c, 2-78)] were 
prepared as described by Humphreys, Pryde, and Waters (loc. cit.). 

The Action of Sodium Hypochlorite under Standard Conditions on Methylated Amides.—The 
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conditions employed were the same for all amides examined and need be described for one only. 
2:3: 5: 6-Tetramethyl gluconamide (2 g.) in water (10 c.c.) was mixed at 0° with the standard 
hypochlorite solution (10-2 c.c.) and kept at 0° for 2days. Thereafter the small excess of hypo- 
chlorite was removed by the addition of dilute sodium thiosulphate solution until acidified starch— 
iodide paper was no longer coloured. To the solution were then added sodium acetate (2 g.) 
and semicarbazide hydrochloride (0-7 g.); a slight evolution of carbon dioxide occurred. No 
hydrazodicarbonamide was formed even after 2 days. Moreover, free semicarbazide was still 
present, for the addition of benzaldehyde immediately gave a crystalline deposit of the semi- 
carbazone. 

No sodium isocyanate could therefore have been formed from 2:3: 5: 6-tetramethyl 
gluconamide. Similarly treated, the 2:3: 4: 6-tetramethyl, 2:3: 6-trimethyl, and penta- 
methyl gluconamides failed to give hydrazodicarbonamide, as did also the 2 : 3 : 4-trimethyl and 
2:3: 5-trimethyl arabonamides. On the other hand, the only «-hydroxy-amide examined, 
namely, 3: 5: 6-trimethyl gluconamide (0-4 g.), gave in a short time 0-11 g. of hydrazodi- 
carbonamide (m. p. 250°) (yield, 55% of the theoretical). 

Preparation of Cyclic Urethanes.—(a) From 2:3: 5: 6-tetramethyl gluconamide. The amide 
(5-2 g.), dissolved in water (26 c.c.) and cooled to 0°, was slowly mixed with an excess of standard 
hypochlorite solution (30 c.c.). After 15 minutes the solution was acidified with dilute hydro- 
chloric acid and warmed (35°). Some carbon dioxide and chlorine were evolved. The solution 
was neutralised with calcium carbonate, filtered, and evaporated ina vacuum. The dry residue 
was extracted with boiling alcohol and the extract after evaporation was again extracted with 
acetone. Evaporation of the acetone extract left the cyclic urethane, which crystallised from 
boiling ether in long white needles, m. p. 110°; [a]}** + 99-3° in water (c, 0-56). The yield of 
recrystallised material was 0-85 g. (Found: C, 48-5; H, 7:7; N, 5-7; OMe, 50-4. C,.H,,0O,N 
requires C, 48-2; H; 7-6; N, 5-6; OMe, 49-8%). 

(b) From 2:3: 4: 6-tetramethyl gluconamide. Following the procedure of Irvine and Pryde 
(loc. cit.), the amide (17-8 g.) was converted into the cyclic urethane, which formed rectangular 
prisms from acetone; m. p. 165—166°; [a]}®° + 167-8° in water (c, 1-49); yield, 10-2 g. (Found : 
C, 48-4; H, 7-6; N, 5-3; OMe, 49-2%). The urethane distilled without decomposition at bath 
temp. 170°/0-01 mm. 

(c) From 2:3: 6-trimethyl gluconamide. By the method described under (a), the syrupy 
trimethyl gluconamide (5 g.) was converted into the cyclic urethane (1-74 g.), which, after 
recrystallisation from acetone, had m. p. 157° and [a]}” + 103° in water (c, 0-66) (Found: C, 
46-5; H, 7:0; N, 5-6; OMe, 39-4. C,H,,O,N requires C, 45-9; H, 7-2; N, 6-0; OMe, 39-6%). 

(d) From 2:3: 4-trimethyl l-arvabonamide. The cyclic urethane prepared by the method of 
Humphreys, Pryde, and Waters (loc. cit.) had m. p. 141—142° and [a]}® + 40-8° in water 
(c, 1-05). 

(e) From 2: 3: 5-trimethyl l-arabonamide. The cyclic urethane obtained (m. p. 75°) corre- 
sponded to the product prepared by Humphreys, Pryde, and Waters (loc. cit.). 

Action of Hypochlorite Solution on Pentamethyl Gluconamide.—The material (1-0 g.) was 
treated at 0° in aqueous solution (12 c.c.) with the standard hypochlorite solution (4-9 c.c.). 
After 48 hours, the solution was acidified with hydrochloric acid, neutralised with barium 
carbonate, and evaporated to dryness. The residue, a syrup (0-7 g.), was completely soluble 
in ether. After distillation at bath temp. 85°/0-01 mm. it had n}”" 1-4340 and [a]?7* + 16-6° 
in water (c, 2-89; no mutarotation). The substance is tetramethyl aldehydo-d-avabinose. It 
reduces Fehling’s solution in the cold, decolourises cold permanganate solution, and instantly 
restores the colour to Schiff’s reagent (Found: OMe, 59-6. C,H,,O, requires OMe, 60-1%). 
The conditions of treatment of the amide with the hypochlorite solution were varied in 
subsequent experiments, but in no case was any intermediate isocyanate or urethane detected. 
Furthermore, no substituted carbamic ester could be isolated when the reaction was conducted 
in either methyl- or ethyl-alcoholic solution, the sole product being again tetramethyl aldehydo- 
arabinose (cf. Ault, Haworth, and Hirst, loc. cit.). 

Action of Hypochlorite Solution on 3: 5: 6-Trimethyl Gluconamide.—The a-hydroxy-amide 
(1-6 g.) was treated in aqueous solution (28 c.c.) with standard hypochlorite solution (8-5 c.c.) 
at 0°. After 2 hours, the solution was diluted with water to 40 c.c., acidified with hydrochloric 
acid, and then immediately neutralised with barium carbonate and evaporated to dryness. 
Hot chloroform extraction of the residue yielded 2 : 4 : 5-trimethyl d-arabinose as a thin syrup 
showing 7" 1-4609 and [a]}” + 18-4° in water (c, 3-53) (Found: OMe, 47-4. C,H,,O,; requires 
OMe, 48:0%). The product (1-15 g.) behaved as an aldehydo-sugar in that it reduced Fehling’s 
solution in the cold, decolourised permanganate solution, and immediately restored the colour 
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to Schiff’s reagent. The trimethyl sugar distilled without decomposition at bath temp. 125— 
130° /0-02 mm. 

The trimethyl arabinose (0-56 g.) was boiled with 2% methyl-alcoholic hydrogen chloride 
(30 c.c.) for 12 hours. The product, isolated in the usual way, was a syrup (0-49 g.) distilling 
at bath temp. 100°/0-002 mm. and showing mp 1-4434. It reduced Fehling’s solution on boiling 
and decolourised permanganate in the cold (Found: OMe, 58-1. Trimethyl pentose requires 
OMe, 48-0; trimethyl methylpentoside, OMe, 60-1%). 

Action of Alkali on the Cyclic Urethanes.—(a) On the cyclic urethane from 2:3: 4: 6-tetra- 
methyl gluconamide. A solution of the urethane (2-0 g.) in 1% sodium hydroxide solution 
(200 c.c.) was kept at room temperature until no further change in rotation occurred (23 hours; 
[a]? + 157°-> + 25°). The solution was then neutralised by the addition of a slight excess 
of hydrochloric acid, followed by barium carbonate. The residue left on evaporation was 
extracted with ether, which dissolved the trimethyl pentose. This (1-35 g.) was a colourless oil 
which reduced Fehling’s solution and showed n}” 1-4490 and [a]}*° + 40-0° in methyl alcohol 
(c, 2-9) (Found: OMe, 46-8%). Subsequent reactions showed this substance to be 2:3: 5- 
trimethyl d-arabofuranose. (The/-isomeride has [a], — 39-5° in water. See Baker and Haworth, 
J., 1925, 127, 365.) The sugar was converted by boiling with 2% methyl-alcoholic hydrogen 
chloride into trimethyl methyl-d-avabofuranoside, a non-reducing syrup which distilled at bath 
temp. 135°/15 mm. and showed n}%* 1-4350 and [a]}*” + 80-4° in water (c, 1-12) (Found: OMe, 
59-6. C,H,,0, requires OMe, 60-1%). The furanose structure was confirmed by its oxidation 
to the lactone and by the ease of hydrolysis of the methylpentoside, the hydrolysis being 
completed in 5 hours with 0-1n-hydrochloric acid at 100°. 

Oxidation of the trimethyl arabinose with bromine gave trimethyl] d-arabono-y-lactone, m. p. 
33° and [a]p + 45-1° (in water), changing to + 25-3° in 480 hours (cf. Avery, Haworth, and 
Hirst, Joc. cit.). By treatment of the lactone with methyl-alcoholic ammonia, 2: 3: 5-iri- 
methyl d-avabonamide (m. p. 137-5°; [a]}8° — 14-6° in water, c, 0-89) was prepared (Found : 
C, 46-1; H, 7-0; OMe, 44-5. C,H,,0,N requires C, 46-4; H, 6-8; OMe, 44-9%). 

(b) On the cyclic urethane from 2:3: 5: 6-tetramethyl gluconamide. The urethane, when 
treated with 1% sodium hydroxide solution in the cold, gave 2: 4: 5-trimethyl d-arabinose, 
ni** 1-4641 (Found: OMe, 46-8%). The product restored the colour to Schiff’s reagent. 

Methylation of the Cyclic Urethane from 2:3: 6-Trimethyl Gluconamide.—The urethane 
(0-38 g.), dissolved in dry methanol (1 c.c.), was heated at 45° for 12 hours with methy) iodide 
(15 c.c.) and silver oxide (10 g.). After filtration, the solution was again boiled with methyl 
iodide and silver oxide for 12 hours. Concentration of the filtered solution yielded a crystalline 
compound (0-15 g.), m. p. 99°, [a]#7" + 65-8° in water (c, 1-35). To this compound, the formula 
(VIII) is assigned (Found: C, 50-0; H, 7-6; N, 5-3; OMe, 46-6. C,,H,,0O,N requires C, 50-2; 
H, 7-9; N, 5:3; OMe, 47-1%). The presence of N-methyl in the compound was shown in the 
following manner. The substance was distilled with 5% sodium hydroxide solution and to the 
distillate was added Nessler’s reagent. A bright yellow precipitate indicated the presence of 
methylamine. Ammonia gives a brick-red precipitate under these conditions and such a 
precipitate was obtained when the urethanes from 2:3:4:6- and 2:3: 5: 6-tetramethyl 
gluconamide were similarly treated. 

The urethane from 2:3: 5: 6-tetramethyl gluconamide (0-22 g.) was methylated by the 
procedure described and yielded a compound (0-18 g.), m. p. 99° (alone or in admixture with the 
methylated urethane obtained from 2:3: 6-trimethyl gluconamide). The product of 
methylation of the urethane from 2: 3 : 4: 6-tetramethyl gluconamide was not crystalline. It 
had [a]p + 38-1° in water (c, 0-78) and yielded methylamine on boiling with alkali solution. 


Tue A. E. Hitts LaBoRATORIEs, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, October 26th, 1938.] 





372. The Seed and Fruit-coat Fats of Celastrus Paniculatus. 


By B. G. GunpE and T. P. Hipitca. 


Both of these fats are peculiar in containing appreciable proportions of formic, 
acetic and benzoic acids in addition to the usual higher fatty acids (palmitic, stearic, 
oleic, linoleic, linolenic). Quantitative determinations have been made of the 
component acids present in each fat, and the seed fat has been separated into two 
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portions, one mainly glyceridic, and the other (which contained the greater part of the 
acids of low molecular weight) consisting of a mixture of glycerides and esters of a 
tetrahydroxylic water-soluble alcohol (approximate composition C,,;H,,O;), the nature 
of which was not definitely ascertained. It is shown that the formic, acetic, and benzoic 
acids are not part of the glycerides, but are esters of the tetrahydroxylic compound 
which are soluble in the fat and therefore accompany it during its extraction. 


Celastrus paniculatus (natural family Celastracee) is a large deciduous shrub of the outer 
Himalayas, East Bengal, Bihar, and South India. The oil from the seeds is used medicinally 
in rheumatic diseases. From previous reports, it appears that Celastracee seed oils contain 
appreciable amounts of lower acids (acetic and formic). Barkenbus and Krewson (J. 
Amer. Chem. Soc., 1932, 54, 3993) reported 15-7% of water-soluble acids (formic, acetic, and 
traces of hexoic) in the seed fat of the American species C. scandens, for which they give 
the following total composition : glycerides of palmitic 8-4%, stearic 1-9%, linoleic 38-5%, 
linolenic 21-0%, and soluble acids (as acetic) 15-7%, with 3-0% of unsaponifiable matter. 
Kumaraswamy and Manjunath (J. Indian Chem. Soc., 1936, 18, 353) observed the presence 
of acetic and benzoic (but not formic) acids in addition to palmitic, stearic, lignoceric, 
cerotic, oleic, linoleic, and linolenic acids, in the seed oil of C. paniculatus. Godbole and 
Gunde (Fette u. Seifen, 1936, 43, 249) found 15°3% of water-soluble acids in the same oil, 
but did not give details of their nature. 

In the present communication we give a quantitative statement of the component 
acids in both the seed and the fruit-coat fats of C. paniculatus. The seeds, obtained from 
the United Provinces, India, were freed carefully from the thin fruit coat and pressed in 
a hand press. The fat thus obtained was liquid at room temperature and was greenish- 
brown. It had the following characteristics: saponification equivalent 217-3, acid value 
22-9, iodine value 103-9, unsaponifiable matter 3-1% (iodine value 214-5). The husk or 
fruit coat of the seeds when extracted with benzene gave a dark-coloured semi-solid fat, 
with saponification equivalent 244-1, acid value 70-1, iodine value 95-0, and unsaponifiable 
matter 6-6% (iodine value 206-8). Both fats were submitted to detailed analysis as 
described below. 


Component Acids of Celastrus paniculatus Seed Fat.—The seed fat (300 g.) was hydrolysed 
and the liberated mixed acids were distilled in steam until no more acid appeared in the distillate 
(the examination of which is described later). The non-steam-volatile mixed fatty acids (251 
g., Sap. equiv. 255-6, iod. val. 121-6) were separated into “ solid” acids (22-6%) and “liquid ”’ 
acids (77-4%) by means of the differing solubility of their lead salts in alcohol. Each group of 
acids was then converted into the corresponding methyl esters, which were fractionally distilled 
at 0-1 mm. pressure from a Willstatter bulb. The fractionation data are as follows : 


Fraction No. Wt.,g. . Sap. equiv. Iod. val. Fraction No. Wt.,g. Sap. equiv. Iod. val. 
(i) Methyl esters of ‘‘ solid” acids. 


$l 4-49 270-7 1-0 $5 4-83 274-6 1-4 
$2 5-52 271°3 1-1 S6 5-02 276-6 1-9 
$3 5-02 273-1 1:0 S7 5-67 281-2 3°5 
S4 5-59 273-9 1-1 - $8 6-01 340-9 62-4 
42-15 
(ii) Methyl esters of “‘ liquid” acids. 
Primary fractionation. 
Ll 0-39 135-6 — L6 7-93 292-8 169-3 
L2 23-83 288-9 148-9 L7 7-18 296-9 164-4 
L3 14-65 288-2 160-8 L8 5-13 292-9 163-9 
L4 6-79 292-8 165-1 L9 8-90 396-4 126-9 
L5 6-21 292-8 168-5 —- 
81-01 
(iii) Refractionation of the primary fraction L2. 
L21 2-43 250-4 90-5 L24 4-71 293-9 162-4 
L22 4-73 287-4 120-8 L25 4-31 295-0 168-9 


L23 4-93 290-1 146-7 —— 
21-11 
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Another portion of the esters of the “ liquid ’’ acids was also distilled in order to obtain both 
iodine and thiocyanogen values for the mixture of unsaturated C,, esters : 


Methyl esters of “ liquid’ acids (second analysis). 


Fraction Sap. SCN Fraction Sap. 
No. Wt.,g. equiv. Iod. val. val. No. Wt., g. equiv. Iod. val. 
2L1 0-85 — — — 2L4 9-80 296-4 169-5 
2L2 32-13 289-7 148-9 93-6 2L5 9-50 358-2 207-2 


2L3 10-34 295-8 168-9 102-1 — 
62-62 


Qualitative examination of individual ester fractions. The acids present in certain of the ester 
fractions were characterised as follows : 

Fraction L1. The acids, dissolved in hot water, separated on cooling as white glistening 
crystals (m. p. 121°, unaltered when mixed with pure benzoic acid). 

Fractions L6 and L7. The acids from these fractions (5-35 g.) were united, dissolved in 
ether, and treated with bromine; 1-77 g. of acids (m. p. 174:5°; Br, 62-3%) insoluble in 
ether then separated (C,,H,,O,Br, requires Br, 63-3%). When the bromo-adducts soluble in 
ether were recovered and crystallised from light petroleum, only 0-12 g. of crystalline products 
(m. p. 105—106°) separated ; the small amount present of the form of linoleic acid which yields 
a tetrabromostearic acid of m. p. 114° is very unusual, and it appears as though the 
octadecadienoic acid, present in’ quantity in this seed fat, differs from the form usually 
encountered in seed fats. The bromo-adducts which remained in solution in light petroleum 
obviously consisted largely, from their bromine content (48-4%), of tetrabromostearic acids 
(C,,H;,0,Br, requires Br, 53-3%). 

The residual fraction L9. This contained acids which, when freed from unsaponifiable 
matter, had sap. equiv. 262-9, iod. val. 113-4. 

The residual fraction S8. This contained acids of mean molecular weight 282-1 (after as 
complete removal as possible of the somewhat difficultly soluble unsaponifiable matter). No 
evidence was obtained for the presence of the lignoceric or cerotic acids reported by 
- Kumaraswamy and Manjunath (loc. cit.). 

Examination of the acids volatile in steam. The aqueous distillate was thoroughly extracted 
with ether, and the ethereal solution dried over anhydrous sodium sulphate for about a week. 

(i) Ether-soluble acids. The residue, obtained after removal of the ether, was distilled at 
atmospheric pressure; only a small amount passed over : 


Distillation of ether-soluble, steam-volatile acids. 


Fraction No. Wt., g. B. p./760 mm. Sap. equiv. 
El 0-21 60—96° 86-5 
E2 0-67 96—100—80 92-9 
E3 4-54 Residue 136-7 


Fractions El and E2 were soluble in cold water, and consisted of formic and acetic acids 
with a little water. 

The residue E3 was soluble only in hot water ; the solution, on cooling, deposited a crystalline 
solid (equiv. 122-0) which melted at 121° (unchanged on admixture with benzoic acid). 

(ii) Water-soluble acids. The aqueous distillate, after extraction with ether, amounted to 
7865 c.c. A portion was neutralised with potash and concentrated and, from its reduction of 
solutions of potassium permanganate and of mercuric chloride, evidently contained formic acid. 
(Steam-distillation of the neutralised aqueous distillate gave a further distillate which possessed 
no reducing properties, showing that aldehydes or other non-acidic reducing compounds 
were not present.) The presence of acetic, as well as formic, acid was proved by the formation 
of ethyl acetate on heating the evaporated neutral salts with ethyl alcohol in presence of sulphuric 
acid. ' 

The total acidity, and the amount of n/10-potassium permanganate required for oxidation, 
of separate aliquot portions of the original ether-extracted distillate were then determined, 
and the results calculated in terms of a mixture of formic and acetic acids. In this way it was 
found that the aqueous distillate (7865 c.c.) contained 15-6 g. of formic and 5-0 g. of acetic acid. 


From the preceding quantitative data, coupled with the qualitative examination of 
the various acids, it is calculated that the component acids of the seed fat had the following 


composition : 
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Steam-volatile Non-steam-volatile 








acids. acids. 
ous A . * A a Total acids. Fatty acids. 
Ether- Water- “Solid” “Liquid” pi A ~— = Piccomnlag 
soluble, soluble, acids, acids, % % % % 
Acid. 195%.  7:-45%. 205%. 70-:1%. Total. (wt.). (mol.).  (wt.). (mol.). 
DS | a oedcusesrseis 0-13 5-65 — - 5-78 6-0 25-7 — as 
ROR: ssi tes sissies 0-04 1-80 -— — 1-84 1-8 6-2 oo -- 
TRIES naccsscccccnses 1-46 _- — 0-50 1-96 2-0 3-3 — — 
EEE. esnckaccunes —_— — 15-75 3-68 19-43 20-1 15-5 22-3 23-8 
SIME > Saidtcncnsedect ~- -- 3-79 — 3-79 3-9 2-7 4:3 4-2 
CIR diitien sbi ed5icua — — 0-42 14-45 14-87 15-3 10-7 17-0 16-6 
DINE vp ck ccancesees == —- — 37-65 37:65 38:8 27:3 43-0 42-2 
A —- _ - 11-73 11-73 12-1 8-6 13-4 13-2 
Unsaponifiable, etc. 0-32 —_ 0-54 2-09 2-95 _ — —_ —_ 


Non-glyceridic Components of C. paniculatus Seed Fat.—The occurrence of formic, acetic, 
and benzoic acids in combination in a fatty oil is very unusual. Moreover, the proportion 
by weight (9°8%) of these three acids in the total acids is extremely large in comparison 
with the observed amount (3%) of “‘ unsaponifiable matter ’’ (7.e., non-acidic components 
soluble in ether but insoluble in water). In order to ascertain whether the low molecular 
weight acids were present as glycerides or as esters of some other alcohol, the seed oil was 
submitted to diphasic separation between light petroleum and aqueous (80%) methyl 
alcohol. 


The seed oil (300 g.), dissolved in light petroleum (1200 c.c., b. p. 40—60°), was washed twenty 
times with 200 c.c. portions of 80% methyl alcohol, which removed 83 g. of material (M1), 
leaving 217 g. in the light petroleum solution (Pl). The extract M1 (83 g.) was again dissolved 
in light petroleum (1660 c.c.) and washed five times with 350 c.c. portions of 80% methyl alcohol, 
which removed 56-4 g. (M2), and left 26-6 g. (P2) in the light petroleum. The general 


characteristics of these fractions of the seed oil were as follows : 
Acids (ether-soluble) 
freed from unsaponi- 
fiable matter. 





Sap. Unsap. — ‘ 
G. equiv. TIod.val. (%). Equiv. _Iod. val. 
COD. sa cvranccncsmnenrincensensacuanceben 300 217-3 103-9 3-1 260-0 120-2 
P1 (soluble in light petroleum) ............ 217 230-8 120-1 3-5 270-8 131-6 
Le OF " s ee 26-6 248-5 106-5 2-4 268-5 115-3 
M1 (first fraction from methyl alcohol) 83 182-8 63-9 3-3 218-0 96-5 
M2 (final fraction from methyl alcohol) 56-4 164-4 41-9 1-8 (see below) 


Although only a partial separation was achieved by this means, the figures show that the 
acids of low molecular weight are present in the form of compounds relatively soluble in methyl 
alcohol, and it is therefore unlikely that the latter were glycerides. This was confirmed by a 
semi-quantitative examination of the acids present in the methyl alcohol-soluble portion (M2) : 


Volatile in steam, water-soluble, ether-insoluble{ Sooner an Be 
" a - »  ether-sohible (equiv. 128-3, mainly benzoic) ............... 8-3 g. 
Non-steam volatile (equiv. 232°5* ; iod. val. 99-2) ........ccceccccccccccccccccsccscccsccccccccees 23-2 g. 


* After boiling with water, the equivalent of the insoluble (fatty) acids was 265-6. 


Formic, acetic, and benzoic acids thus formed together about 40% of the total acids in the 
fraction M2, as compared with 10% in the whole seed oil. The total weight of acids (39-9 g.) 
obtained is equivalent to about 45 g. of glycerides, so that (with about 1 g. of ‘‘ unsaponifiable 
matter ’’ also present) there would remain about 10 g. of the fraction M2 unaccounted for, on 
the assumption that glycerides were the only esters present. 

The aqueous liquors from the hydrolysis and separation of the non-steam-volatile acids were 
therefore neutralised and evaporated to dryness, and the powdered residue thoroughly extracted 
with acetone in a Soxhlet apparatus. On removal of the acetone there were left nearly 20 g. of 
a dark syrup which, when acetylated, was only partly soluble in water. An ethereal solution 
of the acetylated product was washed repeatedly with water in order to remove triacetin as far 
as possible, and the substance left in solution in the ether was recovered and distilled under 
1 mm.; the bulk then distilled at 180—185° and formed, on cooling, a transparent, pale yellow, 
resinous solid [sap. equiv. 110-3; C, 60-3; H, 7-4%; M (Rast), 441]. The nature of this 
compound has not been further determined, but it evidently contains four hydroxylic groups 
6M 
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in the molecule and is non-benzenoid in character (the tetra-acetates of, for example, substances 
of the formula C,,H,,O,; or C,,;H,,O, would require, respectively : C, 60-0, 60-8; H, 7-3, 7-5%; 
M, 440, 454; equiv., 110-0, 113-5). 


On the assumption that, in the fraction M2 (sap. equiv. 164-4), the higher fatty acids are 
wholly in combination as glycerides, the mean equivalent of the non-glyceridic portion 
would be about 130. This is consistent with the view that the lower acids (formic, acetic, 
benzoic) present are in the form of acyl derivatives of the tetrahydroxylic compound which 
has just been described. We consider that the evidence we have obtained is sufficient to 
justify the conclusion that these lower molecular weight acids do not form an essential 
part of the seed fat of Celastrus species, but are present as esters of a tetrahydroxylic 
compound which are soluble in the fat and therefore accompany it during its extraction. 
It may be, of course, that the specific medicinal properties attributed to. these fats are 
connected with the presence of these substances. 

Component Acids of Celastrus paniculatus Fruit-coat Fat.—The acids liberated from 
the hydrolysed fat (81-5 g.) were steam-distilled till the distillate was free from acid. After 
removal of unsaponifiable matter (5-39 g.) the non-steam-volatile acids (60-5 g., equiv. 
269-6, iod. val. 108-3) were separated into “ solid’ (28-9%) and “‘ liquid” (71-1%) acids. 
The fractional distillation of the methyl esters of the “ solid’ and of the “ liquid ’’ acids, 
and the examination of the acids volatile in steam, followed the same course as in the 
corresponding portions of the seed-fat acids (cf. p. 1981), except that the esters of the 
“ liquid ”’ acids were distilled through an electrically-heated and packed column. 


The ester fractionation data were as follows : 
(i) Methyl esters of “ solid’ acids (distilled from Willstdtter bulb). 

Fraction B, p./01 Sap. Tod. Fraction B. p./0-1 Sap. Tod. 
No. Wt., g. mm. equiv. val. No. Wt., g. mm. equiv. val. 
Sl 2-48 110—125° 269-9 0-7 ’ $4 3-00 126°—falling 275-3 1-6 
$2 2-87 125—126 271-4 0-8 $5 3°77 Residue 281-8 10-6 
$3 3°81 125—126 273-0 1-2 —- 

15-93 


(ii) Methyl esters of “ liquid” acids (distilled through electrically-heated and packed column). 
Frac- Frac- 
tion » B.p./01 Sap. Iod. SCN tion Wt., B.p./01 Sap. Iod. SCN 
No. > mm. equiv. val. val. No. g. mm. equiv. val. val. 
Ll . 26—90° 196-3 — — L5 6-84 132—134° 293-1 159-2 111-1 
L2 . 90—118 257-8 38-2 oo L6 7-76 132—134 293-6 1589 111-4 
L3 . 118—132 285:2 119-2 —- L7 5-12 134—falling 294-4 160-6 109-9 
L4 . 132 292-5 146-4 109-1 L8 4:24 Residue 288-4 122-5 — 


35-26 


Examination of acids volatile in steam. Ether extraction of the aqueous distillate (6510 c.c.) 
yielded 2-52 g. of acids (equiv. 166-6, iod. val. 36-9) which contained some unsaponifiable matter 
and also benzoic and a small quantity of oleic acid. The ether-extracted aqueous distillates 
contained formic (1-6 g.) and acetic (2-7 g.) acids. 

The quantitative composition of the mixed acids present in the fruit-coat fat is calculated 
from the above data to be approximately as follows : 


Steam-volatile Non-steam-volatile 
acids. acids. 

- a .) A ~ Total acids. Fatty acids.. 
Ether- Water- “Solid” “ Liquid” - - ¢ . ~ 
soluble, soluble, acids, acids, % % % 

- 37%. 6-4%. 260%.  63-9%. - (wt.). -).  (wt.). (mol.). 
— 2-38 
— 4-02 
2-36 
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The fruit-coat oil resembles that from the seeds in containing nearly 10% (wt.) of 
combined formic, acetic, and benzoic-acids; examination of the non-acidic, water-soluble 
products of hydrolysis disclosed the presence, in addition to glycerol, of a syrupy compound 
with the same properties as that isolated from the products of hydrolysis. of the seed fat. 
The higher fatty acids in the glyceridic portion of the fruit-coat fat are very similar to 
those of the seed fat, except that, of the unsaturated C,, acids, oleic is most abundant in 
the fruit-coat fat, and linoleic in the seed fat. 


THE UNIVERSITY, LIVERPOOL. [Received, October 28th, 1938.] 
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The Synthesis of dl-, d-, and 1-Hinokinin. 


By Rospert D. HAwortH and Davip Woopcock. 


Measurements of the rates of hydrolysis and lactonisation of «f-di-(3 : 4-methylene- 
dioxybenzyl)butyrolactone (I; RR = CH,O,) (Keimatsu, Ishiguro, and Nakamura, 
J. Pharm. Soc. Japan, 1935, 55, 185) and the corresponding hydroxy-acid respectively 
confirm the structure assigned to the compound. 

«f-Di-(3 : 4-methylenedioxybenzyl)succinic acid occurs in two forms, m. p. 240° and 
201° (decomp.). Contrary to the views of Keimatsu, Ishiguro, and Nakamura (loc. cit.) 
the higher-melting form is the meso-modification and the lower-melting isomer has 
been resolved by means of strychnine. The d- and the l-acid yield active anhydrides, 
which, on reduction with amalgamated aluminium in moist ether—benzene solution, 
yield d- and /-«§-di-(3 : 4-methylenedioxybenzyl)butyrolactone respectively. ‘The 
l-form of the lactone (I; RR = CH,O,) is identical with natural /-hinokinin, and the 
synthesis strengthens the opinion that the natural products of this type possess the 
trans-configuration. 





In Part V (J., 1936, 725) compounds considered to be «f-di-(3 : 4-methylenedioxybenzy))- 
(I; RR = CH,O,) and «§-di-(3 : 4-dimethoxybenzyl)-butyrolactones (I; R = OMe) were 
synthesised by the condensation of appropriate allylbenzene oxides and benzylcyano- 
acetates. Later (this vol., p. 797), lead tetra-acetate dehydrogenation experiments and 
measurements of the rates of lactonisation led to the conclusion that these structures were 
erroneous and that the substances were derivatives of «y-dibenzylbutyrolactone (II). 
While the experiments described in Part V were in progress, Keimatsu, Ishiguro, and 
Nakamura (J. Pharm. Soc. Japan, 1935, 55, 185) prepared a®-di-(3 : 4-methylenedioxy- 
rir pana by reducing the anhydride of «§-di-(3: een 


CH,-CH-CH, 
coo CHy,o “i c \CH-Co,H 
CH-CO eae CO,H 
ft, co-cH-c 
ra (III.) 
) 


R 
CH, 


succinic acid (III) (Stobbe and co-workers, Annalen, 1911, 380, 78) with amalgamated 
aluminium in moist ethereal solution, and the recorded melting point of the lactone 
coincided with that of wy-di-(3 : 4-methylenedioxybenzyl)butyrolactone (II; RR = CH,O,) 
obtained from safrole oxide and methyl 3 : 4-methylenedioxybenzylcyanoacetate. 

The work of the Japanese chemists has now been repeated and mixed melting point 
observations have shown that their lactone was not identical with wy-di-(3 : 4~-methylene- 
dioxybenzyl)butyrolactone. As the rate of hydrolysis of their lactone and the rate of 
lactonisation of the corresponding hydroxy-acid were indistinguishable from those of 
natural /-hinokinin (I; RR = CH,O,) and the derived hydroxy-acid respectively, the 
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claim of these chemists to have effected the synthesis of «f-di-(3 : 4-methylenedioxy- 
benzyl)butyrolactone (d/-hinokinin or the diastereoisomeride, d/-tsohinokinin) (I; RR = 
CH,0,) is substantiated. 

Keimatsu, Ishiguro, and Nakamura (loc. cit.) described two forms of «@-di-(3 : 4- 
methylenedioxybenzyl)succinic acid (III) melting at 236—238° and 191—193°. These 
yielded the same anhydride, m. p. 160—161°, which was converted into the lower-melting 
acid on hydration. We find that the melting point of the lower-melting acid is 201° 
(decomp.), but otherwise the previous results have been confirmed. Keimatsu, Ishiguro, 
and Nakamura (loc. cit.) regard the higher-melting acid as the racemate, and the lower- 
melting acid and the anhydride as the meso-forms, but we are unable to accept these 
stereochemical conclusions. It has been shown (this vol., p. 798) that d-isomatairesinol 
dimethyl ether, the diastereoisomeride of /-matairesinol dimethyl ether (I; R = OMe), 
is extremely sensitive to alkaline reagents, and the observed stability of the synthetic 
a-di-(3 : 4-methylenedioxybenzyl)butyrolactone (I; RR = CH,O,) towards alkali suggests 
that the synthetic lactone is d/-hinokinin and not dl-isohinokinin. This conclusion is 
confirmed by comparison of the rates of hydrolysis and lactonisation of the lactones and 
derived hydroxy-acids respectively. Furthermore, if the anhydride of (III) has the meso 
(cis)-configuration as suggested by the Japanese chemists, and if the absence of optical 
inversion during reduction with amalgamated aluminium is assumed, the synthetic lactone 
will possess the cis-configuration. This conclusion is the reverse of the opinion expressed 
on several occasions (Ann. Reports, 1937, 33, 277, footnote; J., 1937, 387; this vol., p. 799) 
that /-matairesinol and /-hinokinin possess the érvans-configuration. As far as can be 
ascertained from the publication of Keimatsu, Ishiguro, and Nakamura (loc. cit.), the 
configurations assigned to the two forms of «$-di-(3 : 4-methylenedioxybenzyl)succinic acid 
(III) are based entirely upon the untrustworthy rule that the racemate possesses the higher 
melting point. There are numerous exceptions to this rule and in the closely analogous 
case of a$-dibenzylsuccinic acid, Cordier (Compt. rend., 1931, 192, 361) has proved by 
resolution that the lower melting isomer is the racemate. Rigid determination of structure 
in these cases therefore demands resolution methods and their application has led to the 
disproof of the stereochemical views of Keimatsu, Ishiguro, and Nakamura (loc. cit.). The 
higher-melting form of «§-di-(3 : 4-methylenedioxybenzyl)succinic acid (III) proved to be 
the meso-form, but the isomer, m. p. 201° (decomp.), has been resolved into optical antipodes 
and consequently represents the racemic modification. The resolution was easily effected 
by means of strychnine and d- and 1-«f-d1-(3 : 4-methylenedioxybenzyl)succinic acids, m. p. 
175°, [ai 12-1° and — 12-4° respectively, were obtained from the strychnine salts. 
Crystallisation of an equimolecular mixture of the d- and the /-modification yielded the 
racemate, m. p. 201° (decomp.). 

When d- and /-«$-di-(3 : 4-methylenedioxybenzyl)succinic acid (III) were boiled with 
acetic anhydride, they were converted into levo- and dextro-rotatory anhydrides, m. p. 
144°, respectively, and crystallisation of equimolecular quantities of these d(—)- and 
1(+-)-anhydrides yielded the racemate, m. p. 160—161°. This inversion in sign of optical 
rotatory power is in no way remarkable; the active forms of hexahydrophthalic and 
camphoric acids show a similar inversion on anhydride formation. When, however, active 
anhydrides are reduced to butyrolactone derivatives by means of amalgamated aluminium 
in moist ether—benzene solution, a further inversion of optical rotatory power is observed. 
The d(—)- and the /(+)-anhydride gave d- and 1-a8-di-(3 : 4-methylenedioxybenzyl)butyro- 
lactone (I; RR = CH,O,), m. p. 65—66°, [a]>” + 33-8° and — 34-0° respectively, and 
crystallisation of equimolecular quantities of the optical antipodes yielded the racemate, 
m. p. 108°. The identity of the /-lactone with /-hinokinin (/-cubebinolide *) was established 
by direct comparison of the lactones and their dibromo- and dinitro-substitution products, 


* It has been shown by Mameli (Gazzetta, 1935, 65, 886) that cubebinolide has [a]}@ —33-7° and 
not + 33-7° as previously reported (ibid., 1912, 42, 551). Consequently cubebinolide and hinokinin 
are identical (see Yoshiki and Ishiguro, Joc. cit.; Keimatsu and Ishiguro, J. Pharm. Soc. Japan, 1935, 
55, 45; Mameli, Gazzetta, 1935, 65 886; Briggs, J. Amer. Chem. Soc., 1935, 57, 1383) and not optical 
antipodes as stated in previous parts of this series (J., 1936, 727; 1937, 387; Ann. Reports, 1936, 33, 


273). 
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and confirmed by measurements of the rates of hydrolysis of the lactones and the rates of 
lactonisation of the corresponding -hydroxy-acids. Recently Erdtman (Svensk Kem. 
Tidskr., 1938, 50, 163) has encountered dimorphism in the case of dinitroepipinoresinol 
dimethyl ether, and a similar phenomenon has been observed with dinitrohinokinin. 
Yoshiki and Ishiguro (J. Pharm. Soc. Japan, 1933, 58, 11) and Mameli (Gazzetta, 1921, 51, 
353) describe /-dinitrohinokinin as pale yellow prisms, m. p. 184°. For a considerable 
period we were unable to reproduce this result; instead, both natural and synthetic 
/-hinokinin yielded the same dinitro-derivative, m. p. 163—164°. Eventually a dinitration 
of the synthetic lactone, carried out under apparently standard conditions, yielded the 
dinitro-derivative, m. p. 184—185°, which was also obtained later from natural /-hinokinin. 
The two forms are dimorphous and either could be obtained by inoculating solutions with 
the appropriate crystal. 

The above synthesis of /-hinokinin strengthens the opinion, previously expressed, that 
the natural lactone possesses the évans-configuration, and a synthesis of /-matairesinol 
dimethyl ether along similar lines is in progress. 


EXPERIMENTAL. 


aB-Di-(3 : 4-methylenedioxybenzylidene)succinic acid was prepared by the following 

modification of Stobbe’s method (loc. cit.). A solution of piperonal (5 g.) and ethyl succinate 
(3 g.) in ether (30 c.c.) was added to a suspension of sodium ethoxide (from sodium, 0-8 g.) in 
ether (30 c.c.); a buff-coloured precipitate rapidly separated. The mixture was kept for 7 
days in the ice-chest, water then added, the aqueous layer removed and acidified, and the acid 
collected. It crystallised from acetic acid in pale yellow prisms (3 g.), m. p. 207—208°, which 
contained solvent of crystallisation (Found: C, 57-2; H, 46; equiv., 123. Calc. for 
Cy9H ,4O,,2CH,°CO,H : C, 57-4; H, 44%; equiv., 125), or from acetone—benzene in pale yellow 
prisms, m. p. 228° (Found: C, 62-7; H, 3-7. Calc. for Cy,H,,0,: C, 62-8; H, 36%). The 
anhydride, obtained in 90% yield by refluxing the acid with acetic anhydride (5 parts) for 1 
hour, crystallised from benzene in orange plates, m. p. 212—213° (Found: C, 65-7; H, 3-4. 
Calc. for Cy.H,,0,: C, 65-9; H, 3-3%). Stobbe (Joc. cit.) gives 210° as the m. p. of both the 
acid and its anhydride. 

meso-«8-Di-(3 : 4-methylenedioxybenzyl)succinic Acid (III).—The preceding acid (8 g.) was 
dissolved in 1% sodium hydroxide solution (500 c.c.) and reduced by the gradual addition of 
4% sodium amalgam (2400 g.) at 80—90°, carbon dioxide being passed through the solution. 
After 12 hours the liquid was filtered and acidified, and the crude acid (7 g.) collected. 
Crystallisation from acetic acid yielded the meso-form of the acid (III) (4 g.) in colourless prisms, 
m. p. 240—241° (Found : C, 62-0; H, 4-8. Calc. for C.5H,,0,: C, 62-2; H,4:7%). Attempts 
to resolve the acid by means of strychnine, brucine, or cinchonine were unsuccessful. A small 
amount of the dl-form of the acid (III) was obtained from the acetic acid mother-liquor, but 
this acid was obtained more conveniently as described below. 

dl(trans)-«8-Di-(3 : 4-methylenedioxybenzyl)succinic Anhydride-—The meso-acid (III) (2 g.) 
was refluxed with acetic anhydride (10 c.c.) for 1 hour, and the solution evaporated to dryness 
under reduced pressure. The residual oil, crystallised from a little benzene (carbon), yielded 
the anhydride (1-7 g.) in colourless needles, m. p. 160—161° (Found: C, 65:3; H, 4-2. Calc. 
for CyH,,0,: C, 65-2; H, 4:3%). 

dl-a8-Di-(3 : 4-methylenedioxybenzyl)succinic Acid (III).—The dl-anhydride (7 g.) was 
suspended in water and boiled during the gradual addition of 8% sodium hydroxide solution 
until a permanent alkaline reaction to phenolphthalein was obtained. The cooled solution 
was acidified, and the dl-acid collected; it crystallised from methyl] alcohol in stout hexagonal 
prisms (6-5 g.), m. p. 201° (decomp.) (Found: C, 62-4; H, 4-6. Calc. for CygH,,0,: C, 62-2; 
H, 4-7%). 

Resolution. A solution of the dl-acid (5-2 g.) and strychnine (9-3 g.) in boiling alcohol (300 
c.c.) was diluted with hot waiter (400 c.c.), filtered, and allowed to cool. The strychnine salt of 
the /-acid, which gradually separated, was twice crystallised from 50% alcohol; large prismatic 
plates (7-1 g.), which gradually decomposed at 260° after softening at about 140°, were obtained 
(Found: C, 60-5; H, 6-5; loss in a vacuum at 115°, 13-8. 2C,;H,,0O,N,,C..H,,0,,9-5H,O 
requires C, 60-7; H, 6-6; loss, 14:0%). In chloroform solution (c, 1-014) the salt had [«]}® 
— 29-6°. Concentration of the mother-liquors gave the strychnine salt of the d-acid, which, 
after two crystallisations from hot water, was obtained in colourless needles (6-8 g.), gradual 
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decomp. at about 240° after softening at 140° (Found: C, 66-3; H, 5-9; loss in a vacuum at 
115°, 6:3. 2C,,H.O,N,,Co95H,,0,,4H,O requires C, 66-1; H, 6-3; loss, 6-4%). In chloroform 
(c, 0-880) the salt had [«]}7° — 67-0°. The greater levorotatory value of the strychnine salt of 
the d-acid is probabiv connected with inversion in optical rotatory power during salt formation. 
Although quantitative measurements have not been made, it has been observed that the d- 
and the /-acid yield levo- and dextro-rotatory solutions respectively on neutralisation with 
dilute sodium hydroxide solution. 

The strychnine salts were dissolved in chloroform and shaken with dilute aqueous ammonia, 
and the acids, precipitated by acidification of the alkaline solutions, were collected and 
crystallised from methyl alcohol. d-«$-Di-(3 : 4-methylenedioxybenzyl)succinic acid (III) 
crystallised in colourless prisms, m. p..174—175° (Found : C, 62-2; H, 4-7. C,9H,,0, requires 
C, 62-2; H, 4:7%). In acetone solution (c, 0-992) it had [a]}?" + 12-1°. The l-acid, colourless 
prisms, m. p. 174—175° (Found: C, 62-2; H, 46%), had [a«]}?”" — 12-4° in acetone solution 
(c, 1-032). ; 

d(—)- and 1(+)-a8-Di-(3 : 4-methylenedioxybenzyl)succinic anhydrides, obtained in 90% 
yields by boiling the d- and the /-acid respectively with acetic anhydride as described above in 
the case of the dl-acid, crystallised from benzene in small prisms, m. p. 143—144° [Found for 
the d(—)-form: C, 65-3; H, 4-3. Found for the /(+)-form: C, 65-4; H, 4:3. C,9H,,O0, 
requires C, 65-2; H, 4-3%]. In acetone solution (c, 1-028) the d(—)-form had [«]}”* —21-4° 
and the /(+)-form (c, 0-935) had [a]}” + 21-5°. 

dl(trans)-«8-Di-(3 : 4-methylenedioxybenzyl)butyrolactone (I; RR = CH,O,).—The dli(irans)- 
anhydride (1 g.) was dissolved in a mixture of benzene (20 c.c.) and ether (30 c.c.) and mixed with 
amalgamated aluminium (3-5 g.), and water gradually added to the mixture during 2 days. 
After filtration the alumina was extracted (Soxhlet) with acetone; evaporation of the combined 
extract and filtrate yielded an oil, which was refluxed with 5% methyl-alcoholic potassium 
hydroxide (10 c.c.) for $ hour. The methyl alcohol was removed, and the filtered solution 
acidified with hydrochloric acid and heated at 100° for 1 hour. Excess of sodium bicarbonate 
was added and after digestion on the water-bath for 4 hour the mixture was extracted with 
chloroform. The product crystallised from methyl alcohol (carbon) in colourless needles (0-35 
g.), m. p. 108° (Found: C, 68-0; H, 5-2. Calc. for C,gH,,0,: C, 67-8; H, 5-1%). Keimatsu, 
Ishiguro, and Nakamura (loc. cit.) give 106—107°. dl-«8-Di(bromo-3 : 4-methylenedioxy- 
benzyl) butyrolactone, obtained by bromination in acetic acid solution, separated from methyl 
alcohol in colourless rectangular prisms, m. p. 160° (Found: C, 46-8; H, 3-0. Calc. for 
CyoH,,0,Br,: C, 46-9; H, 31%).  dl-a8-Di(nitro-3 : 4-methylenedioxybenzyl) butyrolactone, 
prepared in acetic acid solution, crystallised from methyl alcohol-chloroform in pale yellow 
prisms, m. p. 172° (Found: C, 54:0; H, 3-8. Calc. for CyH,,0,)9N,: C, 54:0; H, 36%). 
Keimatsu and Ishiguro (J. Pharm. Soc. Japan, 1936, 56, 19) give m. p. 159—160° and 171—172° 
for the dibromo- and the dinitro-derivative respectively. 

l(trans)-a8-Di-(3 : 4-methylenedioxybenzyl)butyrolactone (l-Hinokinin, 1-Cubebinolide).—This 
lactone, obtained similarly in 35% yields from the /(+-)-anhydride, crystallised from methyl 
alcohol in large colourless prisms, m. p. 65—66° (Found: C, 67-7; H, 5-1. Calc. for Cy9H,,0, : 
C, 67-8; H, 5-1%), which gave no depression when mixed with /-hinokinin, m. p. 64—65°. In 
chloroform solution (c, 0-981) it had [«]}””"— 34-0°. Yoshikiand Ishiguro (J. Pharm. Soc. Japan, 
1933, 58, 11) and Mameli (Gazzetta, 1935, 65, 886) give [«]#° — 32-4° and — 33-7° in 2% alcohol 
and chloroform respectively. The dibromo-derivative separated from methyl alcohol in colour- 
less rectangular prisms, m. p. 136° (Found: C, 46-9; H, 3-2. Calc. for C..H,,O,Br,: C, 
46-9; H, 3-1%), which gave no depression in m. p. when mixed with /-dibromohinokinin. In 
chloroform solution (c, 1-302) it had [«]}8*° — 32-4°. Yoshikiand Ishiguro (loc. cit.) give m. p. 138° 
and [a] — 26-9°. The dinitro-derivative, prepared in acetic acid solution, separated from 
methyl alcohol—chloroform, benzene, acetone or acetic acid in pale yellow prisms. As stated on 
p. 1987, the early specimens melted at 163—164° (Found for a specimen obtained from the synthetic 
lactone: C, 53-7; H, 3-8. Found for a specimen obtained from natural /-hinokinin: C, 53-8; 
H, 3-7. Cale. for CygH,,0,9N,: C, 54-0; H, 3-6%). In chloroform solution (c, 1-603), the 
dinitro-derivatives from the synthetic and the natural lactone had [a]}”" — 146° and — 144° 
respectively. Later the dimorphous form, m. p. 183—184°, was obtained (Found for a specimen 
obtained from the synthetic lactone: C, 53-9; H, 3-8. Found for a specimen obtained from 
natural /-hinokinin: C, 63-7; H, 3-7%). In chloroform solution (c, 0-892) the dinitro- 
derivatives, m. p. 183—184°, from the synthetic and the natural lactone had [a]}7" — 143° and 
— 144-5° respectively. Yoshiki and Ishiguro (loc. cit.) give [«]? — 90-5° in acetone; we find 
the dinitro-derivative of natural /-hinokinin has [a]}®’ — 85-9° in acetone (c, 0-144). 
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d(trans)-«8-Di-(3 : 4-methylenedioxybenzyl)butyrolactone (I; RR = CH,O,).—Obtained simi- 
larly in 35% yields from the d(—)-anhydride, this lactone separated very slowly from 
methyl alcohol in large colourless prisms, m. p. 64—65° (Found: C, 67-6; H, 5-1. Cy 9H,,0, 
requires C, 67-8; H, 5:1%). In chloroform solution (c, 0-976) it had [«]}" + 33-8° and 
crystallisation of equimolecular proportions of the d- and the /-form from methyl] alcohol yielded 
the di-lactone, m. p. 108°. The dibromo-derivative separated from methy] alcohol in colourless ] 
rectangular prisms, m. p. 136° (Found: C, 46-8; H, 3-0. C,9H,,O,Br, requires C, 46-9; H, 
3-1%), which had [aJ}® + 31-5° in chloroform solution (c, 1-285). When equimolecular + 
proportions of the d- and the /-form were crystallised from methyl] alcohol, the di-form separated 
in colourless prisms, m. p. 160°. The dinitro-derivative was obtained from methyl alcohol— 
chloroform in dimorphous forms, m. p. 161—162° and 183—184° (Found for the former: C, 
54-2; H, 3-7. Found for the latter: C, 54-1; H, 3-6. C.9H,,0,)N, requires C, 54-0; H, 3-6%). 
In chloroform solution (c, 0-770) the lower- and the higher-melting form had [«]}” + 148-7° and 
+ 147-2° respectively. An equimolecular mixture of the d- and the /-form (m. p. either 162° 
or 184°) separated from methyl alcohol—chloroform as the racemate, m. p. 172°. 
Rates of Hydrolysis of the Lactones.—The following results were obtained by the method 
described previously (this vol., p. 804) : 
% Hydrolysis at 15°. 

IER | isi grndsticateesdsiasccddededdclebiibaiedee 0-5 1-5 3 6 8 12 

A TEI LI I LIE EL 18 35 61 82 90 965 

l-aB-Di-(3 : 4-methylenedioxybenzyl)butyrolactone ... 17 36 60 80 88 95 

aaa re * soo 29 35 58 82 91 95 

dl- ie o is oe JS 37 61 83 89 96 
























Rates of Lactonisation of the Hydroxy-acids.—The following results were obtained by method 
(a) described previously (this vol., p. 805) : 


% Lactonisation at 60°. 


IR. ncdonccsivaccadsianzededegyenscpeadibbodibpendiaess 1 2 4 6 10 20 30 
PIED tonsshnecssnntnereinsaptahepieanadiontensennnananes 19 26 35 41 50 80 97 
l-aB-Di-(3 : 4-methylenedioxybenzyl)butyrolactone ... 18 27 34 43 48 78 96 
d- ns af be .- 19 27 34 41 49 79 94 
dl- - - - i, & 24 37 42 51 78 95 
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374. The Preparation of Pyrylium Salts from Acid Anhydrides and 
Acid Chlorides. 


By P. P. Horr and R. J. W. LE FEvRe. 


By the interaction of acetophenone (2 mols.) or dypnone with various acid 
anhydrides or chlorides (1 mol.) in the presence of anhydrous ferric chloride (excess), 
a number of 2-substituted 4 : 6-diphenylpyrylium ferrichlorides (I) have been prepared. 
Highest yields were obtained when acyl chlorides were used. No marked condensation 
occurred in the absence of ferric chloride; an earlier suggestion—that in these reactions 9 
the anhydrides are acting as ketones—therefore cannot be wholly correct. The i 
effective intermediates may be compounds of the type R-CO-Cl + FeCl. 










THE production of the kation of 4: 6-diphenyl-2-methylpyrylium from acetophenone, 
sublimed ferric chloride, and acetic anhydride (Dilthey, J. pr. Chem., 1916, 94, 72; cf. 
Schneider and Ross, Ber., 1922, 55, 2775) was discussed by Le Févre and Pearson (J., 
1933, 1197), who showed that if, in this reaction, benzoic anhydride were substituted for 
acetic anhydride, the ferrichloride of 2 : 4 : 6-triphenylpyrylium was obtained. 

In the present work the use of other anhydrides, leading to the corresponding 2-sub- 
stituted 4: 6-diphenylpyrylium salts, has been studied; it has further been found that 
acid chlorides can replace anhydrides in these syntheses, with improvement, of the yields 
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(which are, further, in all the reactions tried, higher when aliphatic rather than aromatic 
reagents are used). Since either acetophenone or the equivalent amount of dypnone may 
be employed, the known facts can be summarised by the following scheme : 


FeCl,° 


“=~ 


” an 
2COPhMe —> Ph-CO-CH:CPhMe 0X, Pre CR 1) 
HC CH 
VZ 
CPh 
R = Ph, Me, Et, iso- and n-C,H,, tso-C,Hy, n-C;H,,, n-CgHjs, 
CH,Ph, CHPh:CH; X = O-COPh, O-COMe, O-COEt, Cl. 


The suggestion of Le Févre and Pearson (loc. cit.), that acetic anhydride behaved in the 
original (Dilthey) condensation as a ketone, could of course be extended to cover the new 
reactions now recorded. However, against such a simple view must be set the observation 
that no salt formation can be induced by hydrogen chloride between representative acid 
chlorides or anhydrides and acetophenone in anhydrous ether—-perchloric acid media 
[t.e., conditions which should give the perchlorates corresponding to (I); cf. Lé6wenbein 
and Katz, Ber., 1926, 59, 1377; Le Févre and Le Févre, J., 1933, 1532]. The ferric chloride 
cannot serve merely to generate from an anhydride the corresponding acyl chloride (since 
ethereal hydrogen chloride could do this), but evidently takes a more specific part in the 
reactions. The influence of this substance on the reactivities of acetic anhydride and 
benzoyl chloride has been noted previously by Knoevenagel (Annalen, 1913, 402, 133) 
and Wedekind and Haeussermann (Ber., 1901, 34, 2081), and Béeseken (Rec. Trav. chim., 
1903, 22, 316) has isolated a molecular compound C,H,°COCI] + FeCl, (red hygroscopic 
needles) which may represent the type of intermediate effective in the present experiments. 
The mechanism thus would have points of similarity with that proposed by Perrier (Ber., 
1900, 38, 815) and Béeseken (Rec. Trav. chim., 1900, 19, 19; 1901, 20, 102) and verified 
by Steele (J., 1903, 83, 1470) for the Friedel-Crafts synthesis of ketones. 

Among the tabulated results on p. 1991 we have included the condensation of dypnone 
with acetaldehyde or benzaldehyde in the presence of ferric chloride, to the corresponding 
2-methyl- or 2-phenyl-4 : 6-diphenylpyrylium ferrichlorides. These two reactions cannot 
be exactly analogous to those with acid anhydrides and chlorides above (although the 
initial action of the ferric chloride may be to chlorinate the aldehyde to an acyl halide), 
but probably involve the oxidation of an intermediate at the stage marked * :— 


Ph-CO-CH:CMePh *“"°., Ph-CO-CH:CPh-CH:CHR _* 5 Ph-CO-CH:CPh-CH:CR-OH —> (I.) 


EXPERIMENTAL. 


Interaction of Dypnone with Aldehydes and Acyl Chlorides ——Dypnone (4-4 g.) was mixed 
with the equivalent weight of aldehyde or chloride, and sublimed ferric chloride (4 g.) added 
slowly below 0°. After several hours, the mixture was heated for 1 hour on the water-bath 
and extracted with hot alcohol, and the separated product crystallised from acetic acid or 
anhydride. Acetaldehyde (1 g.) or acetyl chloride (6 g.) gave 4 : 6-diphenyl-2-methylpyrylium 
ferrichloride (4 g. and 4-2 g. respectively); m. p. and mixed m. p. 175°; benzaldehyde (2-3 g.) 
or benzoyl chloride (7 g.) gave the related 2-phenyl salt (1 g. in each case), m. p. and mixed 
m. p. 270-—271°. 

Interaction of Acetophenone with Acid Anhydrides or Chlorides ——Acetophenone (5 g.) was 
mixed with the equivalent weight of an acid anhydride or chloride and treated slowly, below 
0°, with anhydrous ferric chloride (4 g.). Heat was evolved and an intermediate yellow com- 
pound seen. After 24 hours and 1 final hour at 100° the ferrichlorides were isolated as above. 

The table shows the name of the 2-substituent of the 4: 6-diphenylpyrylium kation, the 
anhydride or acyl chloride, etc., from which it was produced, the weight (g.) of the latter used, 
the yield (g.), and the m. p. of the product : 








Some Derivatives of Phenalene. 






Methyl Acetic anhydride 5 2-5 175° 
Methyl Acetyl chloride 6 3-2 175 
Methyl Acetaldehyde 1 1-5 175 
Phenyl Benzoic anhydride 10 0-5 271 
Phenyl Benzoyl chloride 7 4-0 270—271 
Phenyl Benzaldehyde 2-3 3°7 271 
1 Ethyl Propionyl chloride 8 5-0 166 
Ethyl Propionic anhydride 9-5 4-0 166 
2 n-Propyl n-Butyryl chloride 10 5-0 198 
3 isoPropyl isoButyryl chloride 10 4-7 258 
4 isoButyl isoValery1 chloride 8 5-0 162 
5 n-Amyl n-Hexoyl chloride 10 4:5 144 
6 Hexyl Heptoyl chloride 11-2 5-0 88 
7 Styryl Cinnamoyl chloride 12 4-5 257 
8 Benzyl Phenylacetyl chloride 12 1-0 203 






Analyses. 











Found %. Required %. 

Formula. C. H. Fe. Cc. H. Fe. 
1 C,,H,,OCl,Fe —— 12-1 — “= 12-2 
2 Cy9H,,0Cl,Fe 50-8 4-17 12-0 50-6 4-02 11-8 
3 C.9H,,0C1,Fe — -— 11-8 —_ _- 11-8 
4 C,,H,,OC1,Fe -— = 11-6 — 11-5 
5 C,.H,,0Cl,Fe 52-7 4-57 11-2 52-7 4-53 11-2 i 
6 C,3;H,,OC1,Fe 53-3 5-01 10-9 53-6 4-49 10-9 a 
7 C,;H,,OC1,Fe —— -- 10-1 — —- 10-4 
8 C.4H,,OCl,Fe —- — 10-7 — _— 10-7 










General Properties.—The ferrichlorides 1—8 form yellow to brown needles, showing a marked 
bluish fluorescence in ultra-violet light when dissolved in most solvents and in daylight when 
dissolved in water. The red-orange 2-styryl derivative is the only exception, fluorescing green 
in sunlight in acetic acid and in aqueous solution. 

Miscellaneous Reactions.—The interaction of acetophenone with ethyl acetate or phthalic 
anhydride under the above conditions afforded no isolable product. Preliminary experiments 
with the mixed anhydrides acetic—butyric and acetic—benzoic led to normal yields of ferri- 
chlorides, m. p. 180—230°, evidently mixtures. These were not examined further than was 
necessary to make certain that a unidirectional synthesis had not occurred. 








THE Sir WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. (Received, October 19th, 1938.] 










375. Some Derivatives of Phenalene.* 


By WILLIAM KLyYNE and ROBERT ROBINSON. 






An attempt has been made to prepare alkyl derivatives of the little-investigated 
phenalene (I). 1-Methyldihydrophenalen-7-one has been synthesised. 7-Hydroxy-1- 
methyldihydrophenalene also has been prepared, but its dehydration has not been 
accomplished satisfactorily. 







THE experiments herein described were completed before August, 1936, and are now placed 
on record in view of the publications of Koelsch (J. Amer. Chem. Soc., 1936, 58, 1326; 
Koelsch and Rosenwald, ibid., 1937, 59, 2167) dealing with similar topics. 

The original object of the present work was the synthesis of an alkylphenalene. 
By analogy with the two tautomerides of an unsymmetrical indene, an alkylphenalene 
might exist in six forms, each of the three six-membered rings assuming the aromatic 
and the unsaturated character in turn. j 

A possible method of testing the tautomerism of these hydrocarbons is the investigation 









* The name “ perinaphthindane ’’ suggested by Fieser and Hershberg (J. Amer. Chem. Soc., 1938, 
60, 1659) does not appear to be satisfactory in view of the fact that it suggests a tetracyclic compound, 
indane already containing a benzene nucleus. 
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of the oxidation products of an alkylphenalene. If six-fold tautomerism occurs, 
the oxidation might yield a mixture of three dicarboxylic acids. 

The syntheses of 1-methylphenalene and 1 : 7-dimethylphenalene have been attempted 
with the above object in view, but difficulties were encountered in the final 
stages. 1-Chloromethyl-2-methylnaphthalene was obtained from 2-methylnaphthalene 
by the method of Anderson and Short (J., 1933, 485). This compound had been 
prepared by Ziegler and Tiemann (Ber., 1922, 55, 3410) from 1-bromo-2-methy]l- 
naphthalene and by Darzens and Lévy (Compt. rend., 1936, 202, 73). The prescription 
of the latter authors appears to be the most satisfactory and therefore we do not describe 
our modification of the method of Anderson and Short. 

The condensation of 1-chloromethyl-2-methylnaphthalene with ethyl sodiomalonate 
to give (II), the hydrolysis and decarboxylation to 8-2-methyl-l-naphthylpropionic acid 
(III), and the ring closure of the chloride of the acid (III) to 1-methyldihydrophenalen-T- 
one (IV) were carried out by methods similar to those used by Mayer and Sieglitz (Ber., 
1922, 55, 1835) in the series 1-bromomethylnaphthalene to dihydrophenalen-7-one. 


EtO,C.- CH 
BOO a 
‘cz, HO,C ¢H, 


HC’ °CH, 
4 \Me Cen 
(I.) (II.) (III.) 


The dehydration of 6-l-naphthylpropionic acid might occur in the alternative direction 
with formation of 4 : 5-benzindan-l-one, but such a ring closure is excluded in the case of 
§-2-methyl-l-naphthylpropionic acid. 

The ketone, m. p. 49—50°, which we obtained and used for the preparation of derivatives 
was bright yellow. We suspected that it might be methylphenalenone (V), but the 
analyses of the substance and its oxime and the formation of the orange-coloured methyl- 
perinaphthacridine (VI) caused us to reject this view. Professor J. W. Cook has kindly 
drawn our attention to the work of Cook and Hewett (J., 1934, 365) and of Darzens and 
Lévy (Compt. rend., 1935, 201, 902), from which it appears that the ketone should be 
colourless. Application of the procedure of Cook and Hewett showed that this surmise is 
probably correct; the purified substance, m. p. 54—55°, is very faintly yellow and 
evaporation of the mother-liquor from the last crystallisation gave a few colourless crystals. 
It is probable, therefore, that the yellow ketone is substantially (IV) contaminated with a 
little (V). 


CH CH, 
\ 
O CH HOA tH 


Me H,C 7 ‘4 \we 
WW \F 
(V). Me (VII). 


(VI). 


Two routes possibly leading to 1-methylphenalene from (IV) have been explored. 
The reduction to 7-hydroxy-l-methyldihydrophenalene (VII) was accomplished by 
the Pondorff method (Z. angew. Chem., 1926, 39, 138). The attempted dehydration of 
this by the Tschugaeff reaction gave a product the picrate of which afforded unsatisfactory 
analytical data. ' 

The oxime of (IV) has been reduced to 17-amino-l-methyldihydrophenalene. The 
exhaustive methylation of this was attempted, but the results were again not promising. 
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EXPERIMENTAL. 






Ethyl 2-Methyl-1\-naphthylmethylmalonate (II).—A solution of 1-chloromethyl-2-methyl- 
naphthalene (106 g.) in a little dry benzene was added slowly toa paste of ethyl sodiomalonate 
[prepared from ethyl malonate (180 g.) in dry benzene (225 c.c.) and powdered sodium (13-5 g.)]. 
The mixture was refluxed for 12 hours, cooled, and the sodium chloride removed by washing 
with water. The benzene solution was dried and distilled. The product (164 g.), b. p. 190— 
195°/2—3 mm., was a greenish-yellow liquid, which solidified on cooling to a low-melting 
crystalline mass (yield, 94%) (Found: C, 72-5; H, 7-3. Cy gH,,O, requires C, 72-6; H, 7-:0%). 

2-Methyl-1-naphthylmethylmalonic Acid.—The above ester (148 g.) was boiled for 4 hours 
with a solution of potassium hydroxide (84 g.) in water (200 c.c.). The solution was cooled 
and acidified with dilute hydrochloric acid. A white solid separated; it crystallised from 
boiling water in colourless needles, m. p. 172° (decomp.) (Found: C, 70-5; H, 5-9. C,;H,,O, 
requires C, 69-8; H, 5-5%). 

B-2-Methyl-1-naphthylpropionic Acid (III).—The malonic acid (89 g.) was heated at 170— 
180° until the evolution of carbon dioxide ceased ($ hour). The residue was distilled, b. p. 
193—195°/3 mm. The distillate solidified (69 g.) and then crystallised from light petroleum 
(b. p. 60—80°) in white needles, m. p. 93° (Found: C, 78-5; H, 6-6. C,,H,,O, requires C, 
78:5; H, 66%), freely soluble in cold alcohol, ether and acetone and in hot benzene, light 
petroleum, and acetic acid, and moderately soluble in hot water. Itssolution in concentrated 
sulphuric acid was red. 

1-Methyldihydrophenalen-7-one (IV).—The acid chloride of 8-2-methyl-1-naphthylpropionic 
acid was obtained by refluxing the acid (71 g.) with a large excess of thionyl chloride on the 
steam-bath until no more hydrogen chloride was evolved, and removing the excess of thionyl 
chloride at 100°/30 mm. 

A suspension of powdered anhydrous aluminium chloride (93 g.) in dry light petroleum 
(b. p. 80—100°; free from unsaturated hydrocarbons) (220 c.c.) was cooled in ice and stirred 
while the above crude acid chloride, dissolved in dry light petroleum (b. p. 80—100°) (250 c.c.), 
was added dropwise. The mixture was heated on the steam-bath and stirred for 1? hours. It 
was then poured on ice, and the product extracted with ether. The extract was washed with 
dilute aqueous sodium hydroxide and water and dried. The dark brown residue after removal 
of the solvent was distilled and the yellow to orange-red distillate, b. p. 160—210°/3 mm., was 
collected and redistilled. The product (47 g.), b. p. 170—173°/1-5 mm., was a bright yellow 
oil, which quickly solidified to a pasty mass of yellow needles. It crystallised from light petroleum 
(b. p. 40—60°) in bright yellow needles, m. p. 49—50° (Found: -C, 85:5; H, 6-2. C,H,,O 
requires C, 85-7; H, 6-2%), readily soluble in alcohol, ether, and benzene, and moderately 
soluble in aqueous alcohol and aqueous acetic acid. Its solution in concentrated sulphuric 
acid was bright orange. 

The concentrated hydrochloric acid washings of a benzene solution were orange-coloured, 
but gave no precipitate on dilution with water. The ketone recovered from the benzene was 
crystallised from aqueous methyl alcohol and then from light petroleum and obtained in pale 
straw-coloured needles, m. p. 54—55° (Found: C, 85-5; H, 6-3%). The sulphuric acid solution 
was orange-yellow. 

The oxime was prepared, following Cook, Hewett, and Lawrence (J., 1936, 79), by heating 
the ketone (3-8 g.), hydroxylamine hydrochloride (1-5 g.), and dry pyridine (20 c.c.) on the steam- 
bath for 4 hours. It crystallised from alcohol in yellowish leaflets, m. p. 147—149° (Found : 
C, 79-5; H, 6-2; N, 6-6. C,,H,,ON requires C, 79-6; H, 6-2; N, 6-6%). The 2: 4-dini- 
trophenylhydrazone crystallised from pyridine in brownish-red needles, m. p. 250° (decomp.) 
(Found: C, 63-3; H, 4:5. C 9H,,0,N, requires C, 63-8; H, 43%). 

Methylperinaphthacridine (VI).—1-Methyldihydrophenalen-7-one (2-4 g.) and o-amino- 
benzaldehyde (1-5 g.) were dissolved in a little warm alcohol. A few drops of concentrated 
alcoholic potassium hydroxide were added, and the mixture kept overnight. The orange 
solid formed was recrystallised from alcohol and obtained in fine yellow needles, m. p. 134—137° 
(Found : C, 89-2; H, 5-5. C,,H,,N requires C, 89-7; H, 5-4%). The orange solution in alcohol 
exhibits an intense violet-blue fluorescence ; in concentrated sulphuric acid (VI) gives an intense 
crimson solution, and with dilute hydrochloric acid a red, sparingly soluble hydrochloride is 
formed. The latter is soluble in alcohol to an orange solution with a greenish-yellow 
fluorescence. 

7-H ydroxy-1-methyldihydrophenalene.—1-Methyldihydrophenalen-7-one (26-2 g.), aluminium 
isopropoxide (31-5 g.), and anhydrous isopropyl alcohol (260 c.c.) were so heated at 110—115° 
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under a fractionating column that about 60 c.c. of liquid distilled in each hour. More iso- 
propyl] alcohol was added from time to time to keep the volume of the reaction mixture constant. 
After 4 hours’ heating, acetone could no longer be detected in the distillate and the bulk of the 
isopropyl alcohol was then distilled rapidly; the residue was treated with an excess of 25% 
aqueous potassium hydroxide. The product was taken up in ether, and the extract washed with 
dilute acid and with water and dried. The solvent was removed, and the solid residue distilled, 
b. p. 160—170°/0-8 mm. The substance crystallised from boiling light petroleum (300 c.c., 
b. p. 80—100°) in long colourless needles (12-6 g.), m. p. 126—127-5° (Found: C, 84-7; H, 7-2. 
C,,H,,O requires C, 84-8; H, 7-1%). 

Attempted Tschugaeff Dehydration of 7-Hydroxy-1-methyldihydrophenalene.—A mixture of 
the methyldihydrophenalenol (12-5 g.), sodium (1-9 g.), and toluene (200 c.c.) was refluxed 
for 10 hours, carbon disulphide (10 c.c.) added slowly with shaking to the cooled mixture, and 
the whole left overnight. Methyl iodide (35 c.c.) was then added, and the mixture refluxed 
for 4 hours. The sodium iodide formed was removed by shaking with water, and the solvents 
were distilled from the reaction mixture. The residue was distilled at 40 mm., and the product 
was redistilled as a yellow oil smelling of sulphur compounds (7-1 g.)._ It was dissolved in warm 
alcohol (40 c.c.) and added to a solution of picric acid (10-9 g.) in warm alcohol (200 c.c.). The 
orange precipitate which separated on cooling was recrystallised twice from alcohol containing 
some picric acid. The product, orange-brown needles (4-8 g.), had m. p. 128—129-5° (Found : 
C, 58-8, 58-8; H, 5-0, 4-8; N, 10-7. C,H ,.,C,H,O,N, requires C, 58-7; H, 3-7; N, 10-3%. 
C,4H,.,CgsH,0O,N, requires C, 58-1; H, 4:6; N, 10-2%. C,,H,s,Cs,H,O,N, requires C, 57-9; 
H, 5-1; N, 10-1%). 

7-A mino-1-methyldihydrophenalene.—A mixture of 1-methyldihydrophenalen-7-one oxime 
(4-2 g.), absolute alcohol (150 c.c.), and glacial acetic acid (20 c.c.) was heated to 55°, and sodium 
amalgam (370 g. of 3%) added gradually. The mercury was removed, sufficient sulphuric acid 
added to retain the amine as sulphate, and the mixture steam-distilled to remove alcohol. The 
cooled acid liquid was extracted with ether to remove unchanged oxime, made alkaline, and 
extracted with ether three times. The extracts of the alkaline solution were shaken several 
times with dilute hydrochloric acid, and the combined acid solutions concentrated on the steam- 
bath; the residue (2-1 g.) was recrystallised twice from alcohol (charcoal). The product, m. p. 
264—268° (decomp.), sintering at 258°, formed greyish-white leaflets (Found: C, 71:7; H, 
7-1; N, 6-1; Cl, 15-2. C,,H,,NCl requires C, 71-9; H, 6-9; N, 6-0; Cl, 15-2%). 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 26th, 1938.] 





376. Experiments on the Synthesis of Substances related to the Sierols. 
Part XXII. Synthesis of x-Norequilenin Methyl Ether. 


By A. KOEBNER and ROBERT ROBINSON. 


3-8-Naphthyl-A*-cyclopenten-l-one-2-acetic acid and its 6’-methoxy-derivative 
have already been shown to undergo ready cyclisation under the influence of acetic 
anhydride with formation of aromatic phenanthrene derivatives (this vol., p. 1390). 
The dihydro-acids have now been prepared and dehydrated to diketones which are 
related to tetrahydrocyclopentenophenanthrene. Following a method due to 
Zelinsky, the catalytic reduction of 4 : 3’-diketo-7-methoxytetrahydrocyclopentenophen- 
anthrene has afforded a ketomethoxytetrahydrocyclopentenophenanthrene (I, R = H) which 
is closely related to equilenin methyl ether (I, R = Me) and may be termed +-nor- 
equilenin methyl ether, the prefix indicating undetermined stereochemical configuration. 


HYDROGENATION of 3-$-naphthyl-A?-cyclopenten-l-one-2-acetic acid or of its methyl 
ester in methyl-alcoholic solution in the presence of palladised strontium carbonate pro- 
ceeds smoothly to the dihydro-stage and the product is a ketone (semicarbazone) (II for the 
acid). Cyclisation does not occur under many of the conditions applicable in other keto- 
tetrahydrophenanthrene syntheses and the desired diketone (III) was first obtained by 
the use of phosphoric oxide in benzene solution. Later the yield was improved by em- 
ploying phosphoric anhydride in syrupy phosphoric acid solution. The assumed direction 
of ring closure is in accord with many analogies. 
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3’ : 4-Diketo-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (III) yields a monos 
semicarbazone, a mono-2 : 4-dinitrophenylhydrazone and a monohydrazone. As the sub- 
stance bears carbonyl groups in the same relative positions as those of cholestane-3 : 6- 
dione, it was anticipated that condensation with hydrazine would afford a pyridazine de- 
rivative. It is clear that one of the carbonyl groups is inert and this must be that which is 
situated in position 4 of the phenanthrene nucleus. 





Substances related to the Sterols. 





CH, CO CO,H-CH oo rs Pos 

y singe shy \ 

H, CR CH, CH CH, O CH CH, 
CH—CH, CH—CH, CH—CH, 
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The yield of (III) was moderately good, but when (IV) was prepared in a similar fashion 
by way of 3-8-6’-methoxynaphthylcyclopentan-1-one-2-acetic acid, the yield in the cyclis- 
ation was only 20%; other methods of dehydration were still 

CH, CO less successful. 
S In this substance, also, only one carbonyl group reacts with 
O ¢H (H, 2:4 dinitrophenylhydrazine. Reduction of (IV) by hydrogen 
CH—CH, in presence of a platinum-palladium-charcoal catalyst gave a 
monoketone, and this is regarded as (I, R = H) because (a) 
J (IVv.) the method used has been shown by Zelinsky (Ber., 1933, 66, 
872) to be effective in the reduction of carbonyl groups directly 
attached to the aromatic nucleus and (b) reduction of the 3’-keto-group should yield an 
alcohol. Furthermore (c) the product readily yields a 2 : 4-dinitrophenylhydrazone. The 
investigation is being pursued with the object of introducing the angle-methyl group 

present in (I, R = Me). 


(II.) (III.) 


MeO 


EXPERIMENTAL. 


Methyl 3-8-Naphthyl-A*-cyclopenten-1-one-2-acetate—A solution of the crude acid (5 g.) 
(Robinson, Joc. cit.) in methyl-alcoholic hydrogen chloride (100 c.c. of 3%) was refluxed for 
3 hours. The resulting methyl ester crystallised from aqueous methyl alcohol in long colourless 
needles, m. p. 100° (Found: C, 77:0; H, 5-7. Cy ,gH,,0, requires C, 77-1; H, 5-7%). 

3-8-Naphthylcyclopentan-1-one-2-acetic A cid (II) and its Methyl Estey.—A mixture of the above 
methyl ester (3 g.), methyl alcohol (30 c.c.) and palladised strontium carbonate (1-5 g. of 2%) 
was shaken under hydrogen at 40° for 8 hours. The product (yield, almost theoretical) crystal- 
lised from aqueous methy] alcohol in small, colourless needles, m. p. 79—80° (Found : C, 76-6; 
H, 6-4. C,,H,,0, requires C, 76-6; H, 6-4%). The corresponding acid was obtained by 
hydrolysis of the ester in the usual way or by hydrogenation of 3-8-naphthyl-A?-cyclopenten- 
l-one-2-acetic acid (10 g. of acid, 100 c.c. of methyl alcohol, and 5 g. of catalyst, warmed for 
12 hours at 40°). It crystallised from aqueous methyl alcohol (about 10 parts of 50%) in 
colourless needles, m. p. 132° (Found: C, 76-2; H, 6-1. Cj ,,H,,.O3 requires C, 76-2; H, 6-0%). 
The semicarbazone of the acid crystallised from methyl alcohol in rhombic plates, m. p. 217° 
(Found: N, 12-9. C,,H,,0,N,; requires N, 12-9%). 

3’ : 4-Diketo-1 : 2: 3: 4-tetvahydro-1 : 2-cyclopentenophenanthrene (III).—A solution of 3-8- 
naphthylcyclopentan-1l-one-2-acetic acid (6 g.) in syrupy phosphoric acid (20 c.c., d 1-75) was 
made by gentle heating, and phosphoric oxide (50 g.) gradually but quickly added with vigor- 
ous shaking. The temperature rose above 100° and a faint odour of naphthalene became 
perceptible. After 1 hour, ice was added to the dark green mixture and the product was 
isolated by extraction with ether and also with ethyl acetate. The solutions were washed 
with aqueous sodium carbonate and then with water, dried, and evaporated. The residue 
crystallised from a little alcohol in colourless needles (3-5 g.), m. p. 115° (Found: C, 81-6; 
H. 5-6. C,,H,,O, requires C, 81-7; H, 5-6%). The semicarbazone crystallised from alcohol 
in colourless prisms, m. p. 245° (Found: N, 13-3. C,,H,,O,N; requires N, 13-1%), and the 
2 : 4-dinitrophenylhydrazone from ethyl acetate as a deep orange-coloured crystalline powder, 
m. p. 240° (Found: N, 12-9. C,,H,,O,;N, requires N, 13-0%). The hydrazone, obtained by the 
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use of an excess of hydrazine hydrate, crystallised from methyl alcohol in pale yellow prisms, 
m. p. 156° (Found: C, 77-3; H, 60; N, 10-9. C,,H,,ON, requires C, 77:3; H, 6-1; 
N, 10-6%). 

The above ring closure was also effected by means of 80% sulphuric acid at 98° and by 
means of phosphoric oxide in a benzene medium, but the yields were unsatisfactory. 

3-8-6'-Methoxynaphthylcyclopentan-1-one-2-acetic Acid.—The preparation of methoxynaph- 
thyldiketoheptoic acid from furfurylidene-6-methoxy-2-acetylnaphthalene (Robinson, Joc. 
cit.) is accompanied by partial demethylation. We have found it convenient to carry the 
mixed product a stage further and to methylate the mixed methoxy- and hydroxy-naphthy]l- 
cyclopentenoneacetic acids. The acids obtained by the action of 2% aqueous potassium 
hydroxide on the crude diketo-acids (20 g.) in the manner already described (loc. cit.) were 
dissolved in aqueous sodium hydroxide (130 c.c. of 10%) and vigorously stirred; methyl 
sulphate (14 c.c.) was then gradually added at 40—50°. Further quantities of methyl sulphate 
(56 c.c.) and 2n-sodium hydroxide (280 c.c.) were alternately added in portions and the solu- 
tion was finally heated on the steam-bath in order to hydrolyse the methyl ester produced. 
The solution was cooled and acidified, and the product collected and dried (19-2 g.). This 
material was refluxed for 4 hours with methyl-alcoholic hydrogen chloride (200 c.c. of 4%); 
the ester separated on cooling (11-2 g.) and a further quantity (5-5 g.) was obtained from the 
mother-liquor. Methyl 3-8-6'-methoxynaphthyl-A*-cyclopenten-1-one-2-acetate crystallised from 
methyl alcohol in lath-shaped prisms, m. p. 115—116° (Found: C, 73-6; H, 5°8. C,),H,,0, 
requires C, 73-5; H, 58%). Its alcoholic solutions exhibited a blue fluorescence. 

When the crude, unmethylated acids were similarly esterified, the above ester separated 
first from methyl alcohol The mother-liquor was added to water, and the precipitate collected 
and crystallised from methyl alcohol. Methyl 3-8-6'-hydroxynaphthyl-A*-cyclopenten-1-one-2- 
acetate was so obtained in slender prisms, m. p. 164—165° (Found: C, 72-9; H, 5-4. C,,H,,0, 
requires C, 73-0; H, 5-4%), soluble in aqueous sodium hydroxide to a yellow solution. It 
readily coupled with p-nitrobenzenediazonium chloride to a crimson azo-compound. 

In the present case it is advantageous to hydrogenate the methyl ester rather than the 
acid, because the former is the more readily soluble and is the more readily purified. A mixture 
of the methyl ester (10 g., m. p. 115—116°), methyl alcohol (75 c.c.), and palladised strontium 
carbonate (3 g. of 2%) was shaken under hydrogen for 7 hours at about 40°. Absorption 
ceased when the theoretical volume of hydrogen had been utilised. The filtered solution, com- 
bined with hot methyl-alcoholic extracts of the residue, was mixed with aqueous potassium 
hydroxide (resulting solution to contain 50% H,O and 5% KOH) and, after refluxing for 4 
hours, was cooled and acidified; the crystalline precipitate was collected and dried (9-6 g.). 
The substance crystallised from aqueous acetic acid in small, colourless needles, m. p. 146— 
147° (Found: C, 72-3; H, 5-9. C,,H,,0O, requires C, 72-5; H, 6-0%). The alkaline solutions 
were colourless; those of the unsaturated acid were yellow. The methyl ester crystallised 
from methyl alcohol in plates, m. p. 61—62° (Found: C, 73-1; H, 6-4. C,,H,,.O, requires 
C, 73-1; H, 6-4%). 

3’ : 4-Diketo-7-methoxy-1 : 2: 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (IV).—This was 
obtained in the same way as the preceding diketone, the crude methoxynaphthylcyclopentanone- 
acetic acid (5 g.), syrupy phosphoric acid (15 c.c., d 1-75), and phosphoric oxide (50 g.) being 
used. The product crystallised from alcohol (charcoal) in well-shaped prisms (0-9 g.), m. p. 126— 
127° (Found: C, 77-2; H, 5:7. C,sH,,O, requires C, 77-1; H, 5-7%). The 2: 4-dinitro- 
phenylhydrazone separated from ethyl acetate as a dark red, crystalline powder, m. p. 243° 
(decomp.) (Found : C, 62-4; H, 4-3; N, 12-0. C,,H,,O,N, requires C, 62-6; H, 4-3; N, 12-2%). 

3’-Keto-7-methoxy-1 : 2 : 3: 4-tetrahydro-1 : 2-cyclopentenophenanthrene (x-Novrequilenin 
Methyl Ether) (I, R = H).—The catalyst was prepared by heating powdered active charcoal 
(10 g.) with a solution of platinic chloride (H,PtCl, equivalent to 1 g. of platinum) at 40°, after 
which the mixture was rendered alkaline by the addition of sodium carbonate and a few drops 
of hydrazine hydrate were added. The solid was collected, thoroughly washed with water and 
then with alcohol, and suspended in alcohol (100 c.c.). A mixture of the above methoxy- 
diketone (1-3 g.), the well-shaken suspension of the platinised charcoal (10 c.c.), and a solution 
of palladous chloride (0-1 g.) in alcohol (20 c.c.) was shaken with hydrogen at room temperature. 
Hydrogen equivalent to 2 mols. was absorbed during 2 hours and reduction then ceased. The 
filtered solution, combined with hot alcoholic extracts of the catalyst, was concentrated. The 
new ketone crystallised, on cooling, in prisms of fine appearance and was recrystallised from 
methyl alcohol; m. p. 116—117° (Found: C, 81-2; H, 6-8; MeO, 11-8. C,,H,,O, requires 
C, 81-2; H, 6-8; 1MeO, 11-7%). The 2: 4-dinitrophenylhydrazone, readily produced in acetic 
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acid solution, crystallised from this solvent in large, orange-yellow, rhombic plates, m. p. 
246—247° (decomp.) (Found: N, 12-7.. C,,H,,0;N, requires N, 12-6%). 

Addendum.—The constitution attributed to the diketone (III) has been confirmed by its 
conversion into cyclopentenophenanthrene. A mixture of 3’ : 4-diketo-1 : 2: 3: 4-tetrahydro- 
1 : 2-cyclopentenophenanthrene (2 g.), amalgamated zinc (10 g.), water (45 c.c.), concentrated 
hydrochloric acid (10 c.c.), acetic acid (1 c.c.), and toluene (10 c.c.) was refluxed for 24 hours, 
further concentrated hydrochloric acid (total 15 c.c.) being added from time to time. The 
toluene layer was separated, combined with ethereal extracts of the aqueous layer, dried, and 
distilled (the yellow solution exhibited blue fluorescence). The residue distilled, b. p. ca. 
200°/1 mm., as a light yellow, blue-fluorescent oil. This (1-2 g.) was mixed with palladised 
charcoal (0-2 g.) and heated at 330°; hydrogen was then rapidly evolved. When the process 
appeared to be finished, the cooled mass was powdered and extracted with boiling light petroleum 
(b. p. 60—80°). The solutions were washed with dilute aqueous sodium hydroxide, dried, and 
evaporated; the residue crystallised in pale yellow needles (0-4 g.). It was partly dissolved in 
light petroleum (b. p. 40—60°) (charcoal), and the filtered solution concentrated. Colourless 
leaflets separated and the substance was thrice recrystallised from methyl alcohol and obtained 
in colourless leaflets, m. p. 130—132°. The m. p. of a mixture with cyclopentenophenanthrene, 
m. p. 135° (kindly supplied by Dr. G. A. R. Kon), was 133—134°. The reddish-mauve solu- 
tions of the two specimens in hot sulphuric acid were identical. 

When the supposed #-norequilenin methyl ether was condensed with an excess of benzalde- 
hyde in the presence of methyl-alcoholic sodium hydroxide, and the mixture exposed to the 
air, a bright yellow substance separated after 2 days. This crystallised from alcohol in yellow 
needles, m. p. 222°; it dissolved in sulphuric acid to a‘cherry-red solution exhibiting yellow 
fluorescence and its yellow neutral solutions had an intense green fluorescence. The piperonyl- 
idene derivative on the other hand was nearly colourless and exhibited neither the halochromic 
(orange in sulphuric acid) nor the fluorescent properties of the benzylidene compound. It is 
evident that the benzylidene derivative suffered dehydrogenation under the conditions, whereas 
the sparingly soluble piperonylidene derivative separated so quickly that this change did 
not occur. The analysis of the benzylidene compound indicated retention of solvent at 100°, 
but even the qualitative results support the view that the ketone described in this communic- 
ation is ¥-norequilenin methyl ether. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 19th, 1938.] 





377. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXIII. Formation of Oestrone from a Dicarboxylic Acid 
obtained by Degradation of Oestrone Methyl Ether. 


By F. LitvAn and ROBERT ROBINSON. 


Some of the projected syntheses of oestrone (I) are by way of the dicarboxylic acid 
(II, R = Me) (cf. Robinson and Walker, this vol., p. 183) and we have therefore 
prepared this substance by degradation of oestrone methyl ether and have reconverted 
it into oestrone. The cycle of operations dées not involve any stereochemical change. 
Asa model for the conversion of (II, R = Me) into homologues by the method of Arndt 
and Eistert the conversions of phenylpropionic acid into phenylbutyric acid and of 
homocamphoric acid into hydrocamphorylacetic acid were studied. 


By fusion of oestriol with potassium hydroxide, Marrian and Haslewood (J. Soc. Chem. 
Ind., 1932, 51, 2771; cf. MacCorquodale, Thayer, and Doisy, J. Biol. Chem., 1933, 99, 327) 
obtained the acid (II, R= H), for which we now propose the name oestric acid. 
O-Methyloestric acid (II, R = Me) does not appear to have been previously prepared and 
instead of obtaining it by the methylation of oestric acid we adopted the method of de- 
gradation of isonttroso-O-methyloestrone (III). After practising with small quantities of 
camphor we devised a process for the preparation of this derivative in excellent yield. 
The ketone was treated with potassium #ert.-butoxide and amy] nitrite in ¢ert.-butyl-alcoholic 
solution. 

The action of phosphorus pentachloride on the isonitroso-derivative in acetyl chloride 
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solution, followed by prolonged hydrolysis of the product with alcoholic potassium hydr- 
oxide, afforded O-methyloestric acid in about 66% yield. The fact that the last stage 
required a fortnight for completion showed that we were dealing with a “‘ hindered ° acid 
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amide («-carboxyamide) and hence methyloestrimide must be an intermediate product. 
This may be directly formed from the tsonitroso-compound or may be produced by the 


rearrangement of a $-nitrile acid as shown in the scheme : 
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This hindrance phenomenon, which was to be anticipated for theoretical reasons, 
assured us that there could be no difficulty in preparing the «monomethyl ester of 
O-methyloestric acid and as very little material was available we prepared the dimethyl] ester 
by the action of diazomethane on the acid and hydrolysed this by means of methanolic 
potassium hydroxide (1-02 mols.). The viscous oil so obtained should undoubtedly be the 
desired monomethyl ester; it was not characterised but employed directly for the next 
stage. 
, CO,H CO,Me CO,Me 
\Y YY \Z4 
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O-Methylhomo-oestric acid (IV) has already been described by Bardhan (J., 1936, 1848), 
who applied a method first used for the preparation of homocamphoric acid from camphor 
(Bishop, Claisen, and Sinclair, Annalen, 1894, 281, 331; Lapworth, J., 1900, 77, 1062) 
to hydroxymethylene-O-methyloestrone. e desired to convert methyl hydrogen 
O-methyloestrate into this acid or a derivative thereof and for this purpose the elegant 
method of Arndt and Eistert (Ber., 1935, 68, 200; 1936, 69, 1074) appeared the most 
promising. An acid, R-CO,H, is converted into its chloride and then into a diazo-ketone, 
R-CO-CHNg, by the action of diazomethane. The homologous acid, R-CH,‘CO,H, is pro- 
duced as the result of a molecular rearrangement of the diazo-ketone under the influence 
of a solution of silver oxide in aqueous sodium thiosulphate. 

As aromatic acids have for the most part been employed in this series of reactions we 
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first satisfied ourselves that the conversion of phenylpropionic acid into phenylbutyric acid 
was practicable. We then proceeded to a closer analogy, namely, the conversion of homo- 
camphoric acid by way of its monoethyl ester into hydrocamphorylacetic acid (V). This 
having been successfully accomplished, the methyl hydrogen O-methyloestrate was sub- 
mitted to the Arndt-Eistert transformations. The acidic product was converted into 
the dimethyl ester and eventually dimethyl O-methylhomo-oesirate, identical with the 
dimethyl ester of Bardhan’s acid, could be isolated although only in small yield. It is 
probable that some of the original acid was regenerated and the crystallisation of the mixture 
of esters was very difficult. 

The dimethyl ester was hydrolysed by long boiling with aqueous methanolic barium 
hydroxide. 

The formation of O-methyloestrone from O-methylhomo-oestric acid by means of 
Blanc’s reaction has been described by Bardhan (loc. cit.), but the identity of the product 
was assumed from the m. p. 164—165°, and from analysis; apparently a mixed m. p. was 
not carried out. We have effected the cyclisation by heating the lead salt and have con- 
firmed the identity of the resulting ketone with O-methyloestrone. The demethylation 
of O-methyloestrone was brought about by means of a mixture of acetic and hydriodic acids 
and oestrone was recovered. 


EXPERIMENTAL. 


y-Phenylbutyric Acid.—The applications of the Arndt—Eistert reaction herein described were 
made exactly as prescribed (loc. cit.) by these authors (0-1 g.-mol. of acid chloride in 50 c.c. 
of ether is treated with 0-3 g.-mol. of ethereal diazomethane at 10°; a solution of the diazo-ketone 
so obtained is gradually added to a suspension of 13 g. of silver oxide in a solution of 19 g. of 
sodium thiosulphate in 650 c.c. of water at 70°) or with aliquot proportions. Itis very important 
to ensure that the diazomethane solution is free from potassium hydroxide, either by careful 
filtration or, better, by distillation. 

8-Phenylpropiony] chloride (3-0 g.) and diazomethane (2-2 g.) gave a yellow oily diazo-ketone, 
which was dissolved in dioxan (30 c.c.) and treated as above. The solution was acidified and 
filtered, the precipitate washed with alcohol, and the combined filtrate and washings rendered 
alkaline with sodium carbonate. The solution was extracted with ether, separated, and 
acidified, and the phenylbutyric acid isolated by means of ether. The product, crystallised 
from light petroleum (b. p. 40—60°), had m. p. 49—50° (yield, 60%) (Found: C, 73-1; H, 7:3. 
Calc. for C,,H,,0,: C, 73:2; H, 7-3%). 

Hydrocamphorylacetic Acid (V).—Ethy] hydrogen d-homocamphorate (m. p. 78°) was obtained 
by the method of Haller (Compt. rend., 1889, 101, 113). Esterification of d-homocamphoric 
acid with alcohol and sulphuric acid afforded the diethyl ester, b. p. 128—130°/1 mm., n=” 
1-435 (Haller gives b. p. 205—210°/20 mm.) instead of the expected monoethyl ester (m. p. 47°). 
The hydrolysis of the diethyl ester with a 5% excess of potassium hydroxide gave ethyl hydrogen 
d-homocamphorate (m. p. 78°, b. p. 145—147°/0-44 mm.) in 90—95% yield (Found: C, 64-3; 
H, 9-2. Calc. for C,;H,,0,: C, 64-5; H, 9-1%). The half ester (from 20 g. of diethyl ester) 
was converted into the chloride by means of thionyl chloride and submitted to the Arndt- 
Eistert procedure. The product was hydrolysed by heating with an excess of hydrobromic 
acid (d 1-5) on the steam-bath and hydrocamphorylacetic acid (9 g.), m. p. 137°, was then 
isolated and purified in the known manner (Found: C, 63-1; H, 8-7. Calc. for C,,.H,,0,: 
C, 63°2; H, 8-8%) (cf. Winzer, Annalen, 1890, 257, 298). 

The conversion of hydrocamphorylacetic acid into homocamphor by Blanc’s acetic anhydride 
method has been described by Lapworth and Royle (J., 1920, 117, 743), who also obtained 
the ketone by heating the lead salt of the dibasic acid; the yields obtained were not, however, 
stated. We found that 5 g. of the acid by Blanc’s method gave 1-1 g. of homocamphor. After 
steam-distillation and vacuum sublimation the substance had m. p. 189-5—190-5° (Found : 
C, 79-4; H, 10-9. Calc. forC,,H,,0: C, 79-5; H, 10-9%). 

A mixture of hydrocamphorylacetic acid (4 g.) and baryta (0-5 g.) was heated at 300—310° 
for 6 hours. There resulted only 0-2 g. of homocamphor and 3-2 g. of the unchanged acid was 
recovered. On a small scale the lead salt method appeared to give much better results, The 
2: 4-dinitrophenylhydrazone of homocamphor has m. p. 232°. 

Ethyl d-1-Carboxy-1:2:2-trimethylcyclopentane-3-acetate (Ethyl Hydrogen d-Homocamphorate). 
—We are indebted to Dr. James Walker for the following improved preparation and for a 
specimen of the half ester. A mixture of d-homocamphoric acid (30-2 g.), ethyl alcohol (20 c.c.), 
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benzene (100 c.c.), and concentrated sulphuric acid (5 c.c.) was refluxed for 4 hours and then 
washed with water and twice with sodium carbonate solution. The alkaline washings were 
acidified and the precipitated oil (32-6 g.), isolated by means of ether, rapidly solidified, m. p. 
52—53°, b. p. 153—154°/0-44 mm.; the distillate cystallised in needles, m. p. 58-5-—59-5°, 
[a}}° + 57-5° (c, 1-87 in alcohol) (Found: C, 64-5; H, 9-1. Calc. for C,,H,,0,: C, 64-4; 
H, 9-1%). Haller (Compt. rend., 1889, 109, 113) gives m. p. 44—45°, and Palfray (Aun. Chim., 
1923, 20, 329) records m. p. 56—56-5° and [«]}”* + 55°47’ (c, 4-183 in alcohol). When twice as 
much alcohol was used in the above experiment, the diethyl ester was obtained. 

When this ethyl hydrogen d-homocamphorate (m. p. 59°) was submitted to the Arndt- 
Eistert reaction, the product isolated after hydrolysis was pure d-homocamphoric acid, m. p. 
232°, alone or mixed with an authentic specimen. 

isoNitroso-O-methyloestrone (III).—The methy] ether of oestrone was prepared by the method 
of Butenandt, Stérmer, and Westphal (Z. physiol. Chem., 1932, 208, 167) ; yield, 5-2 g.,m. p. 163°, 
from 5 g. of oestrone. 

After a considerable number of experiments on the nitrosation of camphor and of O-methy]l- 
oestrone the following conditions were found to give much the best results. Potassium (0-15 g.) 
was dissolved in ¢ert.-butyl alcohol (10 c.c.), O-methyloestrone (0-1 g.) added, and the mixture 
stirred at room temperature for 5 hours. isoAmy] nitrite (0-1 g.) was then introduced, and the 
stirring continued for 4 hours, then at 50° for 2 hours, and again at room temperature for 12— 
15 hours; the whole operation was conducted under pure nitrogen. After the addition of ice 
and water the solution was thoroughly extracted with ether, and the aqueous layer separated 
and acidified with acetic acid. Separation of the product (0-08 g., m. p. 151—152°) was complete 
in about 2 hours. When potassium (0-5 g.), éert.-butyl alcohol (20 c.c.), O-methyloestrone 
(2 g.), and isoamy]l nitrite (1-5 g.) were used, the yield was 1-95 g. (similarly 1-35 g. and 2-3 g. 
from 1-55 g. and 2-8 g. of O-methyloestrone respectively). The substance crystallised from light 
petroleum (b. p. 60—80°) in needles and irregular plates, m. p. 161—162° (decomp.) (Found : 
C, 72-1; H, 7-8; N, 4-5. Cy sH,30,N requires C, 72-9; H, 7-3; N, 45%), easily soluble in 
dilute aqueous sodium hydroxide to a faintly yellow solution. 

O-Methyloestric Acid (Il1).—Experiments with isonitrosocamphor showed that in acetyl] 
chloride solution the reaction with phosphorus pentachloride gives chiefly the «-mononitrile of 
camphoric acid, m. p. 151—152°. With isoamyl ether as the solvent, the main product is the 
a«-monoamide of camphoric acid, m. p. 174—175°. 

In the case of isonitroso-O-methyloestrone we have used ether as the solvent with fair 
results on a small scale; the following conditions are representative of those used in larger 
operations. Phosphorus pentachloride (1-8 g.) was gradually added to a mixture of isonitroso- 
O-methyloestrone (2-3 g.) and acetyl chloride (200 -c.c.); after 2 hours at room temperature, 
most of the excess of acetyl chloride was evaporated, the mixture decomposed with ice, and the 
solution thoroughly extracted with ether. The ethereal solution was washed with water, dried, 
and evaporated. The residue was refluxed with an excess of alcoholic potassium hydroxide 
(30%) for about 14 days or until the evolution of ammonia ceased. Towards the end of this 
period, zinc dust was added in order to eliminate nuclear-substituted chlorine. The solution 
was diluted and filtered, most of the alcohol removed by distillation, and the acid isolated by 
acidification and extraction with a large volume of ether. The product crystallised from 20% 
acetic acid (charcoal) in faintly yellowish plates, m. p. 189—190° (yield, 1-6g. or 66%) (Found : 
C, 68-2, 68-3; H, 7-3, 7-4; equiv., 0-01N-sodium hydroxide, 168. C,,H,,0,; requires C, 68-7; 
H, 7:2%: equiv., 161). 

O-Methylhomo-oestric Acid (Bardhan’s Acid) (IV).—The work of Bardhan (loc. cit.) has been 
confirmed in all respects. Hydroxymethylene-O-methyloestrone (2-35 g., m. p. 165°, from 
2-2 g. of O-methyloestrone) gave Bardhan’s acid (1-7 g. yielding 0-9 g., m. p. 253°) (Found: 
C, 69-0; H, 7:3. Calc. for CyH,,0,;: C, 69-3; H, 7-5%) and an alkali-insoluble by-product 
(0-3 g.) which may be an isooxazole derivative. The dimethyl ester, obtained by the action of 
diazomethane on‘ the acid in ethereal solution (quantitative yield), crystallised from aqueous 
methyl alcohol in colourless plates, m. p. 85° (Found: C, 70-7; H, 8-1. C,.,H3,0, requires C, 
70-6; H, 8-1%). A specimen was hydrolysed by refluxing for 7 days with an excess of methy]l- 
alcoholic barium hydroxide and, after the usual treatment, the original acid was recovered, 
m. p. 253° alone or mixed with the authentic specimen. Various attempts to obtain crystalline 
methylamides and a methylimide were unsuccessful. 

O-Methyloestric acid was converted into its dimethyl esttr (1-75 g.) by treatment with 
ethereal diazomethane and the crude product was refluxed for several hours with a solution of 
potassium hydroxide (0-29 g.) in methyl alcohol (10 c.c.) and water (5c.c.). After addition of 
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ether and water, the aqueous solution was acidified, and the ester-acid isolated by means of 
ether and thoroughly dried (1-2 g.). This material was dissolved in a little chloroform and 
treated with thionyl chloride (1 g.); when evolution of hydrogen chloride ceased, the solution 
was distilled under diminished pressure, benzene added to the residue, and the solvent removed 
as before; the addition of benzene and its removal were repeated five times. The residue was 
dissolved in anhydrous ether and added at 10° to ethereal diazomethane (from 1-0 g. of nitroso- 
methylurea). After removal of the ether, the diazo-ketone, a viscous yellow oil, was dis- 
solved in dioxan (10 c.c.), and the solution gradually added to one of silver oxide (0-5 g.) and 
sodium thiosulphate (0-7 g.) in water (25 c.c.). The mixture was kept at 70° for an hour, then 
cooled, acidified, and extracted with ether. The dried and concentrated solution was treated 
with an excess of diazomethane and evaporated, and the residue taken up in methyl alcohol. 
No crystalline material could be obtained on long keeping and on slow concentration. The 
solution was mixed with dilute aqueous sodium hydroxide, the oil taken up in ether, and this 
solution shaken with a little activated alumina, dried, and evaporated. The residue did not 
crystallise. It was extracted with light petroleum (b. p. 80—110°) until almost all had passed 
into solution, the solvent removed and the process repeated with light petroleum (b. p. 60—80°). 
The residue from this extract showed signs of hardening on stirring; it was extracted with 
light petroleum (b. p. 40—60°), and the solution concentrated; an ill-defined solid slowly 
separated in the ice-box. Two more crystallisations from light petroleum (b. p. 40—60°) gave 
colourless flat needles, m. p. 85°, alone or mixed with the above-described specimen of dimethyl : 
O-methylhomo-oestrate. The yield was about 20 mg., but doubtless the major part of the F 
product remained in the mother-liquors, possibly mixed with dimethyl O-methyloestrate. q 
O-Methyloestrone from Bardhan’s Acid.—An intimate mixture of O-methylhomo-oestric 
acid (0-27 g.) and lead carbonate (0-2 g.) was carefully heated over a free flame in a long, narrow 
hard-glass tube which was rotated so that gas could escape. The high vacuum pump was 
connected when the initial reaction had been completed and the mixture was gradually heated 
more strongly. Ketonisation proceeded remarkably smoothly and the product distilled as a 
colourless oil into a clean part of the tube; it crystallised at once on cooling. The substance 
crystallised from acetone in colourless prisms, m. p. 166—167° alone or mixed with O-methyl- 
oestrone (Found : C, 80-2; H, «4. Calc. for C,,H,,0,: C, 80-3; H, 8-4%). 
The demethylation of O-methyloestrone was carried out on a small scale. The methyl 
ether was dissolved in a little hot acetic acid, and hydriodic acid (ca. 2 vols.; d 1-9) gradually 
added to the boiling solution. After boiling for about 2 minutes, the solution was poured into 
an excess of aqueous sodium bisulphite, and the precipitate collected. This was extracted 
with boiling dilute aqueous sodium hydroxide, and the filtered solution acidified and extracted 
with a large volume of ether. The ethereal solution was dried and concentrated; the crystals 
that separated already consisted of nearly pure oestrone. The substance was recrystallised 
from acetic acid and obtained in flat, prismatic needles, m. p. 257—-258° alone or mixed with a 
pure specimen. 
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378. Experiments on the Synthesis of Substances related to the 
Sterols. Part XXIV. Some Derivatives of B-Tetralone. 





By G. P. CROWLEY and ROBERT ROBINSON. 







B-Tetralone and 6-methoxy-B-tetralone (I) have been obtained by the Curtius 
degradation of dihydro-2-naphthoic acid and its 6-methoxy-derivative (II). The 
latter is.available after cyclisation of the formylation product (III) of ethyl y-m- 
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with formation of (IV), characterised as a 2: 4-dinitrophenylhydrazone. An acid (¥) 
corresponding to (II) in the phenanthrene series has been prepared, but has not yet 
been converted into the ketomethoxytetrahydrophenanthrene; work along these 
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lines is in progress. The ethoxalyl derivative of ethyl y-m-methoxyphenylbutyrate has 
also been prepared and dehydrated with formation of a methoxydihydronaphthalene- 
dicarboxylic acid (VI) (cf. Fieser and Hershberg, 1935). 


In several sections of this investigation we have studied various 1l-keto- and 3-keto- 
derivatives of hydrophenanthrene, but there is no doubt that 2-keto-7-methoxy-1 : 2:3: 4 
tetrahydrophenanthrene, if accessible, would also be a valuable intermediate in the synthesis 
of equilenin; similarly, the related methoxyoctahydrophenanthrone offers a plausible 
route to oestrone. Unfortunately it is not easy to devise a satisfactory synthesis of these 
substances. 

The experiments now placed on record may serve as models for their synthesis, but 
even so the desirable 6-hydrophenanthrones could-only be obtained by making laborious 
many-staged preparations. 

3 : 4-Dihydro-$-naphthoic acid (VII) (Derick and Kamm, J. Amer. Chem. Soc., 1916, 
38, 400) has been converted by way of its ethyl ester into a hydrazide, and the azide there- 
from on boiling with alcohol and hydrolysis of the resulting urethane (VIII, R = H) 
affords 8-tetralone (IX), the process being more expeditious and giving better overall 
yields than that of Bamberger and Voss (Ber., 1894, 27, 1547) in which dihydronaphthalene 
chlorohydrin is employed. 
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In the 6-methoxy-series a similar method has been used, the cyclisation of the ester of (II) 
being best accomplished by the use of a mixture of sulphuric and phosphoric acids in order 
to avoid the sulphonation which occurs if sulphuric acid is used alone. 

Ethyl «-ethoxalyl-y-m-methoxyphenylbutyrate was cyclised by a method similar to 
that used by Auwers and Miiller (J. pr. Chem., 1925, 217, 124) and by Fieser and Hershberg 
(J. Amer. Chem, Sac., 1935, 57, 1851) in analogous cases and a number of derivatives of 
6-methoxy-3 : 4-dihydronaphthalene-1 : 2-dicarboxylic acid (VI) have been prepared. 

The imide was submitted to the action of sodium hypochlorite in methyl-alcoholic 
solution (Weerman), but no ketonic product could be isolated. 


EXPERIMENTAL. 


8-Tetralone.—A mixture of ethyl 3: 4-dihydro-8-naphthoate (13-6 g.), hydrazine hydrate 
(5 g.), and alcohol (3 c.c.) was refluxed (oil-bath at 120°) for 6 hours. The hydrazide separated 
on cooling and, after washing with cold alcohol, was crystallised from alcohol. The colourless 
prisms had m. p. 141° (Found: N, 15-0. C,,H,,ON, requires N, 14-9%). 

A solution of sodium nitrite (3-8 g.) in water (10 c.c.) was gradually added to one of the 
hydrazide (9'g.) in hydrochloric acid (300 c.c. of 0-33N) at 0°. The azide separated and was 
collected and dried over potassium hydroxide in a vacuum (8-5 g.). The whole product was 
refluxed with alcohol (20 c.c.) for 3 hours, the alcohol evaporated, and the residue stirred with 
sulphuric acid (200 c.c. of 0-33N) for 3 hours at 100°, The tetralone formed was isolated by 
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means of ether and distilled, b. p. 140°/18 mm. (3-9 g.); ethyl carbamate was obtained as a by- 
product. The phenylhydrazone formed yellow plates, m. p. 108°. 

6-Methoxy-3 : 4-dihydro-B-naphthoic Acid (II).—Ethyl ‘y-m-methoxyphenylbutyrate, a 
colourless oil, b. p. 170—1°/20 mm., was obtained in 90% yield by refluxing the acid with an 
excess of alcoholic sulphuric acid (2-5%). A solution of this ester (141 g.) and isoamyl formate 
(88-4 g.) in ether (100 c.c.) was slowly added to a suspension of alcohol-free sodium ethoxide 
(43-6 g.) in ether at 0°. After 2 hours the mixture was allowed to reach room temperature and 
after 2 days it was decomposed with ice. The separated aqueous layer was washed with ether 
(from the combined ethereal solutions, 50—60 g. of unchanged ester were recovered) and acidified 
with dilute sulphuric acid, the product isolated by means of ether, and traces of isoamyl formate 
temoved by exposure to a vacuum and heating in the steam-bath. The residual oil (60 g.), 
consisting of mixed ethyl and isoamyl «-formyl~y-m-methoxyphenylbutyrates, could not be 
crystallised. It gave a reddish-blue ferric reaction in alcoholic solution. 

The formyl] derivative (60 g.) was added with stirring to a mixture of phosphoric acid (200 
c.c., @ 1-75) and sulphuric acid (50 c.c.) at — 10°. After 2 hours the red solution was poured 
on ice, the product taken up in ether, and the extract washed with aqueous sodium carbonate, 
dried, and distilled, b. p. 162—170°/0-3 mm. (55 g.). 

The cyclisation was also effected by heating the formyl] derivative (10 g.) at 230—240°/30 mm. 
until the ferric reaction was negative. The yield of distilled mixed condensed esters was inferior 
(4:5 g.). 

The distilled condensate (5 g.) was refluxed for 14 hours with aqueous sodium hydroxide 
(20 c.c. of 20%) and at this stage the formation of some isoamyl alcohol, resulting from alkyl 
transposition in the esters, was noted.’ The cold, diluted solution was acidified; the solid 

3 g.) obtained crystallised from alcohol in prisms, m. p. 176°, that readily sublimed (Found : 
C, 71:0; H, 61. C,,H,,O; requires C, 70-6; H, 5-9%). 

The ethyl ester (2-2 g., b. p. 148°/0-5 mm.) was isolated after a mixture of the acid (2-5 g.), 
alcohol (40 c.c.), and sulphuric acid (1-3 c.c.) had been refluxed for 6 hours (Found: C, 72-4; 
H, 6-8. C,,H,,O, requires C, 72-4; H, 6-8%). 

For the preparation of the hydrazide it was unnecessary to obtain the pure ethyl ester. A 
mixture of the distilled condensate mixture (55 g.), hydrazine hydrate (20 g.), and alcohol 
(10 c.c.) was refluxed (bath at 115°) for 7 hours. The hydrazide (37 g.) separated on cooling 
(1 g. more from the filtrate and washings) and after washing with alcohol and drying could be 
used for the next stage. The substance crystallised from alcohol in colourless plates, m. p. 
145° (Found: N, 12-9. C,,H,,0,N, requires N, 12-8%). 

6-Methoxy-3 : 4-dihydro-B-naphthylurethane (VIII, R = MeO).—A solution of sodium nitrite 
(20 g.) in water (50 c.c.) was added to one of the above hydrazide (37-5 g.) in hydrochloric acid 
(1000 c.c. of 0-5n) at — 2°. After $ hour the pale yellow prisms of the azide were collected, 
washed, and dried (39 g.). This product, mixed with alcohol (300 c.c.), was heated to 70° and 
when the vigorous evolution of nitrogen ceased, the solution was refluxed for 14 hours and then 
concentrated to half its volume. On cooling, the urethane separated in colourless prisms (36 g.), 
m. p. 116° after recrystallisation from alcohol (Found: N, 5-7. C,,H,;O;N requires N, 56%). 

Phthalo-6'-methoxy-3' : 4'-dihydro-B-naphthylimide.—A mixture of methoxydihydronaphthyl- 
urethane (2 g.) and phthalic anhydride (1-6 g.) was heated at 220° until evolution of gas ceased. 
After cooling to about 100°, the product was triturated with aqueous potassium hydrogen 
carbonate, and the solid collected and washed with warm methyl alcohol. The derivative 
(2 g.) crystallised from alcohol in straw-coloured needles, m. p. 195° (Found: C, 74:5; H, 4-8. 

C,,H,,0,N requires C; 74-7; H, 4-9%). 

6-Methoxy-B-tetralone (I1).—A suspension of methoxydihydronaphthylurethane (36 g.) in 
sulphuric acid (1000 c.c. of 0-6N) was gradually heated to 100° with stirring. After 3 hours 
the product was isolated by means of ether and distilled. The fraction, b. p. 80—90°/11 mm., 
crystallised from light petroleum in colourless plates, m. p. 49° (Found : C, 40-4; H, 7-9. Calc. 
for C,H,O,N: C, 40-4; H, 7:8%), and was then identified as ethyl carbamate. The fraction, 
b. p. 164°/11 mm. (20 g.), solidified on cooling; it crystallised from light petroleum (b. p. 40— 
60°) in colourless needles, m. p. 36° (Found: C, 74-7; H, 6-8. C,,H,,O, requires C, 76-0; 
H, 6:8%). The ketone forms a crystalline sodium bisulphite adduct. The 2: 4-dinitrophenyl- 
hydvazone crystallised from alcohol in orange prisms, m. p. 132° (Found: N, 15-5. C,,H,,0;N, 
requires N, 15-7%). 

2 : 4-Dinitrvophenylhydvazone of 2-Keto-T-methoxy-2 :3:4:9: 10: 12-hexahydrophenanthrene 
(IV for the ketone).—A mixture of 6-methoxy-$-tetralone (10 g.), ether (50 c.c.), and powdered 
sodamide (2-25 g.) was stirred at room temperature for 7 hours in a stream of nitrogen and then 
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refluxed for $ hour. A solution of 4-diethylaminobutan-2-one methiodide (16 g.) in alcohol 
(10 c.c.) was gradually added to the cold mixture and after 12 hours the whole was refluxed for 
4 hour. Dilute hydrochloric acid and ether were added and the ethereal layer was separated, 
dried, and distilled. Methoxytetralone (0-9 g.), b. p. 136°/0-3 mm., was recovered and the next 
considerable fraction was a pale yellow oil (2-4 g.), b. p. 180—195°/0-3 mm.; redistilled, b. p. 
178—181°/0-3 mm. The red 2: 4-dinitrophenylhydrazone from this crystallised from ethyl 
acetate—toluene in prisms, m. p. 186—187° (Found: C, 61-7; H, 5-1; N, 13-7. C,H ,O;N, 
requires C, 61-8; H, 4-9; N, 13-7%). 

From the considerable gummy residue, obtained as the result of decomposition or more 
complex condensations, a crystalline substance was extracted by boiling n-butyl alcohol. It 
was very sparingly soluble and crystallised from butyl alcohol in needles, m. p. 247° (Found : 
C, 80-1; H, 5-4. C,,H,,0, requires C, 80-0; H, 5-4%). This may be 2C,,H,,O, — H,O — 
2H,, that is, a dehydrogenated dimethoxytetrylidenetetralone. Particularly, but not exclusively, 
when an excess of diethylaminobutanone methiodide*was employed, an ether-insoluble part 
of the crude product was obtained. This had m. p. 228° after crystallisation from alcohol 
(Found: C, 75-0; H, 8-5. C,H,O requires C, 75-0; H, 8-3%). The substance is probably 
a polymeride of the simple formula indicated; it has no ketonic properties. 

3 : 4-Dihydrophenanthrene-2-carboxylic Acid.—y-1-Naphthylbutyric acid (Haworth, J., 
1932, 1128) was esterified with alcoholic sulphuric acid (90% yield, b. p. 209—210°/13 mm. 
Cf. Fieser and Hershberg, J. Amer. Chem. Soc., 1935, 57, 1853). This ester (15 g.) and iso- 
amyl formate were condensed (4-32 g. of sodium ethoxide) as described above in another case. 
The resulting formyl derivative (7-8 g.) was mixed with phosphoric acid (15 c.c., d 1-75) and 
sulphuric acid (60 c.c.) at — 5° and after 3 hours at this temperature the mixture was poured 
on ice and the esters were isolated and hydrolysed by refluxing with aqueous sodium hydroxide 
(30 c.c. of 20%). The acid (6 g.) obtained on acidification crystallised from toluene in waxy 
plates, m. p. 234° (Found: C, 80-1; H, 5-4. (C,,;H,,O, requires C, 80-3; H, 5-3%). The 
ethyl ester, obtained by the use of alcoholic sulphuric acid, had b. p. 192—193°/0-4 mm. (Found : 
C, 80-8; H, 6-2. C,,H,,O0, requires C, 81:0; H, 6-3%). 

7-Methoxy-3 : 4-dihydrophenanthrene-2-carboxylic Acid (V).—y-6-Methoxy-3 : 4-dihydro-1- 
naphthylbutyric acid (Robinson and Walker, J., 1937, 63) was dehydrogenated by heating with 
sulphur to y-6-methoxy-1l-naphthylbutyric acid, m. p. 151°, which was esterified with alcoholic 
hydrogen chloride (ethyl ester, b. p. 169°/0-2 mm. Cf. Cohen, Cook, and Hewett, J., 1936, 
53). 

The formylation of the ester (14-8 g.) followed the method already described (tsoamyl] formate, 
7-6 g., and sodium ethoxide, 3-74 g.). A mixture of the formyl] derivatives (6 g.), phosphoric 
acid (25 c.c., d 1-75), and sulphuric acid (55 c.c.) was kept for 3 hours at — 10°, then worked 
up as usual and the cyclised product hydrolysed by boiling with aqueous sodium hydroxide 
(30 c.c. of 20%). The acid (4-7 g.) was precipitated on acidification of the diluted solution and 
after three crystallisations from acetic acid was obtained in almost colourless plates, m. p. 
242° (Found: C, 75-5; H, 5-6. C,gH,,O, requires C, 75-6; H, 5-5%). 

Derivatives of 6-Methoxy-3 : 4-dihydronaphthalene-1 : 2-dicarboxylic Acid (VI1).—Alcohol 
(20 c.c.) was added to a suspension of finely divided potassium (5-4 g.) in ether (100 c.c.) and, 
when the formation of ethoxide was complete, ethyl oxalate (26 g.) was introduced with cooling. 
After 4 hour ethyl y-m-methoxyphenylbutyrate (30 g.) was added, and the red mixture kept 
for about 12 hours. The potassium salt that had separated was washed with ether and 
decomposed with ice and dilute sulphuric acid. The product (31-5 g.) was isolated by means 
of ether. The whole quantity was carefully mixed with well-stirred sulphuric acid (150 c.c. 
of 96%) at — 15°. After 2 hours the solution was added to ice and the condensed product was 
isolated by means of ether (sodium carbonate washing) and distilled, finally as a pale yellow oil, 
b. p. 189—190°/0-7 mm. (Found: C, 66-9; H, 6-6. (C,,H,,O,; requires C, 67-1; H, 66%). 
When this diethyl ester (of VI) was hydrolysed with boiling 20% potassium hydroxide solution, 
and the resulting acid liberated, it was obtained as a precipitate containing some of the 
anhydride. In order to obtain the latter substance the crude product was boiled with chloroform 
for 10 minutes. The solution acquired an intense greenish-yellow fluorescence and, on cooling, 
pale yellow needles (m. p. 166°, b. p. 193—195°/0-6 mm.) of the anhydride (of VI) separated 
(Found: C, 67-6; H, 4:5. C,,;H,,O, requires C, 67-8; H, 43%). Owing to the ease of 
dehydration the dicarboxylic acid could not be fully purified. This anhydride is formed instead 
of the ester if the cyclisation of the ethoxalyl derivative is conducted at — 5° instead of — 15°, 
but in this case some sulphonation also occurs. 

The imide of (VI) was obtained by heating a mixture of the anhydride (9 g.) and urea (4 g.) 
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at 190° until frothing ceased. The product (7-6 g.) crystallised from butyl alcohol in elongated 
yellow prisms, m. p. 263° (Found: N, 6-1. C,3;H,,O,;N requires N, 6-1%). 

6-Methoxy-1 : 2: 3: 4-tetrahydronaphthalene-| : 2-dicarboxylic Acid, Ethyl Ester, and 
Methylimide.—A solution of the ethyl methoxydihydronaphthalenedicarboxylate (13 g.), 
described above, in alcohol (50 c.c.) was shaken with palladised strontium carbonate (2 g. of 
2%) under hydrogen; the theoretical volume was absorbed in $ hour. The residue (12-9 g.), 
after filtration and removal of the solvent, distilled as a colourless oil, b. p. 192°/0-66 mm. 
(Found: C, 66-7; H, 7-2. C,,H,.O, requires C, 66-7; H, 7-2%). 

The acid was obtained on hydrolysis with hot 15% sodium hydroxide solution and subsequent 
acidification; it crystallised from aqueous alcohol in colourless prisms, m. p. 191° (Found: 
C, 62-5; H, 5-7. C,,;H,,O,; requires C, 62-4; H, 5-6%). 

The acid was dissolved in an excess of 33% aqueous methylamine, the solution distilled, and 
the residue heated (bath at 200°) for 1 hour and finally distilled under 0-6 mm. The distillate 
crystallised from methyl alcohol in colourless prisms, m. p. 126° (Found: C, 68-8; H, 6-2. 
C,,4H,,0,N requires C, 68-6; H, 6-1%). This methylimide was prepared as a reference compound 
in connexion with an entirely different investigation. 


The authors thank the Carnegie Trust for the Universities of Scotland for a scholarship 
awarded to one of them. 
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379. Experiments on the Synthesis of Substances related to the 
Sterols. Part XXV. 


By K. H. Lin and RoBEert RoBINson. 


1-Carbethoxy-1-methylcyclohexane-2 : 4-dione and m-methoxyphenylacetaldehyde have 
been synthesised with the idea that the condensation of these two compounds might 
yield the substance (I), from which the ester (II) described in Part IX (Robinson and 
Walker, J., 1936, 752) or a naphthalenoid analogue might be obtainable. 


CH, 
Hu, XoMe-co,kt 


Oc CO 


Model experiments on the condensation of phenylacetaldehyde and dimethyldi- 
hydroresorcinol showed, however, that the aldehyde condenses with two molecules 
of the ketone under a wide variety of corditions. 


CONDENSATION of methyl @-chloroethyl ketone with ethyl sodiomethylmalonate afforded 
ethyl methyl-B-acetylethylmalonate, CH,*CO*CH,°CH,°CMe(CO,Et), (III), and this was 
smoothly converted by sodium ethoxide into 1-carbethoxy-1-methylcyclohexan-2 : 4-dione 
(IV). m-Methoxyphenylacetaldehyde proved very difficult to prepare; it could not be 
obtained from m-methoxycinnamic acid or m-methoxyphenylglycidic acid by any of the 
processes applicable in the case of phenylacetaldehyde. It was eventually obtained by 
an adaptation of Stephen’s method of reduction of nitriles (J., 1925, 127, 1874), although 
even in this case special precautions in the hydrolysis of the aldimine stannichloride were 
found to be essential. The condensation of m-methoxyphenylacetaldehyde with (IV) 
was attempted, but no ketonic compound was isolated from the product. 

As a simple case we examined the condensation of piperonylacetaldehyde with di- 
methyldihydroresorcinol (dimedone) and obtained a ketone, characterised as a dinitrophenyl- 
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hydrazone. It appeared that the dimedone suffered loss of an tsopropylidene residue and 
a provisional interpretation is offered in the experimental section. 

Furthermore, the condensation of phenylacetaldehyde with dimedone was exhaustively 
studied, a variety of catalysts and conditions being used, and it invariably gave the 1 : 2 
product (V). This was dehydrated to (VI) under the influence of either acetic anhydride 
or phosphoric oxide. 


CH,Ph 
CO Ci ; cO CH CO 


CH prone CMe, ~ SOs: 
cot, - ~ dol ee r; 


(V.) (VI.) 


In continuation of an investigation adumbrated in Part XVI (Lin, Resuggan, Robinson, 
and Walker, J., 1937, 68), the lactone of 4-hydroxy-7-3' : 4'-dimethoxyphenylheptotc acid 
(VII) has been synthesised by methods similar to those previously used for the m-methoxy- 
analogue. It would have facilitated work along these lines if the direction of addition of 
hydrogen bromide to safrole (or eugenol methyl ether) could have been reversed by the 
peroxide effect (Kharasch). In the case of eugenol methyl ether some demethylation 
occurred (under the conditions recorded on p. 2C08 it was considerable) and therefore 
safrole was used in most of the experiments. The product of the reaction was 6-bromodi- 
hydrosafroie (VIII) under all the conditions tried. Kharasch and Potts (J. Org. Chem., 


Me H,-CH,CH,CH-CH,-CH, . a CH, CHBrCH, 
MeO | d ' 
O O *, 


(VIL.) (VIII.) 


1937, 2, 195) have, however, shown that allylbenzene is susceptible to the peroxide effect 
and hence it must be concluded that the methylenedioxy-group exerts a powerful anti- 
oxidant action (cf. Smith, Chem. and Ind., 1938, 57, 461). 

The work on the substance (VII) was initiated in the hope that y-bromopropylveratrole 
might become readily accessible and, pending the solution of the problem of reversing 
the direction of addition of hydrogen bromide to eugenol methyl ether and safrole, there 
is no advantage to be gained in pursuing the investigation. 


EXPERIMENTAL. 


Ethyl Methyl-B-acetylethylmalonate (III).—Methyl 6-chloroethyl ketone (Blaise and Maire, 
Bull. Soc. chim., 1908, 3, 268) (7-2 g.) was added to ethyl sodiomethylmalonate (from 13 g. 
of ethyl methylmalonate and 1-56 g. of powdered sodium) under dry ether (150 c.c.) and the 
mixture was refluxed for 1-5 hours and kept for 12 hours. The product was worked up in 
the usual manner and obtained as a colourless oil, b. p. 114—116°/0-4 mm. (Found: C, 58-8; 
H, 8:3. C,,H, O,; requires C, 59-0; H, 8-2%). 

1-Carbethoxy-1-methylcyclohexane-2 : 4-dione (IV).—A mixture of ethyl methyl-f-acetyl- 
ethylmalonate (11 g.), sodium ethoxide (4-6 g.), and dry alcohol (80 c.c.) was refluxed for 1 
hour. The yellow precipitate was collected and dissolved in water (80 c.c.), dilute sulphuric 
acid (45 c.c.) added gradually with stirring, the mixture extracted with ether, and the solvent 
evaporated; the residue crystallised after 2 weeks. The solid was washed with dry ether-— 
light petroleum (b. p. 40—60°) (1:1) and dried in a vacuum. The colourless crystals had 
m. p. 81-5—82-5° (Found: C, 60-4; H, 7:2. CH,,O, requires C, 60-6; H, 7-1%) (yield, 
36-4%). A reddish-brown colouration was developed with alcoholic ferric chloride. 

m-Methoxyphenylacetaldehyde.—m-Methoxyphenylacetonitrile (10 g.) was added to a solu- 
tion of anhydrous stannous chloride (19-3 g.) in dry ether (100 c.c.) saturated with hydrogen 
chloride at 0° and a slow stream of the gas was passed for 12 hours.. The yellow, crystalline 
aldimine stannichloride was collected, washed with ether, and decomposed, in the presence of 
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a Sérensen neutral phosphate buffer solution, by the addition of sodium hydroxide solution 
whenever necessary to preserve neutrality. The product was taken up in ether, the solvent 
removed, and the residual oil suspended in the phosphate buffer and distilled in steam. The 
aldehyde was isolated from the distillate by means of ether and distilled as an almost coloutless 
oil, b. p. 117—119°/13 mm. (Found: C, 71-5; H, 6:8. C,H, O, requires C, 72-0; H, 6-7%). 

The semicarbazone crystallised from aqueous alcohol in colourless prismatic needles, m. p. 
130—131° (Found: C, 58-2; H, 63; N, 20:3. Cy, 9H,,;0,N, requires C, 58-0; H, 63; 
N, 20-3%). 

6B-Bis-(1’ : 3’-diketo-5’ : 5’-dimethyl-2'-cyclohexyl)ethylbenzene (V).—Phenylacetaldehyde 
(2-32 c.c.) and then piperidine (8 drops) were added to a suspension of dimedone (5-6 g.) in 
alcohol (15 c.c.). The mixture was shaken, kept for 15 minutes, and then refluxed for $ hour. 
The precipitate crystallised from alcohol in white prisms (6-5 g.), m. p. 164—165° (Found : 
C, 75-4; H, 7-9. C,,H 0, requires C, 75-4; H, 7°8%). The ferric reaction in alcoholic solution 
was a dark-red coloration. Despite the repetition of the condensation under a large variety of 
conditions the required ethylidene derivative was not obtained. 

9-Benzyl-3 : 3: 6 : 6-tetramethyloctahydroxanthen-1 : 8-dione (V1).—This substance was pre- 
pared by an application of the method of Vorlander and Strauss (Aunalen, 1899, 309, 259) 
for the preparation of the corresponding phenyltetramethyloctahydroxanthendione. <A mixture 
of bis(diketodimethylcyclohexyl)ethylbenzene (2 g.) and acetic anhydride (8 c.c.) was refluxed 
for 3 hours and then added to water. The solid which gradually formed was dissolved in 
ether, and the solution washed with aqueous sodium carbonate and then with water, dried, and 
evaporated. The residue crystallised from light petroleum (b. p. 40—60°) and then from light 
petroleum-ethyl acetate (1:1) in colourless needles, m. p. 125—126° (Found: C, 79-0; 
H, 8-2. C,,H,,O0, requires C, 79-1; H,7-7%). The same substance was obtained when the bis- 
(diketodimethylcyclohexyl)ethylbenzene was treated with phosphoric oxide in boiling benzene 
solution. The product in this case crystallised from ethyl acetate in colourless needles, m. p. 
125—126°, alone or mixed with the specimen obtained as above (Found: C, 79-4; H, 7-7%). 
The substance gives no ferric reaction in alcoholic solution. 

2: 4-Dinitrophenylhydvazone of 6 : 7-Methylenedioxy-2-acetyl-1-methylnaphthalene.—A_ speci- 
men of piperonylacetaldehyde prepared by the method of Erdtman and Robinson (J., 1933, 1530) 
had polymerised to a hard glass, but it was resolved into the unimolecular form on distillation 
under diminished pressure. A mixture of the aldehyde (5-9 g.) and'dimethyldihydroresorcinol 
(5 g.) was heated at 160—165° for 4 hours; steam was allowed to escape at intervals. On 
cooling, the orange-yellow, viscous syrup set to a hard resin, which could be readily powdered 
and evidently could not contain as much as 3 g. of unchanged aldehyde. The product was 
dissolved in hot acetic acid (40 c.c.) and, after cooling, sulphuric acid (10 c.c.) was added; the 
mixture was then heated on the steam-bath for a few seconds and allowed to cool. Water 
and ether were added, and the ethereal solution was washed with water, aqueous sodium 
carbonate and sodium hydroxide solution, dried with sodium sulphate, and evaporated. The 
residue was dissolved in alcohol (50 c.c.) and acetic acid (5 ¢.c.) and, after the addition of 
Girard’s reagent-P (5 g.), the solution was refluxed for 15 minutes. Aqueous sodium acetate 
and ether were added to the cooled solution and after separation the aqueous layer was extracted 
with fresh ether and again separated. This aqueous solution clouded quickly and an oil was 
deposited, so, in spite of the addition of sodium acetate, it appeared that hydrolysis of the 
hydrazone was rapid and loss of the desired product by passage into the ethereal layers must 
have occurred at this stage. The hydrolysis was hastened by the addition of hydrochloric acid 
and the ketone was isolated by means of ether as an oil that showed a tendency to crystallise ; 
it was at once treated with Brady’s reagent diluted with an equal volume of alcohol. The 
red, amorphous precipitate obtained dissolved in ethyl acetate, but at once separated in a 
crystalline form. It was recrystallised from ethyl acetate, forming minute, diamond-shaped, 
glistening plates, m. p. 299—300° with vigorous decomp. and slight previous decomp. (Found : 
C, 58-5; H, 4:4; N, 13-9. C,.H,,O,N, requires C, 58-8; H, 3-9; N, 13-7%). 

The composition of the ketone corresponding to this formula for the dinitrophenylhydrazone 
is C,,H,,O, and, if this is correct, it appears that a molecule of acetone has been eliminated 
from ‘the dimethyldihydroresorcinol at some stage. The possible intermediate is acetylacetone 
and the formulation tentatively suggested at the head of the section is that anticipated from 
the cyclisation of a condensation product of piperonylacetaldehyde and acetylacetone. 

4-Keto-7-3' : 4'-dimethoxyphenylheptoic Acid.—A mixture of y-3 : 4-dimethoxyphenylbutyric 
acid (Haworth and Mavin, J., 1932, 1486) (33 g.), thionyl chloride (32 c.c.), and chloroform 
(150 c.c.) was refluxed for 1 hour. Chloroform and thionyl chloride were removed below 40° 
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under diminished pressure, benzene added to the residue, and the distillation resumed; this 
process was repeated. The dark red residue was kept over solid potassium hydroxide in a 
vacuum for some hours (yield, 41 g.). 

The procedure adopted for the synthesis of the keto-acid was similar to that used for 
4-keto-7-m-methoxyphenylheptoic acid (Part XVI, J., 1937, 69). y-3: 4-Dimethoxypheny]l- 
butyryl chloride (from 66 g. of the acid) was condensed with ethyl sodioacetylsuccinate (from 
100 g. of ester and 8 g. of sodium) in ethereal solution, and the isolated product was dissolved in 
alcohol (250 c.c.) and shaken for 22 hours with aqueous potassium hydroxide (3000 c.c. of 4-5%). 
The mixture of crude acids (68 g.) separated after acidification was esterified with diazomethane 
(from 110 g. of nitrosomethylurea). On distillation methyl dimethoxyphenylbutyrate and 
methyl 4-keto-7-3’ : 4’-dimethoxyphenylheptoate (21 g.), b. p. 195—198°/0-3 mm., were ob- 
tained. The keto-ester was hydrolysed by means of aquevus methanolic potassium hydroxide, 
and the keto-acid purified by the process described in Part XVI; it crystallised from benzene— 
light petroleum (b. p. 40—60°) (1:1) in colourless needles, m. p. 69—70° (Found: C, 64-2; 
H, 7:1. C,;H 0, requires C, 64:3; H, 7-1%). The semicarbazone crystallised from aqueous 
alcohol (50%) in colourless prisms, m. p. 158—159° (Found: C, 57-0; H, 6-7; N, 12:3. 
C,¢H,30,N, requires C, 57-0; H, 6-8; N, 12-5%). 

Lactone of 4-Hydroxy-7-3' : 4'-dimethoxyphenylheptoic Acid (V11).—This was prepared exactly 
as described in Part XVI (loc. cit.) for the m-methoxyphenyl analogue; the viscous colourless 
oil had b. p. 203—208°/0-22 mm. (Found: C, 68-0; H, 7-4. C,;H, O, requires C, 68-2; H, 
7:5%). This lactone was condensed with §-carbomethoxypropionyl chloride in the presence 
of aluminium chloride; the reaction appeared to proceed normally, but the product could not 
be induced to crystallise. 

Action of Hydrogen Bromide on Eugenol Methyl Ether in the Presence of Perbenzoic Acid.— 
Air and hydrogen bromide were passed during 5 hours into a solution of eugenol methyl 
ether (59 g.) in dry benzene (600 c.c.) along with perbenzoic acid (10 c.c. of 0-3N solution in 
benzene). At intervals of 2 days further quantities (5 c.c., making 25 c.c. in all) of the per- 
benzoic acid solution were added. After 8 days the product was isolated (86-5 g.) and fraction- 
ated: 156°/10 mm. (5-5 g.), largely eugenol methyl ether; 158—164°/9 mm. (65-3 g.), a nearly 
colourless, heavy oil; 167—177°/9 mm. (2 g.), reddish and very viscous. The main fraction 
was redistilled, b. p. 161—163°/10 mm. (43-1 g.) (b. p. 160—163°/10 mm. on redistillation) 
(Found: C, 49-6; H, 53; Br, 32-3. C,).H,,0,Br requires C, 49-0; H, 5-3; Br, 32-7%). 
The substance is therefore a hydroxymethoxybromopropylbenzene. It was probably contaminated 
with a little of the dihydroxy-derivative, because the ferric reaction in alcoholic solution was 
a deep green coloration. 

Addition of Hydrogen Bromide to Safrole-—Only one of the many experiments made is ‘here 
described. A mixture of freshly distilled safrole (8-1 g.), a solution of perbenzoic acid in benzene 
(2 c.c. of 0-3Nn), and benzene (100 c.c.) was saturated with hydrogen bromide (2 hours). On 
each of the next 7 days perbenzoic acid solution (1 c.c.) was added, and the mixture shaken 
and kept for 17 days. The mixture was then washed with water, dilute aqueous sodium carbon- 
ate, and again water and the benzene layer was separated, dried, and distilled. The fraction 
(6-5 g.), b. p. 145-5—153°/9-5 mm., was a colourless, mobile liquid and was identified as the 
known safrole hydrobromide; Robinson and Zaki (J., 1927, 2489) give b. p. 160°/16 mm. 

The addition of hydrogen bromide to safrole was also carried out (a) in the presence of 
a-heptenylheptaldehyde, and (b) in the presence of anhydrous ferric chloride. The same 
8-bromodihydrosafrole was obtained in both cases. The product was identical with the hydro- 
bromide made under ordinary conditions and it did not react with potassium phthalimide, 
which is an indication of sec.-bromide structure. 
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380. Experiments on the Synthesis of Substances related to the 
Sterols. Part XXVI. 


By RosBert Rosinson and J. M. C. THOMPSON. 
(1) The diketone (I) is an objective as an intermediate in an oestrone synthesis. 
CH,—CO At ‘CO,H 
A a 


Oe: wa H a Nee CHyCOH qr) 
MeO: 
. A it 


Starting with pe ee bromide, ethyl cyanoacetate and methyl A®-dihydro- 
muconate, the acid (II) has been obtained, but the overall yield was not encouraging. 

(2) The Friedel-Crafts succinoylation of methyl y-(6-methoxy-3 : 7-dihydro-1-naph- 
thyl)butyrate was previously carried out in carbon disulphide solution and gave the 
5-succinoy] derivative (Robinson and Walker, this vol., p. 183). It is now found that, 
in nitrobenzene solution, a small quantity of an isomeric acid (the 2- or 4-succinoyl 
derivative) is produced, but the main product is the same as that previously obtained. 
When a chlorine atom was introduced in the 5-position, no succinoylation could be 
effected and this attractive route was therefore blocked. 

Some substances derived from 1-chloro-2-methoxynaphthalene are described. 


(1) In the series of reactions mentioned below it was originally intended to use ethyl 
«-furylacetoacetate instead of ethyl cyanoacetate or ethyl malonate with the idea of subse- 
quently oxidising the furyl nucleus to carboxyl. Furylacetic acid is, however, not readily 
accessible (cf. Runde, Scott, and Johnson, J. Amer. Chem. Soc., 1930, 52, 1284; Reichstein, 
Ber., 1930, 63, 749; Erlenmeyer and Stadlin, Annalen, 1904, 337, 283), and for this reason 
we made a ketonic ester (III) from methronic acid which might have served just as well. 
In view of our later experiences it seemed hopeless to persevere with this idea. The scheme 

oC. /CH2°CO-CH,°CO,Et CO,Et-CH,CH-CH,"CH,°CO,Et 
(III.) Me/ Y CN-C-CO,Et (IV.) 
sates CH,-CH,Ph 
ait, 
of synthesis was therefore tested 3 in a simpler case. 

Farmer (J., 1923, 128, 3324) has shown that esters of A®-dihydromuconic acid are in 
equilibrium with those of A*-dihydromuconic acid in the presence of basic catalysts and 
that in Michael additions the Sy-unsaturated ester may be employed instead of the 
«§-isomeride. 

Methyl A®-dihydromuconate and ethyl cyanoacetate gave an adduct, which was 
hydrolysed with formation of 6-carboxymethyladipic acid. Phenylethylation, followed by 
hydrolysis, or hydrolysis of the adduct (IV) of methyl A*-dihydromuconate and ethyl «- 
cyano-y-phenylbutyrate, afforded (V). The cyclisation of (V) to the keto-dibasic acid (II) 
was effected by means of sulphuric acid. 

CH,°CO,H CH,°CH,°CH,°CO,H 
CO,H CH 


We 
ve ‘cH \CH,:CH,°CO,H (VE) 
Si O-CH,’CH,-CO,H 
Hy 


(2) Although 2-methoxynaphthalene is acylated in Friedel-Crafts reactions in carbon 
disulphide in the 2-position, Haworth and Sheldrick (J:, 1934, 864; cf. Short, Stromberg, 
and Wiles, J., 1936, 319) showed that the 6-position is attacked in a nitrobenzene medium. 

The succinoylation of methyl y-(6-methoxy-3 : 4-dihydro-1-naphthyl)butyrate (loc. cit.) 
in carbon disulphide solution was found to be accompanied by disproportionation and acids 
Cyg9H gO, and C,,H,,0, were isolated. The former was recognised as the 5-succinoyl 
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derivative of y-(6-methoxy-l-naphthyl)butyric acid. When nitrobenzene was used, this 
substance was still the main product, but an isomeride was also obtained, probably (VI). 
Hindrance in the 2-position is indicated by the fact that y-(5-chloro-6-methoxy-1-naphthy])- 
butyric ester could not be succinoylated (o0- and feri-hindrance), whereas 1-chloro-2- 
methoxynaphthalene afforded 6-(5-chloro-6-methoxy-2-naphthoyl)propionic acid (VII) in 
good yield. 


wm) CO-CH,-CH,*CO,H aa OO wn 


1 


Oxidation of (VII) with alkaline hypochlorite gave about pie amounts (39% yield each) 
of the aldehyde (VIII) and the corresponding acid. 1- and 4-Keto-8-chloro-7-methoxy- 
1:2:3: 4-tetrahydrophenanthrenes have been prepared. 


EXPERIMENTAL. 


Ethyl a-Cyano-y-phenylbutyrate—The mono-phenylethylation of ethyl cyanoacetate is even 
more difficult than that of ethyl malonate (cf. Cohen, Marshall, and Woodman, J., 1915, 107, 
895) and the formation of a considerable proportion of disubstituted ester could not be avoided. 

The condensation was Carried out under the usual conditions with ethyl cyanoacetate (68 g. ; 
2 mols.), sodium (6-9 g.), alcohol (160 c.c.), and B-phenylethyl bromide (55 g.; 1 mol.); the 
mixture was refluxed for 4 hours. There were obtained 39 g., b. p. 170—173°/10 mm., nj" 
1-5008 ; redistilled, b. p. 182—183°/17 mm., m unaltered (Found: C, 71-5; H, 7-1. C,,;H,,0,N 
requires C, 71-9; H, 69%). The corresponding acid, obtained after hydrolysis of the ester 
with 20% aqueous sodium hydroxide for 2 hours at 0°, crystallised from benzene-light petroleum 
(b. p. 60—80°) in rhombic plates, m. p. 74-5° (Found: N, 7-4. C,,H,,0,N requires N, 7-4%). 

5-Carboxy-4-carboxymethyl-7-phenylheptoic Acid (V).—Methyl and ethyl A?-dihydromu- 
conates were obtained by Farmer’s method (J., 1923, 123, 2541) in 50—54% yield calculated on 
the mucic acid employed. It was found that the crude chlorinated ester intermediates could be 
reduced directly without fractionation. 

(A) Ethyl cyanophenylbutyrate (26 g.) and then methyl A*®-dihydromuconate (21-5 g.) 
in ether (100 c.c.) were successively added to a solution of potassium ethoxide (4-8 g. of potassium) 
in alcohol (35 c.c.). The mixture was refluxed for 10 minutes and kept for 2 days. The pro- 
duct, isolated by means of ether, was a very viscous, pale yellow oil, b. p. 215—230°/0-5 mm. 
(almost all at 220—225°) (22 g. or 46%); mj 15100. When ethyl A’-dihydromuconate was 
used, the product had b. p. 225—230°/0-4 mm. The analyses gave unsatisfactory results for 
carbon but the anticipated value for nitrogen. 

(B) Ethyl cyanoacetate (26 g.) and methyl A®- -dihydromuconate (20 g.) were successively 
added to a solution of sodium ethoxide (3-5 g. of sodium) in alcohol (80 c.c.). The mixture 
was refluxed for 2 hours and kept for 2 days. On working up in the usual fashion, 26 g. (79%), 
b. p. 178—180°/0-3 mm., were obtained. On hydrolysis with boiling hydrochloric acid, 
6-carboxymethyladipic acid, m. p. 123°, was obtained (cf. Farmer, loc. cit.). This adduct (25 g.) 
was added to a suspension of powdered potassium (3 g.) in toluene (300 c.c.), and the mixture 
refluxed until a clear solution was obtained. After the addition of $-phenylethyl bromide 
(20 g.) the refluxing was continued for 16 hours; a further quantity of the bromide (5 g.) was 
then introduced, and the mixture refluxed for 12 hours more. The solution was washed with 
aqueous sodium carbonate and with water, dried, and distilled. After toluene, there were 
obtained 10 g., b. p. 160—210°/0-4 mm. (mainly 175—180°), consisting of unchanged ester, and 
12-5g., b. p. 210—225°/0-4 mm., apparently identical with the ester obtained as in (A) above (IV). 

The ester from (A) or (B) (20 g.) was hydrolysed by boiling for 8 hours with an excess of 
20% aqueous alcoholic potassium hydroxide, followed by isolation of the acid product and 
boiling of this with concentrated hydrochloric acid for 8 hours. The oil, isolated in the 
known manner, did not crystallise and was esterified by means of diazomethane. The 
resulting methyl ester had b. p. 200—205°/0-7 mm. (8 g.) and on hydrolysis with 20% aqueous 
potassium hydroxide gave a syrupy acid, which crystallised on long contact with ethyl 
acetate—light petroleum (b. p. 40—60°). The tricarboxylic acid crystallised from ether—light 
petroleum (b. p. 40—60°) and then from water as a sandy crystalline powder, m. p. 139—140° 
(Found: C, 62-4; H, 6-5. C,,H,.O, requires C, 62-3; H, 6-5%). 

8-(1-Keto-1 ; 2:3: 4-tetrahydro-2-naphthyl)adipic Acid (II).—The above tricarboxylic acid was 
dissolved in 20 times its weight of sulphuric acid at 0°, and the solution kept for 40 minutes at 0°. 
After the addition of ice, the product was isolated and crystallised from ethyl acetate—light 
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petroleum (b. p, 40—-60°) and then from water. Several recrystallisations were necessary in 
order to remove the unchanged material, but the pure acid was eventually obtained in rhom- 
bohedra, m. p. 158-—159° (Found: C, 66-6; H, 62. C,,H,,0, requires C, 66-2; H, 6-2%). 
The keto-group in this substance is inert and no semicarbazone could be obtained as was the 
case with the somewhat similarly constituted 1-keto-2-(tvans-2’-carbomethoxycyclopentyl)- 
1:2:3:4-tetrahydronaphthalene (Rapson and Robinson, J., 1935, 1533). 

Ethyl 4-Carbethoxy-5-methylfuran-2-acetoacetate (II1)—Monoethyl methronate (Trephilieff, 
Ber., 1906, 39, 1860) (10-5 g.), by the thionyl chloride-ether—pyridine method, gave the acid 
chloride, b. p. 124—127°/0-5 mm. (4-8 g.). This substance (11-5 g.) was condensed with ethyl 
sodioacetoacetate (6-5 g. of the ester), and the product hydrolysed according to the general 
method of Claisen (A mnalen, 1896, 291, 67). The keto-ester (5-2 g.) had b. p. 150—157°/14 mm. ; 
it redistilled as a pale yellow, limpid oil, b. p. 153—156°/14 mm. (3-1 g.) (Found: C, 60-1; 
H, 6-7. C,4H,,O, requires C, 59-6; H, 6-4%). It gave a ferric reaction in alcoholic solution 
and rapidly darkened in the air. 

Condensation of Methyl y-(6-Methoxy-l-naphthyl)butyraie with 8-Carbomethoxypropionyl 
Chloride in the Presence of Aluminium Chloride in Nitrobenzene Solution,—Methyl methoxy- 
naphthylbutyrate (6:1 g.) and carbomethoxypropionyl chloride (5-2 g.) were gradually and 
alternately added to a well-stirred solution of aluminium chloride (7-5 g,) in nitrobenzene 
(65 c.c.) below 0°. After 36 hours at room temperature the product was isolated (and methy]l- 
ated) exactly as described by Robinson and Walker (loc. cit.) except that longer steam-dis- 
tillation was necessary in order to remove the nitrobenzene. : The solid was extracted twice 
with boiling light petroleum (b. p. 40—60°), very little passing into solution, and once with hot 
water. After drying, it was dissolved in ethyl acetate (100 c.c.), filtered from a few flocks, 
mixed with benzene (100 c.c.), and kept in the ice-box. The crystals (2-6 g.) consisted of almost 
pure y-(6-methoxy-5-succinoyl-l-naphthyl)butyric acid and gave a good yield of 1-keto-7- 
hydroxy-1 : 2: 8: 4-tetrahydrophenanthrene (dinitrophenylhydrazone of the methyl ether, m. p. 
304°) on boiling with concentrated hydriodic acid. After recrystallisation the acid had m. p. 
157°, alone or mixed with the specimen previously obtained. 

The mother-liquor was mixed with light petroleum (1-5 vols., b. p. 40—-60°) and kept below 
0° for a few days; it deposited a greenish-grey crystalline crust, which was treated with boiling 
acetone (10 c.c.) and again chilled. The solid crystallised from aqueous acetic acid in colourless 
prismatic needles, m. p. 201—202° (Found in material dried at 100°: C, 65-7, 66-1; H, 6-4, 6:0. 
C19H, O, requires C, 66-3; H, 5-8%). The acid is ketonic (yellow dinitrophenylhydrazone, 
soluble in aqueous sodium carbonate) and saturated to permanganate, On demethylation 
with hydriodic acid, a B-naphthol derivative (red azo-compound) was produced and, on methyl- 
ation, the original acid, m. p. 200—201°, was regenerated. Hence this substance is doubtless 
y-(6-methoxy-2- or 4-succinoyl-1-naphthyl)butyric acid. As there was no evidence of the formation 
of a neutral ketone on strong heating with acetic anhydride and distillation to incipient decom- 
position, the succinoy] group is perhaps. to be located in position 4 (VI) with the greater 
probability. 

y-(5-Chloro-6-methoxy-1-naphthyl)butyric Aci4.—This acid is the main product of the action 
of phosphorus pentachloride on methoxynapt thylbutyric acid, but cyclisation also occurs and 
it is better to chlorinate the methyl ester. On hydrolysis of the product (below) the acid is 
obtained and this separates from alcohol or acetic acid in colourless leaflets, m. p, 189—190° 
(Found: C, 64:3; H, 5-6. C,,H,,0,Cl requires C, 64-6; H, 5-4%). 

The methyl ester was obtained by heating a mixture of methyl y-(6-methoxy-1-naphthy])- 
butyrate (6-25 g.) and phosphorus pentachloride (5-3 g.) for 10 minutes on the steam-bath. 
After decomposition with water, the product was collected, washed, and crystallised from methyl 
alcohol. The glistening, colourless plates (6-2 g.) had m. p. 765° (Found: C, 65-8; H, 5-7; 
Cl, 12:3. C,,H,,O,Cl requires C, 65-7; H, 5-8; Cl, 12-1%). . When an attempt was made to 
condense this ester with B-carbomethoxypropiony] chloride under the conditions prescribed above 
for the chlorine-free ester, no succinoylation occurred and the above chloro-acid was recovered 
as the sole product. ' 

8-Chlovo-1-keto-7-methoxy-1 : 2:3: 4-tetrahydrophenanthrene—A mixture of -y-(5-chloro-6- 
methoxy-1l-naphthyl)butyric acid (0-6 g.), sulphuric acid (6 c.c,), and water (2 c.c.) was heated 
for 30 minutes at 100°, then diluted with water, and the precipitate collected. The material 
was triturated with hot dilute aqueous sodium hydroxide, collected, washed with water, and 
crystallised (0-48 g.) from acetic acid. The ketone crystallised from ethyl acetate (charcoal) 
in colourless, prismatic needles, m. p. 219—220° (Found: C, 68-8; H, 5-0. C,;H,,0,Cl requires 
C, 69-1; H, 5-0%). 

B-(5-Chloro-6-methoxy-2-naphthoyl)propionic Acid (VII).—1-Chloro-2-methoxynaphthalene 
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(14-4 g.) and §-carbomethoxypropiony] chloride (12-4 g.) were added gradually and alternately 
during 15 minutes to a solution of aluminium chloride (20 g.) in nitrobenzene (60 c.c.), cooled in a 
freezing mixture and well shaken. After 36 hours at room temperature, ice was added, and the 
nitrobenzene distilled in steam. On cooling, the residue solidified; it was collected, hydrolysed 
by means of hot 10% aqueous sodium hydroxide, and the acid isolated as usual. It crystallised 
from ethyl alcohol (charcoal) in colourless, glistening plates, m. p. 199—200° (yield, 17 g. or 
78%) (Found: C, 61-2; H, 4-5; Cl, 12-3. C,;H,,0,Cl requires C, 61-5; H, 4-4; Cl, 12-1%). 

The methyl ester, prepared by refluxing the acid with 15% methyl-alcoholic hydrogen 
chloride, crystallised from methyl alcohol in plates, m. p. 156° (Found: C, 62-4; H, 4:8. 
C,.H,,0,Cl requires C, 62-6; H, 4-9%). 

8-(6-Hydroxy-2-naphthoyl)propionic Acid.—A mixture of chloromethoxynaphthoylpropionic 
acid (1 g.), hydriodic acid (8 g., d 1-7), acetic acid (29 c.c.), and water (1 c.c.) was refluxed for 
18 hours, then cooled, diluted with water, and free iodine removed by passage of sulphur dioxide. 
The solid was collected, washed with water, and crystallised from aqueous alcohol, being obtained 
in prismatic needles, m. p. 235° (decomp.) (Found : C, 68-8; H, 5-0. C,,H,,0, requires C, 68-9; 
H, 4:9%). The yellow solution in aqueous sodium carbonate exhibited an intense green 
fluorescence. The bright scarlet p-nitrobenzeneazo-derivative dissolved in sulphuric acid to an 
eosin-red solution. 

5-Chloro-6-methoxy-2-naphthoic Acid.—A solution of chloromethoxynaphthoylpropionic acid 
(3 g.) in an alkaline hypochlorite solution (300 c.c., 0-5N-sodium hydroxide; 0-25m-sodium 
hypochlorite) was heated for 20 minutes on the steam-bath and then boiled for 20 minutes. A 
solid (see below) separated during this period and the liquid was filtered hot and then acidified by 
the passage of sulphur dioxide. The precipitated acid (0-95 g.) crystallised from alcohol in 
slender needles, m. p. 305° (Found: C, 60-7; H, 3-8. C,,H,O,Cl requires C, 60-9; H, 3-9%). 
Demethylation and dechlorination by means of boiling hydriodic acid in acetic acid solution 
afforded 6-hydroxy-2-naphthoic acid, m. p. 240° (Butler and Royle, J., 1923, 123, 1654), which 
exhibited the distinctive purple fluorescence in alkaline solution. 

5-Chloro-6-methoxy-2-naphthaldehyde (VIII).—The solid (0-88 g.), obtained in the course of 
the experiment last described, crystallised from alcohol in colourless prisms, m. p. 141° (Found : 
C, 65-2; H, 4-2; Cl, 16-0. C,,H,O,Cl requires C, 65-3; H, 4-1; Cl, 16-1%). On oxidation with 
alkaline potassium permanganate it gave 5-chloro-6-methoxy-2-naphthoic acid, m. p. and 
mixed m. p. 305°. The 2: 4-dinitrophenylhydrazone was very sparingly soluble in most organic 
solvents; it crystallised from toluene in red prisms, m. p. 315° (decomp.) (Found: N, 13-9. 
C,,H,,;0,N,Cl requires N, 14-0%). 

8-(5-Chloro-6-methoxy-2-naphthyl)acrylic Acid.—A mixture of chloromethoxynaphthaldehyde 
(0-8 g.), malonic acid (0-8 g.), a drop of piperidine, and pyridine (5 c.c.) was heated on the steam- 
bath for 3 hours. The acid then precipitated by dilute hydrochloric acid was collected, washed, 
and dried. It was sparingly soluble in most organic solvents and crystallised from much acetic 
acid in prisms, m. p. 310° (Found: C, 63-9; H, 4:3; Ci, 13-2. C,,H,,O,;Cl requires C, 64-0; 
H, 4-2; Cl, 13-5%). 

y-(5-Chloro-6-methoxy-2-naphthyl)butyric Acid.—A mixture of chloromethoxynaphthoyl- 
propionic acid (4 g.), toluene (20 c.c.), amalgamated zinc filings (20 g.), hydrochloric acid (16 c.c.), 
and water (20 c.c.) was refluxed for 12 hours with further additions of hydrochloric acid (2 c.c.) 
every 2 hours. The product was isolated by extraction with ethyl acetate and washing of the 
concentrated solution with aqueous sodium carbonate. The alkaline solutions were acidified, 
and the precipitate collected and crystallised from aqueous alcohol, being obtained in colourless 
plates (1-9 g.), m. p. 137—138° (Found: C, 64:2; H, 5-4. C,;H,,0,Cl requires C, 64-6; 
H, 5-4%). 

8-Chloro-4-keto-7-methoxy-1 : 2: 3 : 4-tetrahydrophenanthrene.—A mixture of chloromethoxy- 
naphthylbutyric acid (0-4 g.), sulphuric acid (3 c.c.), and water (1 c.c.) was heated at 100° for 
30 minutes. The neutral product, freed from acid by washing in ethereal solution with dilute 
aqueous sodium ‘hydroxide, crystallised from methyl alcohol in colourless prisms (0-275 g.), 
m. p. 169—170° (Found: C, 69-3; H, 5-2. C,;H,,0,Cl requires C, 69-1; H, 5-0%). The 
ketonic properties were qualitatively observed by the ready formation of a sparingly soluble, 
yellow benzylidene derivative and an orange-red dinitrophenylhydrazone. 


The authors are grateful to the Carnegie Trust for the Universities of Scotland for a scholar- 
ship awarded to one of them. 
Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, November 14th, 1938}. 
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381. Some Derivatives of 3-Carboline. 


By R. H. FREAK and ROBERT ROBINSON. 


The method of preparation of 3-carboline has been improved, and the behaviour 
of the base on alkylation studied. 1-2’-Pyridyl-1 : 2 : 3-benztriazole is decomposed 
with formation of 3-carboline when it is heated in syrupy phosphoric acid solution. 
The metho-salts of the colourless base are decomposed by alkalis with formation of 
yellow 3-methyl-3-isocarboline. 


NH NMe NMe . NMe 
aed + 
SO,Me (A.) (B.) 


Alkylation of methylisocarboline involves attack of the centrally situated nitrogen 
atom and the sequence is analogous to that observed in the glyoxaline, pyrazole, and 
* harmine series. Methylisocarboline is a typical anhydronium base and, as suggested 
by Armit and Robinson (J., 1925, 127, 1604), the constitutions of all such substances 
are not to be expressed by either of the formule types (A) and (B), but by an inter- 
mediate form, in fact by what is now termed a resonance hybrid. The opposing 
tendencies resulting in a compromise are clear enough in these cases; they are the 
tendency of (A) to render the heterocyclic nuclei aromatic and the tendency of (B) 
to effect neutralisation of the betaine charges by electromeric displacements. 


AccorDING to the current theory of heterocyclic aromatic nuclei (cf. J., 1917, 111, 964; 
1918, 113, 640; 1919, 115, 943; 1921, 119, 1607; 1922, 121, 437, 827) the tertiary nitrogen 
atom of pyrazole and glyoxaline is of pyridine nitrogen function and is the seat of the 
basic character; alkylation, for example, occurs at this point and is not a substitution 
reaction of the imino-groups. The same view applies when the aza- and imino-centres 
are in separate nuclei as in the carbolines. In the case of harmine (I) precise experimental 
proof is available showing that the following scheme is valid (Kermack, Perkin, and 
Robinson, J., 1922, 121, 1872; Iyer and Robinson, J., 1934, 1636) : 
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Methylharmine (II) is a yellow base, quite different in character from harmine, but ind-N- 
methylharmine (III) resembles the parent substance. Methylation of 5-carboline also 
affords a yellow base of the iso-series ([V) (Robinson and Thornlvy, J., 1924, 125, 2169) 
and we have now found that 3-carboline behaves in the same way (formule in the summary 
above). So far as we are aware, 6-carboline has not yet been prepared, but quindoline 
is a derivative of it and this also is alkylated under neutral conditions at the tertiary 
nitrogen atom. (In the presence of strong bases quindoline is alkylated at the secondary 
nitrogen, but this is probably consequent on the removal of a proton.) Thus all the 
carbolines behave in a similar fashion on alkylation. The two nitrogen atoms of 3-carboline 
are alkylated successively, because two different methylethyl-3-carbolinium iodides are 
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produced depending on the order of introduction of the methyl and ethyl groups. On 
reduction with sodium and butyl alcohol 3-carboline affords 3-y-aminopropylindole (V) 
along with other products. 


CH, 
\cH, J 
s /CH, 
SW NH, N 
_ (Vv) (VI.) H = (VIL) 


2-Chloropyridine and 1 : 2-diaminonaphthalene condense with formation of an amino- 
naphthylaminopyridine and it is assumed that the 8-amino-group of the naphthylene- 
diamine has entered into the reaction, This is very probable because $-naphthylamine 
is a stronger base than a-naphthylamine and moreover the a-amino-group is the more 
subject to ‘‘hindrance.’’ The corresponding isoériazole is (VI), and when this is heated 
with phosphoric acid, 9 : 10-benzo-3-carboline (VII) is obtained. 


EXPERIMENTAL. 


3-Carboline.—The following method was indicated by Robinson and Thornley (J., 1924, 
125, 2169), but no details were given. 1-2’-Pyridyl-1: 2: 3-benztriazole (5 g.), mixed with 
syrupy phosphoric acid (25 c.c., d 1-8), was heated until the vigorous evolution of nitrogen 
ceased ;. the mixture was then allowed to cool. A hot solution of picric acid (10 g.) in alcohol 
(150 c.c.) and then hot water (50 c.c.) were added and, after cooling, the precipitated picrate 
was collected and washed with warm water. It was decomposed by heating with aqueous sodium 
hydroxide (250 c.c. of 8%), the base collected and dissolved in a little dilute hydrochloric acid, 
and the filtered solution kept for a few hours. The hydrochloride, which crystallised, was 
collected, dissolved in water, and basified with ammonia. The 3-carboline crystallised from 
alcohol or toluene in colourless needles (1 g.), m. p. 211°. 

3-Carboline Methosulphate—A solution of pure methyl sulphate (2-0 g., b. p. 74—76°/13 
mm.) in pure dry toluene (10 c.c.) was gradually added to one of 3-carboline (1-0 g.) in hot dry 
toluene (50 c.c.). The salt, which separated, crystallised from hot acetone (50 c.c.), to which 
just sufficient methyl alcohol had been added to bring about complete solution, in flat, nearly 
square, prisms, m. p. 204—205°. Long ‘prismatic needles were obtained from the mother- 
liquor (m. p. 201—202°; mixed m. p., 199—203°). On one occasion this form was deposited 
first and changed into the flat prisms in contact with the solvent (Found in material dried at 
105° in a vacuum : C, 53-5; H, 4-8. C,,;H,,0,N,S requires C, 53-1; H, 4:8%). 

The methiodide, formed by the action of sodium iodide on the methosulphate in aqueous 
solution, crystallised from water in long needles, which were dried at 100° and then had m. p. 
208° (Found in material dried for a long time at 120° in a high vacuum: C, 46-6; H, 3-9; 
N, 9-0. C,,H,,N,I requires C, 46-5; H, 3-5; N, 9-0%). 

3-Methyl-3-isocarboline (A).—Addition of sodium hydroxide to an aqueous solution of the 
methosulphate precipitated a yellow oil, which crystallised on trituration. It was found best 
to isolate the substance by means of ether, in which, however, it was rather sparingly soluble. - 
The base separated in bright yellow crystals on slow evaporation of its solution in acetone; 
m. p. 138—139° after softening from 135° (Found in material dried at 100° without loss of 
weight : C, 79:1; H, 5-5. C,,H,)N, requires C, 79-1; H, 5-5%). 

3-Methyl-1-ethylcarbolinium Iodide.—This salt was formed by the union of 3-methyl-3- 
isocarboline and ethyl iodide (excess) in hot benzene solution. It separated from alcohol in 
almost colourless, prismatic needles, m. p. 195° (Found in material dried at 120°: C, 49-7, 
49-4; H, 49,48; N, 8-0, (C,,H,,N,I requires C, 49-7; H, 4-4; N, 83%). Treatment of an 
aqueous solution of this salt with sodium hydroxide affords no base soluble in benzene, ether 
or ethyl acetate. In the preparation of this substance, a small quantity of a much more 
sparingly soluble salt was obtained, m. p. 232° (Found: C, 49-6; H, 4:-7%). The constitution 
of this iodide has not been ascertained. 

3-Carboline ethosulphate, prepared like the methosulphate, ethyl sulphate being used, 
crystallised from acetone in long prisms, m. p. 114—115° (Found: C, 55-6; H, 5-6. 
C,,H,,0,N,S requires C, 55-9; H, 5-6%). 

3-Ethyl-3-isocarboline, obtained from the ethosulphate by the action of sodium hydroxide 
in aqueous solution, was a bright yellow substance, readily soluble in alcohol, acetone, benzene 
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and chloroform. It crystallised in flat square plates, m. p. 102°, from chloroform-light 
petroleum (Found: C, 79-4; H, 6-4; N, 13-6. C,,3H,,N, requires C, 79-6; H, 6-1; N, 14:3%). 
The base dissolved readily in dilute sulphuric acid and the addition of sodium iodide precipitated 
3-carboline ethiodide, which was also obtained from the above ethosulphate in a similar manner. 
The salt crystallised from water or alcohol in long prisms, m. p. 199—200° (Found: C, 48-1; 
H, 4:1; N, 8-5. C,,;H,,N,I requires C, 48-3; H, 4-0; N, 8-6%). 

1-Methyl-3-ethylcarbolinium lodide.—3-Ethyl-3-carboline was brought into reaction with 
methyl] sulphate (2 mol.) in hot dry toluene solution and the product, which was easily soluble 
in water and methyl alcohol, was directly converted into the iodide in the usual way. This was 
crystallised four times from water, a coloured by-product separating first. The larger crystals 
of the salt had a somewhat higher m. p. than the smaller ones; the highest value observed 
was 209-5° (sharp) (Found: C, 49-5; H, 4-7; N, 82. C,,H,,N,I requires C, 49-7; H, 4-4; 
N, 8-3%). 

Reduction of 3-Carboline. Formation of 3-y-Aminopropylindole-—A number of experiments 
on the reduction of the base by means of sodium (excess) and butyl alcohol were conducted in 
test-tubes, and the products combined. The solutions, which became yellow and then colour- 
less, a stage which was taken to indicate the completion of the reaction, were rendered acid by 
means of dilute hydrochloric acid and extracted with benzene-ether. The extract was found 
by the Ehrlich test to contain a neutral indole derivative, probably 3-propylindole. The 
aqueous solutions were concentrated in a vacuum and basified, and the base isolated by means 
of ether; it gave a strong Ehrlich reaction. The oily product, when heated with an 
approximately equal weight of phthalic anhydride, afforded phthalo-y-3’-indolylpropylimide, 
which was washed with ether, crystallised from alcohol, and obtained in plates, m. p. 132° 
alone or mixed with a specimen prepared by the method of Jackson and Manske (J. Amer. 
Chem. Soc., 1930, 52, 5029). 

1 : 2-Diaminonaphthalene.—The method of Bamberger and Schieffelin (Ber., 1889, 22, 
1376) has been modified as follows. Aniline (90 g.) was diazotised, and the product coupled 
with $-naphthylamine in aqueous alcoholic solution in the presence of sodium acetate. The 
moist azo-compound, pressed as far as possible, weighed 400 g. This product (40 g.) was 
dissolved in boiling acetic acid (1000 c.c. of 20%), and zinc dust added until a clear golden- 
yellow solution resulted and dark oily drops had disappeared. The filtered solution was mixed 
with dilute sulphuric acid, the separated sulphate basified with aqueous sodium hydroxide 
(150 c.c. of 10%) in the presence of a little sodium hyposulphite, and the base distilled; b. p. 
150—170°/1 mm., m. p. 95—96°. 

3-2’-Pyridyl-B-naphthaisotriazole (VI).—A mixture of 2-chloropyridine (38 g.) and 1: 2- 
naphthylenediamine (53 g.) was heated (oil-bath at 140—150°) under 100 mm. for 9 hours; 
the mass then became viscous. After cooling, the clear brittle solid was dissolved in alcohol, 
concentrated hydrochloric acid (50 c.c.) added, and sodium nitrite (20 g.), dissolved in a little 
water, gradually introduced with stirring. The precipitate (50 g.) was collected, washed with 
alcohol, and dried. The isofriazole crystallised from alcohol in pale brownish, thick needles, 
m. p. 159° (Found: C, 73-3; H, 4-4; N, 22,9. C,,H,oN, requires C, 73-2; H, 4-0; N, 22-8%). 

9 : 10-Benzo-3-carboline (VII).—A mixture of the above pyridylnaphthaisotriazole (5 g.) and 
phosphoric acid (30 c.c., previously concentrated by heating until the temperature of the liquid 
reached 220°) was heated at 160—170°/12 mm. Owing to frothing the pressure had to be 
increased towards the end of the operation. The product was cooled, a hot solution of picric 
acid (8 g.) in alcohol (200 c.c.) added, and the yellow picraie collected; after three crystallisations 
from nitrobenzene, it had decomp. 300° (Found : C, 56-6; H, 3-1; N, 15-8. C,,;H,)N,,C,H,O,N, 
requires C, 56-4; H, 2-9; N, 15:-7%). The picrate was decomposed with aqueous sodium 
hydroxide at 90°, and the base isolated ; it crystallised from alcohol and from toluene in colour- 
less needles, m. p. 256° (Found: C, 82-2; H, 4:9; N, 13-0. C,,H, N, requires C, 82-6; H, 
4-6; N, 12-8%). The hydrochloride was a pale yellow, microcrystalline powder; the hydrogen 
oxalate crystallised from alcohol in long thin prisms; the hydrogen tartrate crystallised from 
alcohol in bunches of feathery crystals consisting of irregular elongated prisms. 

The reduction of the base with sodium and butyl alcohol was investigated, but no pure 
compounds could be isolated. Evidence was obtained that neutral and basic naphthindole 
derivatives were formed. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, November Ist, 1938.] 
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382. Researches in the Thujone Series. Part I. The Thujones and 
some Thujyl Alcohols and Thujylamines. 


By ANDREW G. SHORT and JOHN READ. 


The stereochemical relationship of the so-called “‘ a-thujone” of thuja oil to 
“‘ 8-thujone ” of tansy oil is similar to that of /-menthone to d-isomenthone. The 
stereochemically homogeneous thujones have now been prepared for the first time, and it 
is proposed to name them /-thujone and d-isothujone, respectively, and to bring the 
nomenclature of the derived thujyl alcohols and thujylamines into line with that of the 
corresponding alcohols and amines in the menthone and carvomenthone series. Two 
stereochemically pure thujyl alcohols and also two pure thujylamines are described : 
these are optically active; one of each is derived from /-thujone, and its stereoisomeride 


from d-isothujone. 


THE thujones (I), together with the related thujyl alcohols (II) and thujylamines (III), 
are substances of pronounced chemical and stereochemical interest; but, in spite of the 
considerable attention which has been devoted to their study (see, e.g., Wallach, “‘ Terpene 
und Campher,” Leipzig, 1914, 505; Simonsen, ‘‘ The Terpenes,’’ Cambridge, 1932, 2, 21 
et seq.), it is questionable whether any of them, with one possible exception, has hitherto 
been obtained in a state of stereochemical homogeneity. The thujone molecule contains 
three dissimilar asymmetric carbon atoms; but since two of these are joined by a diagonal 
link, which inhibits the cis-trans effect, the possibilities of stereoisomerism are reduced to 
those of a molecular system containing only two dissimilar asymmetric carbon atoms. 
Thus, the stereoisomerism of the thujones should be similar to that of the menthones and 
the carvomenthones (J., 1934, 226). The parallelism should hold also for the thujyl 
alcohols and the thujylamines, each of which types should exist in four pairs of d- and 


l-forms. 
CHMe CHMe CHMe 


HC \co HC \CH-OH HC \CH-NH, 
H,C\ CH, H,C\\ JCH, HA) CH, 
Pré Pré Pré 
(I.) (II.) (III.) 


Wallach (Annalen, 1904, 336, 365) showed that “‘ «-thujone ”’ was partly converted into 
“‘8-thujone’”’ by treatment with alcoholic alkali. It is shown below that the so-called 
“‘a-thujone ’’ of thuja oil and the “ 8-thujone ”’ of tansy oil are related in the same funda- 
menital way as /-menthone and d-isomenthone, and that under appropriate conditions they 
are capable of existing in dynamic equilibrium. From naturally occurring “‘ «-thujone ” 
having ap — 11-4° (J 1) and “ B-thujone ’’ having «p + 46-2° it has proved possible for the 
first time to prepare two ketones having optimum rotatory powers ap — 19-9° and + 72-5° 
(cf. Simonsen, of. cit., p. 39). For these substances, which appear to be stereochemically 
pure, we propose the respective names /-thujone and d-isothujone, thus opening the way to 
a systematic nomenclature of the derived alcohols and amines, which are thereby brought 
into line with the menthols and menthylamines (J., 1934, 1781).* As in the menthone 
and carvone series (J., 1935, 1139), the tsoketone has the higher numerical rotatory power, 
density, and refractive index. 

In presence of alcoholic sodium ethoxide, the two thujones under consideration undergo 
interconversion (corresponding to the so-called ‘“‘ Beckmann inversion ’”’ of /-menthone), 
thereby yielding an equilibrium mixture having a mean value of ap + 40-0° (1 1). The 
dynamic equilibrium under these conditions may thus be represented as follows : 


l-thujone (ap — 19-9°) — d-tsothujone (ap + 72-5°) 
(35%) (65%) 
* Also with the carvomenthols and carvomenthylamines (J., 1934, 226). The so-called ‘ Jso- 


Thujon”’ of Wallach (Annalen, 1895, 286, 102), an optically active form of which will be described in 
a later paper, should be named systematically as a cyclopentenone derivative. 





=m DOM OOS 


| lll cll col ee 


[1938] Researches in the Thujone Series. Part I. 2017 


In the thujone series the equilibrium lies further to the right than in the menthone series 
(J., 1927, 1278). From the nature of this equilibrium it follows that natural ‘‘ «-’’ and 
‘‘ 8-thujone ”’ are mixtures of these two dynamic stereoisomerides; further, that either of 
the pure ketones, or any mixture of the two, will yield identical mixtures of products when 
submitted under like conditions to such reactions as reduction with sodium and alcohol or 
amination by heating with ammonium formate. Owing to their facile interconversion, 
the stereochemically pure ketones cannot be prepared by hydrolysing the pure semicarb- 
azones. Thus, Wallach (Annalen, 1904, 336, 261) gave the value [«]p + 59-83° for a thujone 
semicarbazone, m. p. 186—188°, in methyl alcohol solution : the thujone derived from this 
by hydrolysis with phthalic anhydride had ap — 9-33°, [a]p — 10-23°. Paolini (Ann. 
Chim. Appl., 1925, 15, 414), in a similar way, obtained a ketone having [«]) + 10-23°. 
The pure ketones described in this paper were obtained by oxidising a stereochemically 
pure thujyl and zsothujyl alcohol with Beckmann’s reagent. 

As yet, only one thujyl and one isothujyl alcohol appear to have been isolated in a state 
of stereochemical purity. A crystalline 1-thujyl alcohol, m. p. 66—67°, [a]p — 20-5° 
(methyl alcohol), was obtained by fractionally crystallising the mixed p-nitrobenzoates of 
hydrogenated ‘‘ «-thujone ’’: when oxidised, it gave /-thujone, ap — 19-9° (71). Similarly, 
the p-nitro- or 3 : 5-dinitro-benzoates of the mixture of alcohols formed on reducing “ «-”’ 
or ‘‘ B-thujone ’’ with sodium and alcohol yielded a liquid d-isothujyl. alcohol, b. p. 103°/16 
mmM., ep + 106-7°: this was oxidised to d-isothujone, «p + 72-46°. The same alcohol has 
apparently been obtained by Paolini (Atti R. Accad. Lincet, 1911, [v], 20, I, 765), and by 
Tschugaev and Fomin (Ber., 1912, 45, 1293), by applying the phthalate method to the 
reduction products of thujones. On the present evidence, the stereochemical homo- 
geneity of the so-called “ 8-thujyl alcohol,” [«]p + 50-01°, obtained in a similar way by 
Paolini and Divizia (Atti R. Accad. Lincet, 1912, [v], 21, I, 570), and also described as a 
natural product by Paolini and Lomanaco (ibid., 1914, [v], 28, II, 123), cannot be regarded 
as established, owing to lack of information concerning the optical rotation of the derived 
thujone. 

No homogeneous thujylamine has hitherto been isolated (Simonsen, of. ctt., p. 41). 
By reducing the liquid oxime of /-thujone with sodium and alcohol and fractionally crys- 
tallising the derived mixture of thujylamine hydrochlorides, we have been able to isolate 
a stereochemically pure 1-thujylamine, having ajf* — 24-32° (1 1). The crystalline oxime 
of d-isothujylamine, when treated similarly, yielded d-isothujylamine, with a} + 94-82°. 
In reaction with nitrous acid these bases yielded complex mixtures of decomposition pro- 
ducts which did not appear to contain any thujyl alcohols. The close correspondence 
existing between the optical rotatory powers of /-thujyl alcohol and /-thujylamine, on the 
one hand, and those of d-isothujyl alcohol and d-isothujylamine, on the other, falls into line 
with the relationships observed for menthols and menthylamines (J., 1934, 1781). This 
evidence, taken in conjunction with the preparative methods, points to the stereochemical 
equivalence of these two alcohol—amine pairs in the thujone series. 

From their close analogy to the menthones and carvomenthones, it follows that either 
l- or d-iso-thujone when heated with ammonium formate under like conditions would yield 
an identical mixture of the formyl! derivatives of the four related optically active thujyl- 
amines, including /- and d-isothujylamine (J., 1927, 2168; 1934, 231); it has not proved 
possible, however, to isolate any individual thujylamine, beyond a small amount of 
d-isothujylamine, from the product of this reaction. Moreover, the derived mixture of 
stereoisomeric thujylamines appeared to furnish no thujyl alcohol in reaction with nitrous 
acid, a result which indicates that this reagent cannot be used at all in deaminating a 
thujylamine to a thujyl alcohol. Nor can such alcohols be obtained from /-thujyl- or 
d-isothujyl-trimethylammonium hydroxide (cf. piperitylamine; J., 1930, 2779), since 
these substances when heated yield almost exclusively the corresponding tertiary amines. 
This observation conflicts with the statement of Tschugaev (Ber., 1901, 34, 2276) that 
thujenes are the main products of the pyrolysis, and agrees with the views of Hugh and 
Kon (J., 1927, 2594) on the stability of a ring-system of the general character here 
concerned. . 
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EXPERIMENTAL. 


Ketones. 


1. “ a-Thujone.”"—Thuja oil (150 g.), with dis. 0-9300, nj® 1-4641, a} — 11-39° (7 1), after 
two successive fractional distillations yielded ‘‘ a-thujone ” (75—85 g.) having b. p. 80—82°/20 
mm., np” 1-4585, aj® — 15-43° (1 1); this fraction still contained small amounts of /-fenchone 
and other impurities, including /-borny] esters. 

2. “* B-Thujone.”—Tansy oil (150 g.), with m}® 1-4610, aj® + 38-03° (7 1), upon similar 
treatment furnished “‘ 8-thujone ” (70—75 g.) having b. p. 74—-76° /14 mm., ni? 1-4564, ap” + 
46-21° (11). Another specimen (150 g.) gave a corresponding fraction (60—65 g.) having b. p. 
84—85°/18 mm., np” 1-4568, ap} + 40-46° (1 1). Small quantities of /-camphor were isolated 
from these fractions upon oxidising the thujone to carvacrol with ferric chloride, and glacial 
acetic acid (semicarbazone, m. p. 237°, [a]}*° + 36-0° [c 1, chloroform]; d-camphorsemicarb- 
azone, m. p. 237°, [a]}®” — 36-0°). 

3. 1-Thujone.—l-Thujyl alcohol, m. p. 66—67°, [a]}®° — 20-5° (c 1, methyl alcohol), obtained 
by hydrogenating “ «-’’ or “‘ B-thujone,’”’ as described below, was oxidised with chromic acid 
by Beckmann’s method (Amnalen, 1889, 250, 335), the use of alkali being avoided in purifying 
the product. The resulting /-thujone was a clear, mobile liquid with a characteristic odour, 
b. p. 74-5°/9 mm., 33° 0-9109, n23° 1-4490, [Rz]p 44°77 (calc. for CygH,,0, 44-11), ap” — 19-94° 
(/ 1, homogeneous). 

1-Thujone 2 : 4-dinitrophenylhydrazone separated from methy] alcohol in long, red-gold needles, 
m. p. 117°, [a]}* + 44-0° (c 1, chloroform) (Found: C, 58-2; H, 6-1. C,gH,.O,N, requires C, 
57-8; H, 6-1%). The semicarbazone crystallised from aqueous methyl] alcohol in fine needles, 
m. p. 186—188°, [a«]}* + 42-0° (c 1, methyl alcohol) (cf. Wallach, Annalen, 1904, 336, 261). 
The same derivatives were obtained from crude “ «-thujone”’ after repeated fractional 
crystallisations of the crude products. 

4. d-isoThujone.—d-isoThujy] alcohol, b. p. 103°/16 mm., ap + 106-7° (J 1), obtained by 
reducing “ a-”’ or “‘ B-thujone ” with sodium and alcohol as described below, was oxidised with 
Beckmann’s reagent, an ethereal extract of the product being washed three times with water 
and dried over sodium sulphate. The resulting ketone was a clear, mobile liquid with the 
typical odour of thujone, b. p. 76°/10 mm., 32° 0-9135, n3* 1-4500, [Rz]p 44-72 (calc. for C,>H,,0, 
44-11), ay” + 72-46° (1 1, homogeneous). Wallach (Annalen, 1904, 336, 267) and Haller (Compt. 
vend., 1905, 140, 627) gave the respective values, [«]p + 76-16° (in ether) and + 74-3° (homo- 
geneous, d 0-9206). The rotatory power of the ketone is enhanced considerably in ethereal 
solution, and Haller’s specimen seems to have been isolated by fractional distillation alone; 
so that neither of these specimens can be accepted as stereochemically pure. 

d-isoThujone 2 : 4-dinitrophenylhydrazone, prepared by the method of Brady (J., 1931, 756), 
was obtained from methyl alcohol in small red-gold needles, m. p. 116°, [a] + 161° (c 1, 
chloroform) (Found: C, 58-0; H, 6-0. Cy eH ONy requires C, 57-8; H, 61%). The semi- 
carbazone crystallised from aqueous methy] alcohol in long needles, m. p. 172°, [«]}*” + 222-0° 
(c 1, methyl alcohol) (cf. Wallach, Joc. cit.). The same ketonic derivatives were obtained by 
fractionally crystallising the crude products furnished directly by “‘ B-thujone ”’. 

5. Inversion Experiments with 1- and d-iso-Thujone.—Each pure ketone (1- 25 g.) was dissolved 
separately in a solution of sodium (0-25 g.) in absolute alcohol (6 c.c.) and kept at room temper- 
ature for 24 hours, after which the ketone was recovered and distilled under diminished pressure. 
Under these conditions the optical rotatory power of /-thujone changes from aj — 19-94° to 

ap” + 38-22°, and that of d-isothujone from aj” + 72-46° to aj + 41-8° (2 1). 

When the above d-isothujone semicarbazone was hydrolysed with hot 20% oxalic acid 
solution, the recovered ketone had a}®* + 54-83° (J 1), nj/’ 1-4501. A similar inversion has been 
observed for “ «-thujone ” (Wallach, "Aanalen, 1904, 336, 263; Paolini, Ann. Chim. Appl., 1925, 
15, 414). 

Alcohols. 

1. 1-Thujyl Alcohol_—The specimens of “ a-thujone”’ mentioned above were submitted to 
two further fractional distillations under diminished pressure. The material thus obtained had 
b. p. 72—74°/8 mm., nj” 1-4590, aj® — 13-05° (J 1), and was still contaminated with /-fenchone. 
By hydrogenation in cyclohexane solution at 65—70° under an over-pressure of 3 atm. in presence 
of an active hydrogenating catalyst, it was possible to effect selective reduction, so that the fen- 
chone remained unaltered when 85% of the amount of hydrogen calculated for pure thujone had 
been absorbed. The crude goodust had 3 1-4638, al” + 1-96° (11). It was esterified in dry 
pyridine (50 g. in 250 c.c.) with p-nitrobenzoyl chloride (69 g.; 1-1 mols,), which was added 
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slowly with stirring. When isolated according to the usual method (J., 1934, 315), the crude 
ester was somewhat oily, but after twelve recrystallisations from methyl alcohol it yielded pure 
1-thujyl p-nitrobenzoate (7-1 g.) consisting of glistening plates, m. p. 101°, [a]}” — 32-25° (c 2, 
chloroform) (Found : C, 67-5; H, 6-8. C,,H,,O,N requires C, 67-3; H, 7-0%). 

When boiled for 30 minutes with 5% methyl-aicoholic potassium hydroxide (1-2 mols.), 
the ester yielded 1-thujyl alcohol, which crystallised from methyl] alcohol in long, fine needles, 
m. p. 66—67°, [a]i® — 20-5° (c 1, methy’ alcohol), [a]}®" — 22-5° (c 1, ethyl alcohol) (Found : 
C, 78-0; H, 11-9. C,)H,,O requires C, 77-9; H, 11-8%). The 3: 5-dinitrobenzoate separated 
from methyl alcohol in long, fine needles, m. p. 106°, [a]}?° — 24-5° (c 2, chloroform) (Found : 
C, 58-6; H, 5°6. C,H O,N, requires C, 58-6; H, 5-8%). 

A typical | ey obtained by hydrogenating “‘ B-thujone ”’ under similar conditions had 
ni2* 1-4692, ai + 36-21° (1 1). The derived nitrobenzoates crystallised with great reluctance, 
and it was impracticable to isolate any single substance from the mixture of esters thus 
produced. 

The catalytic hydrogenation of the thujones is affected markedly by the conditions. Thus, 
the hydrogenation of ‘‘ «-thujone ” was not always so profitable as indicated above. A com- 
pletely hydrogenated specimen, with nj" 1-4654, aj} — 7-0° (i 1), yielded with 3: 5-dinitro- 
benzoyl chloride a product which after ten recrystallisations from aqueous methyl alcohol 
furnished a fraction having m. p. 80°, [«]}® — 15-25° (c 2, chloroform). The derived alcohol 
had b. p. 99°/10 mm., nj” 1-4628, aj — 12-6° (7 1), and gave an apparently homogeneous 
p-nitrobenzoate with m. p. 71°, [a]}® — 24° (c 2, chloroform). However, when kept for some 
months in the refrigerator, this alcohol deposited crystalline material identical with serene 
alcohol described above. 

In another experiment, in which the hydrogenation of “ «-thujone ” was retarded tesa 
the presence of a catalyst poison, the crude product had nj 1-4700, ap + 7-29° (1 1). The 
value of [a]}® for the derived 3: 5-dinitrobenzoate changed only from + 3-0° to. — 2-75° (c 2, 
chloroform) after six recrystallisations from methy] alcohol, and the separation of a homogeneous 
ester had to be abandoned. 

2. d-isoThujyl Alcohol.—Coarse pieces of sodium (37-5 g.) were added gradually to a boiling 
solution of ‘‘ «-thujone ”’ (50 g.) in dry ethyl alcohol (300 c.c.; reflux, sand-bath). When all 
the sodium had dissolved, the mixture was cooled, diluted with ice-water, neutralised with 
concentrated hydrochloric acid, and extracted with ether. The mixture of alcohols thus 
obtained (40 g.) was a clear, viscous, sweet-smelling liquid, b. p. 97—99°/15 mm., jf 1-4693, 
ais 4+ 39-82° (7 1). ‘‘ 8-Thujone” furnished a practically identical product (cf. Wallach, 
Annalen, 1892, 272, 109; Semmler, Ber., 1892, 25, 3344). 

The latter material (100 g.) was treated in dry pyridine (500 c.c.) with 3: 5-dinitrobenzoyl 
chloride (167 g.; 1-1 mols.). After remaining overnight, the mixture was poured into 50% 
hydrochloric acid (1000 c.c.) and extracted with chloroform. The extract was washed with 
sodium hydroxide solution and steam-distilled. The non-volatile residue, when extracted with 
ether, furnished a clear yellow syrup which slowly crystallised to a hard mass. After one re- 
crystallisation from aqueous methyl alcohol the ester had m. p. 75°, [a]} + 63-25° (c 2, chloro- 
form). Thirteen further recrystallisations furnished a fraction of pure d-isothujyl 3 : 5-dinitro- 
benzoate, which was not altered by further recrystallisation; it consisted of long, colourless 
needles, m. p. 92°, [a]i7° + 96-75° (c 2, chloroform) (Found: C, 58-5; H, 56%). When 
hydrolysed with boiling methyl-alcoholic potassium hydroxide, this ester (8-7 g.) yielded 
d-isothujyl alcohol (3-2 g. ), which was purified by steam-distillation, followed by distillation under 
diminished pressure; it was a sweet-smelling, viscous liquid, b. p. 103°/16 mm., nj** 1-4627, 
an” + 106-70° (7 1). 

The reduction product obtained from “ «-thujone ” yielded a crude p-nitrobenzoate which 
after six recrystallisations from methy] alcohol, followed by seven from aqueous methyl alcohol, 
gave d-isothujyl p-nitrobenzoate in long, colourless needles, m. p. 78°, [«]}° + 107-0° (c 1, chloro- 
form) (Found: C, 67-5; H, 6-8. C,,H,,0O,N requires C, 67-3; H, 7:0%). The derived d-iso- 
thujyl alcohol had b. p. 88°/6 mm., nj 1-4630, a} + 108-84° (1 1); it yielded a 3 : 5-dinitro- 
benzoate with m. p. 92°, [a]}?7" + 96-75° (c 2, chloroform). The melting point was unaffected 
when this ester was admixed with d-isothujyl 3 : 5-dinitrobenzoate, m. p. 92°, obtained from 
“‘ 8-thujone,” as described above. d-isoThujyl alcohol obtained from either “‘ «-thujone ” or 
“‘ 8-thujone ”’ yielded upon oxidation d-isothujone, with a}** + 72-46° (J 1), as described above. 

3. No sensible reduction occurred when “ a-thujone ” or “ §-thujone ”’ was treated in dry 
isopropyl alcohol with aluminium isopropoxide at 130° for 48 hours, according to the method 
of Ponndorf (Z. angew. Chem., 1926, 39, 138). 
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1. 1-Thujylamine.—A solution in aqueous methyl alcohol of “ «-thujone”’ (50 g.), hydroxy:- 
amine hydrochloride (25-2 g.), and sodium acetate crystals (30-2 g.) was kept for a week at room 
temperature, and then diluted largely with water and extracted with ether. After fractional 
distillation under diminished pressure the extract yielded crude /-thujone oxime, b. p. 131— 
132°/12 mm., ap from — 33-8° to — 25-3° (7 1) (cf. Ber., 1892, 25, 3344; Annalen, 1904, 336, 
267). The derived p-nitrobenzoate crystallised from aqueous methyl alcohol in long, brownish 
needles, m. p. 107—108°, [«]}?” — 35-25° (c 2, chloroform). 

A solution of the oxime (50 g.) in dry ethyl alcohol (750 c.c.) was reduced at the boiling point 
with sodium (75 g.). The product was diluted with water and steam-distilled, the distillate 
being then neutralised with hydrochloric acid, evaporated to small bulk, extracted with ether, 
and evaporated to dryness. The yield of crude thujylamine hydrochloride thus obtained was 
equal to the weight of oxime used. Two recrystallisations from hot absolute alcohol—acetone 
gave pure /-thujylamine hydrochloride in glistening leaflets, m. p. 248—249° (decomp.), 
[a]36° —15-75° (c 2, water). 

Free /-thujylamine was obtained from the hydrochloride as a colourless, viscid liquid with a 
strong odour of decaying fish, b. p. 81-5°/15-5 mm., nj" 1-4673, af” — 24-32° (11). It absorbed 
carbon dioxide from the air, forming a white crystalline deposit. The formyl derivative, 
prepared by distilling the formate under diminished pressure, was a waxy solid, m. p. 40°, 
fa] — 51-11° (c 1-7, chloroform). The acetyl and benzoyl derivatives were syrups. 
p-Nitrobenzoyl-1-thujylamine formed long needles from aqueous methyl alcohol, m. p. 146-5°, 
[a3 — 51-25° (c 2, chloroform) (Found: C, 67-4; H, 6-9. C,,H,,0O,N, requires C, 67-6; H, 
7:3%). 

The following derivatives were also prepared : p-toluenesulphonyl, brownish leaflets, m. p. 
120°, [«]}®* — 7-75° (c 2, chloroform); carbimide, long needles, m. p. 141—142°, [a]}°° — 41-0° 
(c 1, chloroform); formate, glistening needles, m. p. 110°, [a]}®** — 15-5° (c 1, water); hydrogen 
oxalate, glistening plates, m. p. 218—220°, [a] — 6-0° (c 0-9, water); hydrogen d-tartrate, 
fine needles, m. p. 194°, [«]}*° + 3-5° (c 1, water). The salicylidene derivative formed lemon- 
yellow plates from methyl alcohol, m. p. 66°, [aj}*’ — 7-03° (c 2, chloroform); it showed 
anomalous rotatory dispersion, but was not phototropic (J., 1927, 2174) (Found: C, 79-7; 
H, 8-8. C,,H,,ON requires C, 79-3; H, 9-0%). 

When methylated in dry methyl alcohol in presence of sodium methoxide and an excess of 
methyl iodide (cf. J., 1930, 2777), /-thujylamine yielded 1-thuj ylirimethylammonium iodide, which 
crystallised from hot water in small prisms, m. p. 269° (decomp.), [«]}°*" — 30-75° (c 2, chloroform) 
(Found, by titration: I, 39-0. C,,;H,,NI requires I, 39-3%). The derived hydroxide was 
obtained as a brittle solid mass which absorbed water and carbon dioxide rapidly from the air 
(cf. Ber., 1901, 34, 2276). When heated in an oil-bath, it melted at 140° and decomposed at 
150—160°, yielding N-dimethyl-/-thujylamine as a colourless liquid with a strong basic odour, 
b. p. 88°/11 mm., ny 1-4615, ap” — 14-12° (1 1). The picrate of this base separated from 
alcohol in flat, yellow plates, m. p. 137—138°, [«]}? — 40-5° (c 1, chloroform) (Found: C, 52-8; 
H, 6-2. (C,,H,,N,C,H,O,N, requires C, 52-7; H, 6-4%). The methiodide, formed by warming 
the base with methyl iodide, was identical with /-thujyltrimethylammonium iodide, described 
above. A very small amount of a neutral oil was formed in the pyrolysis of the quaternary 
ammonium hydroxide. 

Solutions of /-thujylamine in excess of dilute hydrochloric acid yielded no thujyl alcohol when 
treated with sodium nitrite solution : the oily product contained terpenes and other decomposi- 
tion products, as in the case of d-isothujylamine (vide infra). 

2. d-isoThujylamine.—*‘ B-Thujone ”’ (550 g.), when oximated in the way described above 
for ‘“‘ «a-thujone,” yielded a viscid syrup (381 g.), which slowly crystallised to a mass of long, 
colourless needles, m. p. 53°, b. p. 120—121°/6-5 mm., [a]}?" + 98-14° (c 2, ethyl alcohol) (cf. 
Annalen, 1904, 336, 247, 267). In order to secure satisfactory results, a ketone of high rotatory 
power must be used. The #-nitrobenzoate of d-isothujone oxime crystallised from aqueous 
methyl alcohol in coarse pale yellow needles, m. p. 72°, [«]}?’ + 32-5° (c 2, chloroform). 

Reduction of the oxime (300 g.) with sodium and alcohol, and subsequent treatment as out- 
lined above, led to crude d-isothujylamine hydrochloride (310 g.). Two recrystallisations from 
boiling absolute alcohol, to which acetone had been added, gave the pure salt (92 g.) in glistening 
needles, m. p. above 255°, [a]}”” + 79-0° (c 2, water). 

d-isoThujylamine was a colourless, mobile liquid, with a sweetish and not particularly un- 
pleasant odour, b. p. 75-5°/11 mm., aj* + 94-82° (7 1), mn} 1-4641. Its absorption of carbon 
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dioxide from the air resembled that of /-thujylamine, but it was more rapid. The following 
derivatives were prepared: formyl, waxy solid, m. p. 51°, [Jp + 114° (c¢ 1, chloroform) ; 
acetyl, long needles, m. p. 68—69°, b. p. 163-5°/6-5 mm., [a]}* + 112-5° (c 1, chloroform) ; 
benzoyl-d-isothujylamine, soft needles, m. p. 131-5°, [a] + 90-5° (c 1, chloroform) (Found : 
C, 79:3; H, 8-8. C,,H,,;ON requires C, 79-3; H, 8-9%); p-nitrobenzoyl derivative, yellowish 
needles, m. p. 147°, [a] + 77-0° (c 1, chloroform) (Found: C, 68-0; H, 7-2. C,,H,,0,N, 
requires C, 67-6; H, 7-3%); 3: 5-dinitrobenzoyl, soft yellow needles, m. p. 173-5°, [«]}® + 68-0° 
(c 1, chloroform); #-toluenesulphonyl, flat, brownish needles, m. p. 154-5°, [a]} + 92-5° 
(c 1, chloroform); carbimide, oil; formate, long needles, m. p. 143°, [a] + 74-25° (c 1, water) ; 
hydrogen oxalate, soft needles, m. p. 167°, [a]} + 62-5° (c 1, water); hydrogen d-tartrate, 
glistening plates, m. p. 197-5°, [a]p* + 64-0° (c 1, water). The salicylidene derivative was 
an oil. 

d-isoThujylirimethylammonium iodide crystallised from hot water in long needles, m. p. 
260° (decomp.), [«]}** + 47-0° (c 1, chloroform) (Found, by titration: I, 39-0. C,,H,,NI 
requires I, 39-3%). The derived hydroxide resembled the corresponding derivative of 
l-thujylamine; when heated to 160°, it yielded N-dimethyl-d-isothujylamine, b. p. 79°/11 mm., 
nz 1-4600, a + 124-64° (J 1) [Found, for the platinichloride, m. p. 173—174° (decomp.) : 
Pt, 25-3. 2C,,H,,N,H,PtCl, requires Pt, 25:3%]. The picrate separated from rectified spirit 
in yellow needles, m. p. 158°, [«]j + 21-0° (c 1, chloroform); the methiodide was identical 
with the above d-isothujyltrimethylammonium iodide. A small amount of a neutral liquid, 
formed in the decomposition of the quaternary ammonium hydroxide, having n}/* 1-4527, and 
smelling of aniseed, possibly contained thujene. 

Deamination of d-isothujylamine with nitrous acid yielded a yellow oil with a terpene-like 
odour, aj2° + 28-06° (i 1), uj} 1-4643, the bulk of which distilled up to 80°/8 mm. The oil 
decolourised bromine, and underwent esterification to a small extent, but did not appear to 
contain any thujyl alcohols. 

3. When “ a-thujone ”’ (190 g.) was heated with solid ammonium formate (250 g.), ultimately 
at 200° for several hours, in an apparatus permitting of the escape and condensation of volatile 
products, it was found possible to extract a dark brown syrup (200 g.) from the product with 
chloroform. Distillation of the syrup under diminished pressure gave a main fraction (115 g.) 
consisting of a pale yellow, viscid liquid, b. p. 175°/11 mm., nj} 1-4877, aj + 27-04° (I 1); 
a practically identical product was obtained from “‘ 8-thujone.”” No crystallisation was induced 
by seeding the viscid product with the formyl derivatives of l- and d-iso-thujylamine. 

The material was boiled with ten times its weight of 10% methyl-alcoholic hydrogen chloride 
for 12hours. Steam-distillation of the basified product yielded a basic oil, b. p. 72—74°/15 mm., 
nye* 1-4672, ai’ + 19-62° (1 1). The only pure substance obtained from this product, after 
it had been treated in various ways, was a small quantity of d-isothujylamine formate, prepared 
by repeated fractional crystallisation of the mixed formates. Deamination with nitrous acid 
yielded an oil which appeared to contain thujene but failed to yield any crystalline ester of a 
thujyl or other alcohol. 

A non-saponifiable residue from the treatment with methyl]-alcoholic hydrogen chloride was 
obtained as a somewhat viscid liquid, b. p. 181—182°/9 mm., nj 1-4875, dis 0-9219, aif + 
23-5° (1 1). This was basic to litmus, and when shaken with dilute hydrochloric acid became 
coated with an insoluble layer of a salt. No crystalline derivative could be obtained from this 
material, which appeared to consist essentially of dithujylamines, with properties similar to those 
of dicarvomenthylamines (J., 1934, 232) (Found: C, 81-5; H, 11-8; N, 5-4. C, .H;,N requires 
C, 83-0; H, 12-2; N, 4:8%). 

A similar mixture of dimenthylamines, obtained as a by-product of the reaction between 
l-menthone and ammonium formate (J., 1927, 2168), had b. p. 176°/10 mm., je 1-4821, 
ap” —9-96° (1 1) (Found : C, 81-2; H, 13-0; N, 5-1. C,)H3,N requires C, 81-9; H, 13-3; N, 4-8%). 
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383. Covalent Alkaline Derivatives of Di-2-hydroxy-1-naphthyl 
Selenide and Allied Substances. 


By VLADIMIR DvoRKOVITZ and SAMUEL SMILES. 


Further investigation of covalent alkali derivatives of type (I) has been made; 
those derived from di-2-hydroxy-l-naphthyl selenide are described and shown to 
have compositions analogous to those of the methane and the sulphide series. In 
the sulphide and the methane series potassium derivatives of an “‘ acid ” type may be 
obtained, but under the same conditions sodium derivatives of ‘‘ normal ” composition 
are isolated. The study of the covalent alkali derivatives of substituted di-2-hydroxy- 
1-pheny] sulphides has been extended and additional illustration is given of the influence 
of the 6-methy] group in favouring the formation of these and of dehydro-derivatives. 
Further examples of an eight-membered non-coplanar ring containing co-ordinated 
alkali metal have been found in the lithium, sodium, and potassium derivatives of 
salicylideneacetophenone and of 4-salicylidene-l-methylcyclohexan-3-one (XIII), 
confirmation of the structure (1) assigned to the derivatives of o-hydroxy-sulphides and 
-methanes being thus obtained. 


PREVIOUS experiments showed that di-2-hydroxy-l-naphthyl sulphide and di-2-hydroxy- 
l-naphthylmethane and their substitution products yielded covalent mono-alkali de- 
rivatives (Evans and Smiles, J., 1937, 727) to which the structure (I; X = S or CH,; 
M = alkali metal) was assigned. Further examples of the non-coplanar ring indicated (I) 
have been found in the series of alkali derivatives of di-2-hydroxy-l-naphthy] selenide 
(I, X = Se), which have the same order of stability as that of the sulphide and the methane 
series; they are characterised by a similar high solubility in moist ether and separate 
when warm aqueous solutions of the electrovalent salts are cooled. Methylation of the 
sodium derivative gave the monomethyl ether of the selenide and oxidation with ferricyanide 
led to the dehydro-selenide (11); further analogy with the sulphide and the methane series 
was found in the similar degree of hydration of the sodium (4H,O), potassium (2H,O) 
and lithium (4H,O) derivatives, the anomalous degree of hydration of the lithium derivative 
being noteworthy. Some evidence of instability of the ring in these selenides is given by 
the dehydration of the sodium derivative in hot chloroform solution, which yielded an 
anhydrous salt of electrovalent character. 
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Attempts to obtain covalent alkali derivatives from di-2-hydroxy-1-naphthyl sulphoxide 
or sulphone under conditions effective with the sulphide were unsuccessful. In these 
cases where the thio-group is replaced by thionyl or sulphonyl, suppression of the necessary 
hydroxy-ketonic state and a consequent diminished stability of the covalent derivatives 
may be expected. Renewed experiments to obtain covalent alkali derivatives from the 
corresponding disulphide have confirmed the previous conclusion (Evans and Smiles, loc. cit.) 
that the nine-membered ring which would be required for the formation of these substances 
is unstable or attained with difficulty. Examination of the 6 : 6’-dibromo- and 3 : 6 : 3’ : 6’- 
tetrabromo-derivatives, whose salts are less soluble than those of the parent substance, led 
to monosodium derivatives of covalent character, but owing to their instability they were 
not further investigated. Suitable derivatives of di-2-hydroxyphenyl sulphide or di-2- 
hydroxyphenylmethane also are capable of yielding covalent mono-alkali compounds. In 
previous studies (McClement and Smiles, J., 1937, 1016; Shearing and Smiles, 7did., p. 
1933) it was found that this property and the formation of dehydro-derivatives, which 
evidently depend on the ability of the phenol to assume the hydroxy-ketonic structure, 
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are shown only by sulphides and methanes containing the 6-methyl goup. Some further 
evidence of this influence of the 6-methyl group has now been obtained. 

5-Chloro-o-4-xylenol and sulphur chloride yielded the sulphide (III). An tsomeride, 
which was obtained by chlorinating di-4-hydroxy-o-5-xylyl sulphide (IV), evidently has 
the alternative structure (V). Of these sulphides, (III) yielded a covalent monosodium 
and a dehydro-derivative, but neither (IV) nor (V) gave these products. m-5-Xylenol, 
according to its usual behaviour on substitution (compare Lesser and Gad, Ber., 1923, 56, 
974), may be expected to yield mainly the sulphide (V1) together with a smaller quantity of 
(VII) and perhaps the unsymmetrical sulphide containing both these structures. After 
removal of the chief product (VI) the residue was found to contain. a sulphide, which was 
isolated by the solubility of its sodium salt in wet ether; the structure (VII) is therefore 
assigned to it. 
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Previous examination of the sulphides (McClement and Smiles, loc. cit.) derived from 
2-chloro-m-5-xylenol (VIII), 5-chloro-p-2-xylenol (IX), and y-cumenol (X) was restricted to 
the isolation of their covalent monosodium derivatives. A more complete study of their 
mono-alkali compounds, including those derived from di-6-chloro-3-hydroxy-2-cymyl 
sulphide (XI), has been made. Compared with the derivatives of 2-naphthol (I), the chief 
features of this series are a lower stability of the tetrahydrates of the sodium and lithium 
compounds and in some cases a greater tendency to revert to the electrovalent state 
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by dehydration. For example, the sodium derivatives of (VIII), (IX), (X), and (XI) 
have been obtained as dihydrates and some evidence of less stable tetrahydrates was 
found in the cases of (IX), (X), and (XI). Also the Uithiwm derivatives of (VIII), (IX), 
(X), and (XI) were isolated as dihydrates, evidence of unstable tetrahydrates being obtained 
only with (IX) and (X). None of the derivatives of (VIII) showed a melting point, although 
they had the usual high solubility in moist ether. The potassium, sodium, and lithium 
compounds of (XI) separate as liquids from the aqueous media of their preparation: this 
characteristic behaviour is also shown by the lithium and potassium derivatives of the 
selenide (I, X = Se). 
All the alkali compounds now discussed may be regarded as the “‘ normal ”’ mono-alkali 
derivatives. The only example of an “‘ acid’ type hitherto encountered had the composi- 
tion C,,H,,(OH)-OK,C,,H,,(OH),,2H,O and was obtained (Evans and Smiles, loc. cit.) 
from di-2-hydroxy-l-naphthylmethane with aqueous potassium hydroxide of greater dilu- 
tion and in smaller molecular proportion than that leading to the ‘‘ normal ”’ derivative. 
Under the same conditions di-2-hydroxy-l-naphthyl sulphide gave a potassium derivative 
of analogous composition, but it is remarkable that both this sulphide and di-2-hydroxy- 
l-naphthylmethane with aqueous sodium hydroxide under these conditions gave the 
“normal” derivative, ¢.g., C,,H,,(OH)*ONa,4H,O. At present no well-founded ex- 
planation of this different behaviour of the two alkali metals can be given, but it seemed 
probable that the reluctance of sodium to form the acid type of derivative in aqueous media 
might be due to the greater stability of the tetrahydrates of the normal type of sodium com- 
pound compared with the instability of these in the case of the potassium derivatives, which 
have only been observed as dihydrates. This view “appears to be confirmed by the be- 
haviour of (VIII) in presence of sodium hydroxide; the tetrahydrate of this sodium deriva- 
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tive has not been isolated; in fact the dihydrate is somewhat unstable, and with the more 
dilute alkali the “ acid” type of sodium compound was formed. 

Since covalent alkali derivatives of type (I) are comparatively stable and are readily 
formed even in aqueous solutions of the salts, it may be expected that further examples of 
an eight-membered non-coplanar ring should be obtained from substances offering similar 
intramolecular conditions. The structure which has been assigned to these sulphides and 
di-2-hydroxy-1-naphthylmethanes (I) requires for its establishment three chief conditions 
in the parent substance : the ability to assume the hydroxy-ketonic state, a suitably close 
approach of the oxygen atoms concerned, and a configuration which permits the formation 
of a non-coplanar ring. Investigation has been extended to other types which appear to 
offer these essential intramolecular features; among these the salicylidene derivatives of 
acetone and acetophenone are prominent. The ease with which these substances are 
converted by acids into the benzopyrylium salts indicates their cis-configurations and the 
close approach of hydroxyl and carbonylin them. Assuming these conditions, it is evident 
that the metal in their alkali salts, if inclined to form a co-ordinate link with carbonyl 
oxygen, could be accommodated between the oxygen atoms with little strain by suitable 
rotatory displacement of the phénoxyl or acyl groups, a non-coplanar eight-membered ring 
being then formed (XII). 4-Salicylidene-1-methylcyclohexan-3-one, which readily yields 
xanthylium salts (Borsche, Annalen, 1912, 393, 39), offers conditions similar to those in 
(XII). In alkali salts of this substance, the facile inclusion of the metal in a chelate ring 
would mainly depend on adjustment of phenoxyl, the carbonyl group by its inclusion 
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in the cyclohexane ring being deprived of free mobility. Covalent lithium, sodium, and potas- 
sium derivatives of both these types (XII and XIII) are readily obtained; like those de- 
rived from (I), they separate from aqueous media and contain two or four molecules of 
water, but they lack the high solubility in moist ether characteristic of the latter class. 
The sodium derivatives of type (XII, R = Ph or Me) yield adducts with salicylaldehyde 
and thus differ from the naphthol derivatives (I, M = Na), which are decomposed by the 
reagent. The isolation of these derivatives (XII and XIII) evidently supports the struc- 
ture (I) assigned to the covalent alkali derivatives of the hydroxy-sulphides, -selenides, 
and -methanes. 

Brief attempts to isolate copper derivatives of (I) showed that these exist but are 
far less stable than either the alkali compounds now recorded or the copper derivatives 
containing a seven-membered non-coplanar ring obtained by Brady (J., 1933, 1227) from 
o-diphenol. 


EXPERIMENTAL. 


Derivatives of Di-2-hydroxy-1-naphthyl 'Selenide—The dehydro-derivative (II) separated in 
an amorphous condition when a solution of potassium ferricyanide (2-2 mols.) was gradually 
added to a cooled and shaken solution of the selenide (1 mol.) in aqueous potassium hydroxide. 
It was collected in chloroform and, after the solution had been dried, the solvent was evaporated 
(15°). The viscous residue slowly crystallised in contact with alcohol, in which it was sparingly 
soluble; the product, a red-brown crystalline powder, had m. p. 145° (Found: C, 66:3; 
H, 3-1. Cy 9H,,0,Se requires C, 66-1; H, 3-3%). 

The monomethyl ether. Methanol (100 c.c.) containing the tetrahydrate of the monosodium 
derivative (3-6 g.) and methyl sulphate (2 mols.) was warmed (35°, 4 hour). The product, 
which separated when the mixture had been cooled, formed prisms, m. p. 148°, from aqueous 
acetone (Found: C, 66-4; H, 4:0. C,,H,,0,Se requires C, 66-4; H, 42%). 

The potassium derivative separated as a heavy yellow liquid when a solution of the selenide 
in warm N-potassium hydroxide (2 mols.) was cooled. The product subsequently formed yellow 
prisms; these, after being dried in air (15°), became paler in colour, yielding the dihydrate, 
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which had m. p. 170° and was soluble in ether, toluene or chloroform. Analysis was effected 
by determining the selenide liberated after treatment with dilute sulphuric acid (Found: 
K, 8-9; selenide, 82-4. C,)H,,0,SeK,2H,O requires K, 8-9; selenide, 83-1%). 

The sodium derivative, prepared under similar conditions, separated from the aqueous 
medium in yellow prisms, which, after being dried in air (15°), had m. p. 270° with previous loss 
of water, and were soluble in ether, toluene or chloroform (Found: Na, 4-9; selenide, 80-0. 
CyH,30,SeNa,4H,O requires Na, 5-0; selenide, 79-5%). When a solution of this tetrahydrate in 
chloroform was boiled, the colourless anhydrous sodium salt separated in the crystalline state ; 
this did not melt and was insoluble in dry ether (Found: Na, 5-9. C,)H,,;0,SeNa requires 
Na, 5-9%). , 

The lithium derivative, prepared under similar conditions, separated from the aqueous 
medium as an oil forming a thick emulsion. Since the product did not crystallise when the 
mixture was kept, it was collected in ether. The deep yellow oil remaining after the solvent 
had been removed (15°) from the dried solution was triturated with benzene; the tetrahydrate 
then separated in needles, which were soluble in the usual solvents. Like the lithium derivatives 
of the sulphide and di-2-hydroxy-l-naphthylmethane, this selenide did not melt when heated 
(Found: Li, 1-6; selenide, 83-4. C,,H,,0,SeLi,4H,O requires Li, 1-6; selenide, 82-4%). 

Derivatives of Di-2-chloro-5-hydroxy-m-4-xylyl Sulphide (VIII).—The potassium derivative 
was prepared by stirring a suspension of the sulphide in hot n-potassium hydroxide (2 mols.), 
exactly sufficient alcohol being finally added to obtain complete solution. When the mixture 
had been cooled, the crystalline product separated and this, dried in air (15°), yielded the 
dihydrate, which was readily soluble in moist ether and sparingly in hot toluene or chloroform 
(Found : C, 46-7; H, 4-5; K, 9-2. C,,H,,0,Cl,SK,2H,O requires C, 46-0; H, 4-6; K, 9-4%). 

The sodium derivative, prepared under similar conditions, formed needles, which were 
easily soluble in moist ether and after being dried in nitrogen (26°) consisted of the dihydrate 
(Found: C, 47-5; H, 4:8; Na, 5-6. C,,H,,0,Cl,SNa,2H,O requires C, 47-9; H, 4:7; Na, 
5-7%). Complete dehydration of this material was effected at 115° in a vacuum (Found: 
Na, 6-3. Calc.: Na, 6-3%) as recorded by McClement and Smiles (loc. cit.). 

The lithium derivative was prepared under the same conditions; it separated as a gelatinous 
mass from the rapidly cooled solution and as needles when the mixture was slowly cooled. 
The product was collected in ether, in which it was very soluble, and was isolated as usual. 
After being dried in air (15°), the product consisted of the dihydrate (Found: C, 50-0; H, 
5-0; Li, 1:7. C,,H,,0,Cl,SLi,2H,O requires C, 49-9; H, 5-0; Li, 18%). None of these 
derivatives melted. 

A sodium derivative of ‘‘ acid” type was obtained when the sulphide was dissolved in hot 
aqueous sodium hydroxide (1-1 mols.; 1-5%). It separated from the cooled solution and was 
dried at 115° (Found: Na, 3-4. C,,H,,;0,Cl,SNa,C,,H,,0,Cl,S requires Na, 3-2%). For 
comparison with this behaviour di-2-hydroxy-1-naphthyl sulphide was dissolved in hot aqueous 
sodium hydroxide (1-3 mols.; 1-5%); the tetrahydrate of the “‘ normal” monosodium de- 
rivative separated when the solution was cooled (Found: Na, 5-5. Calc.: Na, 54%). Di- 
2-hydroxy-1-naphthylmethane gave an analogous result (Found: Na, 5-8. Calc.: Na, 58%). 
On the other hand, a solution of di-2-hydroxy-1l-naphthyl sulphide in hot aqueous potassium 
hydroxide (1-2 mols.; 1-5%) yielded, when cooled, needles of the “‘ acid’’ dihydrate. These 
were soluble in ether, hot benzene or chloroform, had m. p. 200°, and were dried in nitrogen 
(26°) (Found: C, 66-7; H, 3-9; K, 5-8. C,)9H,,0,SK,C,,H,,0,S,2H,O requires C, 67-6; H, 
4-3; K, 5-5%). The similar behaviour of the corresponding methane with aqueous potassium 
hydroxide has already been recorded (Evans and Smiles, loc. cit.). 

Derivatives of Di-6-chlovo-3-hydroxy-p-2-xylyl Sulphide ({X).—The potassium derivative, 
prepared under the same conditions as those adopted with the sulphide (VIII), formed pale 
yellow needles of the dihydrate, m. p. 260°, which were soluble in ether and sparingly soluble in 
toluene (Found: C, 46-6; H, 4:5; K, 9-2. C,,H,,0,Cl,SK,2H,O requires C, 46-0; H, 4-6; 
K, 9-4%). 

The sodium derivative was obtained by similar treatment of the sulphide; it separated from 
the cooled medium in long needles of the tetrahydrate, m. p. 255° after some loss of water 
(Found: Na, 5-3. Calc.: Na, 53%). This tetrahydrate was previously isolated (McClement 
and Smiles, loc. cit.) by extraction of the solution of the sulphide in excess of aqueous alkali 
with ether. It was readily soluble in ether and moderately in chloroform. The crystals of 
the tetrahydrate, when kept (16°), slowly disintegrated and were finally dried in nitrogen 
(26°), the dihydrate, m. p. 255°, being then obtained (Found: C, 48-8; H, 4:4; Na, 5-7. 
C,,H,,0,C],SNa,2H,O requires C, 47-9; H, 4:7; Na, 5-7%). When the chloroform solution 
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was boiled, the anhydrous salt separated as a flocculent mass of needles, which did not melt 
(Found: C, 52-2; H, 4:1; Na, 6-1. C,,H,,0,Cl,SNa requires C, 52-7; H, 4-1; Na, 63%). 

The lithium derivative, similarly prepared, separated from the cooled medium in pale yellow 
needles of the tetrahydrate; these were dried in air (15°), had m. p. 200°, and were soluble in 
ether, chloroform or benzene (Found: C, 45-5; H, 5-3; Li, 1-7. C,gH,,0,Cl,SLi,4H,O re- 
quires C, 45-6; H, 5-4; Li, 16%). When the tetrahydrate was kept in a current of dry nitrogen 
(26°), water was lost, the dihydrate being formed (Found : loss of H,O, 8-2. Conversion of tetra- 
into di-hydrate requires loss of H,O, 8-5%). 

Derivatives of Di-5-hydroxy-6-)-cumyl Sulphide (X).—The sulphide was completely soluble 
in the usual alkaline media (2 mols.; N), the addition of alcohol being unnecessary. With 
potassium hydroxide, the sulphide showed exceptional behaviour. After the solution in 
this reagent had been kept (4 days, 15°), the insoluble product was collected in ether; after 
being isolated in the usual manner (15°), it formed pale yellow needles of the “acid” 
dihydrate, m. p. 223°, soluble in chloroform or toluene (Found: C, 63-7; H, 6-7; K, 5-6. 
C,.H,,0,SK,C,,H,,0,S,2H,O requires C, 63-8; H, 6-9; K, 5-7%). When the chloroform 
solution was boiled, a crystalline product separated; this was not closely examined. 

The sodium derivative separated as a mass of thin needles when the usual aqueous alkaline 
medium was cooled. These were collected in ether and after removal of the solvent (15°) the 
impure tetvahydrate remained as needles, m. p. 245° with previous loss of water (Found : 
C, 55-7; H, 7-5. C,,H,,O,SNa,4H,O requires C, 54-6; H, 7-3%). By drying in nitrogen (26°), 
this material was easily converted into the dihydrate, which was soluble in toluene or ether 
(Found: C, 60-1; H, 6-8; Na, 6-2. C,,H,,O,SNa,2H,O requires C, 60-0; H, 6-9; Na, 6-4%). 

The lithium derivative was obtained in thick needles when the usual alkaline solution was 
kept (15°, 4 days); these after isolation gradually changed in appearance and when dried in 
air (15°) evidently consisted of the impure tetrahydrate (Found: C, 58-9; H, 7-1; Li, 1-8. 
C,,H,,0,SLi,4H,O requires C, 56-8; H, 7-6; Li, 1-8%), which was converted into the di- 
hydrate by drying in nitrogen at 26° (Found: C, 63-2; H, 7-0; Li, 2-1. C,,H,,O,SLi,2H,O 
requires C, 62-8; H, 7-3; Li, 20%). The latter was soluble in ether, chloroform or toluene 
and had an indefinite m. p. 150° after previous loss of water. For comparison with this, the 
lithium derivative of di-5-hydroxy-6-~-cumyl methane (X, S replaced by CH,) was prepared. 
After being dried in air (15°), it formed needles of the tetrahydrate, which were soluble in ether or 
toluene (Found: C, 62-2; -H, 8-8; Li, 1-9. C,H,,0,Li,4H,O requires C, 63-0; H, 8-6; Li, 
1:9%). This tetrahydrate was evidently more stable than that of the sulphide. 

Derivatives of Di-6-chloro-3-hydroxy-2-cymyl Sulphide (XI).—The potassium derivative 
separated from the cooled alkaline medium as a yellow liquid, which subsequently set to a jelly. 
This was collected in ether and, after the usual process, colourless prisms of the dihydrate were 
obtained; these had m. p. 206° and were soluble in ether, chloroform or toluene (Found : 
C, 50-4; H, 5-4; K, 8-4. C,,H,,0,Cl],SK,2H,O requires C, 50-7; H, 5-7; K, 8-2%). 

The sodium derivative separated as a yellow oil, which solidified, forming a mass of large 
prisms. These evidently consisted of an unstable tetrahydrate; they disintegrated in the air 
(15°) and when dried in nitrogen were converted (26°) into the dihydrate, which had m. p. 125° 
and was soluble in the usual organic media (Found: C, 52-0; H, 6-0; Na, 4-9. 
CypH,,0,Cl,SNa,2H,O requires C, 52-5; H, 6-0; Na, 5-0%). 

The lithium derivative, also, separated as a liquid; this solidified, yielding the dihydrate, 
which formed yellow plates, m. p. 95° (Found : C, 53-8; H, 5-9; Li, 1-5. C,9H,,0,Cl,SLi,2H,O 
requires C, 54:5; H, 6-1; Li, 1-6%). 

Di-5-chloro-4-hydroxy-0-3-xylyl Sulphide (III).—A solution of the chloroxylenol (10 g.), 
sulphur chloride (3-5 g.), and aluminium chloride (10 g.) in carbon disulphide (50 c.c.) was 
kept (24 hrs., 16°). The residue obtained after removal of the solvent and unchanged chloro- 
xylenol was dried, triturated with light petroleum, and crystallised from acetic acid. The 
product was dissolved in warm aqueous sodium hydroxide, and the sodium derivative precipi- 
tated with brine. - The sulphide liberated from this product crystallised from acetic acid in 
prisms, 'm. p. 154° (Found: C, 56-2; H, 4-8. C,,H,,0,Cl,S requires C, 55-9; H, 46%). 

The dehydro-derivative was obtained by adding aqueous sodium hypochlorite (2%) to a solu- 
tion of the sulphide in excess of alkali. The insoluble orange product was purified from aqueous 
acetone and then had m. p. 115° (approx.) (Found: C, 56-8; H, 4:5. C,,H,,0,Cl,S requires 
C, 56-3; H, 4:1%). 

The sodium derivative was prepared from the sulphide in the usual way (2 mols. of N-sodium 
hydroxide) and was collected in ether, in which it was easily soluble. After the usual treat- 
ment the solution yielded long yellow needles, sparingly soluble in chloroform or toluene, which 
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evidently consisted of the tetrahydrate (Found: Na, 5-4. C,.H,;0,Cl,SNa,4H,O requires 
Na, 5-3%). 

Di-4-hydroxy-o-5-xylyl Sulphide (IV).—This was obtained from the reaction of sulphur 
chloride (1 mol.) with o-4-xylenol (2 mols.) in chloroform; it crystallised from acetic acid in 
prisms, m. p. 157° (Found: C, 70-5; H, 6-8. C,,H,,0,S requires C, 70-1; H, 66%). When 
a solution of sulphuryl chloride (9 g.) in chloroform (20 c.c.) was gradually added (15°) to a 
solution of this sulphide (9-1 g.) in the same solvent, di-3-chloro-4-hydroxy-o-5-xylyl sulphide 
(V) was formed. This was isolated by removal of the solvent and solution of the residue in 
2n-sodium hydroxide. The material liberated from this solution in the usual way crystallised 
from acetic acid in prisms, m. p. 145° (Found: C, 56-4; H, 4:9. Cj ,.H,,0,Cl,S requires 
C, 56-0; H, 4:7%). A mixture of this sulphide with (III) had m. p. 130° (approx.). 

Di-5-hydroxy-m-2-xylyl Sulphide (V1).—This sulphide, obtained from m-5-xylenol and sul- 
phur chloride in chloroform, separated from the reacting mixture and, purified from acetic 
acid, had m. p. 265° (Found: C, 70-5; H, 6-8. C,.H,,0,S requires C, 70:1; H, 66%). After 
a further small quantity of this sparingly soluble sulphide had been removed from the mother- 
liquor, the solvent was evaporated, the residue dissolved in N-sodium hydroxide, and the clear 
solution, after the addition of brine, shaken with ether. This solvent removed a sodium deriva- 
tive which yielded an isomeride of (VI), evidently di-5-hydroxy-m-6-xylyl sulphide (VII); it 
formed prisms from acetic acid, m. p. 149° (Found: C, 70-4; H, 6-7%). Alkaline ferricyanide 
converted this sulphide into an orange dehydro-derivative, but this was not closely examined. 
A covalent sodium derivative of ‘‘ acid ” type was obtained by adding brine to a solution of the 
sulphide (VII) (1 mol.) in N-sodium hydroxide (2 mol.) and shaking the solution with ether. 
The pale yellow, crystalline product isolated from the ethereal solution did not melt after being 
dried (Found: Na, 4-2. C,,H,,O,SNa,C,,H,,0,S requires Na, 4-0%); it was sparingly soluble 
in moist chloroform or toluene. 

Derivatives of Salicylideneacetophenone (XII, R = Ph).—When a solution of the hydroxy- 
ketone (1 mol.) in N-potassium hydroxide (1 mol.) was kept (15°, 12 hrs.), the dihydrate of the 
potassium derivative separated as a mass of orange needles; these had m. p. 175° and were 
sparingly soluble in ether, soluble in hot toluene, and readily soluble in hot chloroform, from 
which the substance may be purified (Found: C, 60-2; H, 5-2; K, 13-2. C,,H,,O,K,2H,O 
requires C, 60-4; H, 5-0; K, 13-1%). 

The sodium derivative, prepared in a similar manner, rapidly separated from aqueous solution 
in long orange needles of the dihydrate; these were dried in nitrogen (26°) (Found: C, 63-5; 
H, 5-3; Na, 7-9. C,;H,,0,Na,2H,O requires C, 63-8; H, 5-3; Na, 8-1%). The substance 
did not melt and was sparingly soluble in hot chloroform. When mixed with salicylaldehyde 
(15°), it formed a bright yellow, crystalline adduct. This was washed with ether and dried in 
air (15°) (Found: Na, 6-9. C,,;H,,0,Na,C,H,O, requires Na, 6-3%). Prolonged washing 
with ether or treatment with hot toluene, in which the adduct was sparingly soluble, yielded 
the red sodium derivative of the hydroxy-ketone. For comparison with this behaviour the 
sodium derivative of p-hydroxybenzylideneacetophenone was examined. This was very 
soluble in water and was isolated as an orange crystalline mass by evaporating (15°) the solution 
to dryness; it was insoluble in the usual organic solvents and did not yield an adduct with 
salicylaldehyde, being decomposed by the reagent. 

The lithium derivative separated when a warm solution of the hydroxy-ketone in n-lithium 
hydroxide (1 mol.) was cooled. The product, after being washed with ether, crystallised from 
chloroform in a mass of slender orange needles, m. p. 250° (decomp.). The dihydrate was 
obtained after drying in nitrogen (26°); this also was soluble in ether or hot toluene (Found : 
H, 5-6; Li, 2-6. C,,H,,O,Li,2H,O requires H, 5-6; Li, 2.6%). Evidence of the existence of a 
less stable higher hydrate was obtained. 

The sodium derivative of salicylideneacetone (XII, R = Me) was isolated by adding ether to 
an alcoholic solution of the hydroxy-ketone and sodium ethoxide (1 mol.) (Harries, Ber., 1891, 
24, 3180). The red oil which quickly separated was discarded and red prisms were obtained 
by keeping the solution. These, washed with ether and dried in air (15°), formed the éetra- 
hydrate (Found: C, 46-8; H, 6-4; Na, 9-0. C,,H,O,Na,4H,O requires C, 46-9; H, 6-6; Na, 
9-0%), which was sparingly soluble in ether, hot toluene, or chloroform and decomposed at 
100° (approx.). With salicylaldehyde, a yellow crystalline adduct was formed (Found: Na, 
7-9. C,H,O,Na,C,H,O, requires Na, 7-5%), which was decomposed by heating, boiling chloro- 
form, or by a large excess of ether, yielding the red sodium derivative of the hydroxy-ketone. 

Derivatives of 4-Salicylidene-1-methylcyclohexan-3-one (XIII).—When saturated aqueous 
potassium chloride was added to a solution of the hydroxy-ketone in n-potassium hydroxide 
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(1-5 mols.), the potassium derivative at once separated in the crystalline state. The product, 
purified from hot chloroform, formed orange needles, m. p. 95° (approx.), sparingly soluble in 
ether and readily soluble in hot toluene. After drying in air (15°), the dihydrate was obtained 
(Found: K, 13-2. C,,H,,0,K,2H,O requires K, 13-4%). 

The sodium derivative separated in thin orange plates when a solution of the hydroxy- 
ketone in n-sodium hydroxide was cooled and kept (lhr.). These, dried in air, formed 
the tetrahydrate, m. p. 190° after some loss of water (Found: C, 54-9; H, 7-2; Na, 7-4. 
C,,H,,0,Na,4H,O requires C, 54:2; H, 7-4; Na, 7-4%). The substance was readily soluble 
in hot toluene or chloroform, from which it separated as an orange jelly. 

The lithium derivative separated as yellow needles when a solution of the hydroxy-ketone 
in aqueous lithium hydroxide was kept. After being dried in air (15°), the product consisted 
of the tetrahydraie, m. p. 235° (approx.); this was soluble in ether, toluene or chloroform 
(Found: C, 57-4; H, 7-8; Li, 2-3. C,,H,,0,Li,4H,O requires C, 57-1; H, 7:8; Li, 2-3%). 
When these solutions were heated, partial dehydration occurred, a less soluble gelatinous material 
being formed. 


Kinc’s CoLLeGE, LONDON. ; [Received, October 15th, 1938.] 





384. Addition Reactions to Conjugated Systems. B-Phellandrene 
and Maleic Anhydride. 


By NORMAN FREDERICK GOOoDWAY and TRUSTHAM F. WEST. 


l-8-Phellandrene, free from the a-isomeride, gives with maleic anhydride a resinous 
product, from which a small quantity of adduct identical with that obtained from 
l-x-phellandrene has been isolated : the identity has been confirmed by the preparation 
of some esters. The relative reactivity of a- and @-phellandrene, in which the double 
bonds occur in the cis- and the trans-position respectively, is of value for the stereo- 
chemistry of more complex structures. The available evidence indicates that the 
l-x-phellandrene—maleic anhydride adduct is derived from 8-phellandrene and maleic 
anhydride by thermal decomposition of the primary resinous product and not by prior 
conversion of the B- into the «-isomeride. 


ALTHOUGH the condensation of maleic anhydride with «-phellandrene (I) has been widely 
studied (Diels and Alder, Annalen, 1928, 460, 116; Littmann, J. Amer. Chem. Soc., 1935, 
57, 586; 1936, 58, 1316; private communication) and has been applied to the detection 
and the determination of this hydrocarbon, no serious attempt has been made to examine 
the condensation with $-phellandrene. In most examples of diene addition of maleic 
anhydride the double bonds constituting the conjugated system are either locked in the 
cis-position as in a-phellandrene, or else, as in aliphatic dienes, are free to assume such a 
“‘ quasicyclic ’’ position (A) (cf. Alder and Stein, Angew. Chem., 1937, 50, 510). 
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The double bonds in 6-phellandrene (II) are locked in the ¢vans-position (B) and examination 
of models of this type indicates that addition of maleic anhydride, or similar olefinic 
compound, to the ends of the conjugated system could take place only with considerable 
strain. Inno analogous case does the reaction appear to have been studied with compounds 
of established constitution, but according to Callow (J., 1936, 462) ergosterol-D, which 
does not react with maleic anhydride at 135° (Windaus and Liittringhaus, Ber., 1931, 64, 
850), has a formula (III) which contains a conjugated system similarly locked in the trans- 
position. Fieser (‘‘ Natural Products related to Phenanthrene,” 1937, p. 173) has stated 
that the formation of a characteristic addition product between ergosterol and maleic 
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anhydride “‘ shows for one thing that both of the double bonds must be located in the 
same ring,’ but this does not necessarily follow, since the double bonds of a conjugated 
system, although distributed between two rings, may yet possess a cts-configuration. 
Thus, both Laucht (Z. physiol. Chem., 1935, 237, 236) and Callow (loc. cit.) regard 
ergosterol-B, as having a structure in which the double bonds occupy the position shown 
in (IV), yet this sterol combines readily with maleic anhydride (Windaus, Amnalen, 1931, 
488, 98), although the formulation of a normal adduct would be at variance with Bredt’s 
rule. 

Abietic acid, for which structure (V) is now considered probable (Fieser and Campbell, 
J. Amer. Chem. Soc., 1938, 60, 159; Ruzicka and Sternbach, Helv. Chim. Acta, 1938, 21, 
565), reacts with maleic anhydride only above 100° to yield the same addition product 
as that obtained (Bacon and Ruzicka, Chem. and Ind., 1936, 546) from devo-pimaric 


acid, for which formule (VIa) (Fieser, op. cit., p. 346) and (VIb) (Ruzicka and Sternbach, 


loc. cit.) are suggested. It is, therefore, inferred that the conversion of the more stable 
isomeride into the addition product proceeds through an isomerisation at the elevated 
temperature to levo-pimaric acid. Sandermann (Sezfens. Zig., 1937, 64, 421) has noted 
that, although less reactive than a-phellandrene, which reacts rapidly with a solution of 
maleic anhydride at the ordinary temperature, 8-phellandrene at 135° yields an amorphous 
or resinous polymeric product. A normal addition product was not expected, since its 
formulation (VII) would contravene Bredt’s rule. The known tendency for an exocyclic 
double bond to migrate into the ring under the influence of acids suggests that the 
condensation takes place through an intramolecular rearrangement such as seems probable 
in the case of abietic acid. 
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The resinous products of the reaction between maleic anhydride and /-6-phellandrene 
under various conditions yielded on vacuum distillation a small amount of material which 
appeared from its melting point, mixed melting point and optical rotation to consist mainly 
of the same compound as that obtained by the condensation of /-«-phellandrene and maleic 
anhydride (Goodway and West, J. Soc. Chem. Ind., 1937, 56, 472T; Nature, 1937, 140, 
934). In view of the difficulty of purifying the small quantity of material available from 
the $-isomeride, the identity of the two products was confirmed by the preparation and 
comparison of crystalline esters. Although the methyl, ethyl, and isopropyl esters 
corresponded in analysis to monoalky]l esters, they displayed no acid properties; they were 
insoluble in cold alkali and their alcoholic solutions could not be titrated. They probably 
correspond to the lactonic form (IX) of the adduct (VIII) (cf. the corresponding acid of 
Diels, Koch, and Frost, Ber., 1938, 71, 1163, from «-terpinene and maleic anhydride) and 
their constitution is being further investigated. 
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The levorotatory $-phellandrene used in these experiments was derived from the oil 
of Abies balsamea, Miller (Canada balsam oil), which yields the purest 6-phellandrene 
obtainable (Macbeth, Smith, and West, this vol., p. 119). The absence of «-phellandrene 
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can be concluded from the following: (a) no trace of «-phellandrene could be detected 
by the procedure of Goodway and West (J. Soc. Chem. Ind., 1937, 56, 4721) or of Birch 
(J. Proc. Roy. Soc. New South Wales, 1938, 71, 54). (b) The maleic anhydride value of the 
6-phellandrene, determined by the method of Kaufmann, Baltes, and Josephs (Ber., 1937, 70, 
908), increased in direct proportion to the period of heating during the reaction, the curve 
(Goodway and West, J. Soc. Chem. Ind., 1938, 57, 37) showing no point of inflexion such as 
would be anticipated from the very different rates of reaction of the two isomerides if both 
were present. (c) The maleic anhydride value (9-4) determined after two hours’ heating 
at 100°, a period shown to be sufficient for complete reaction of any «-phellandrene present, 
corresponded to a “ phellandrene ”’ content of only 5%, the §-phellandrene being assumed 
to remain inactive during this period. (d) After a sample of the terpene had been treated 
with sufficient maleic anhydride to react with the amount of a-phellandrene corresponding 
to the adduct isolated, the unreacted §-phellandrene gave, on prolonged treatment with 
maleic anhydride solution and vacuum distillation of the resinous product, a yield of the 
/-a-phellandrene—maleic anhydride adduct corresponding to that obtained in the earlier 
experiments. , 

Attempts were made to isolate the /-a-phellandrene-maleic anhydride acduct from 
l-6-phellandrene by a process not involving distillation. Ether extraction of the resinous 
product obtained by evaporating the solvent at 80° was unsuccessful, but, after the resin 
had been heated for an hour at 180—200°, the extract yielded a small amount of material 
apparently identical with the above adduct but which could not be freed from the 
accompanying resinous material. It appears probable, therefore, that the /-«-phellandrene- 
maleic anhydride adduct isolated in these experiments is derived by the thermal decompos- 
ition of the primary resinous material obtained and not by prior conversion of the 8- 
phellandrene into the «-isomeride. If abietic acid is correctly represented by formula (V), 
the mechanism of the condensation of maleic anhydride with $-phellandrene and with this 
acid would appear to be analogous, since in the latter case also, there is no evidence that 
levo-pimaric acid is formed before the condensation occurs. 


EXPERIMENTAL. 


I-8-Phellandrene obtained from Canada balsam oil was separated from other constituents 
(mainly a- and $-pinene; Smith and West, J. Soc. Chem. Ind., 1937, 56, 3001) by systematic 
fractionation under reduced pressure. Batches having the following constants were used, all 
of which gave similar results: 5° 0-8497—0-8505, a2” — 43-2° to — 50-25°, n>” 1-4800—1-4805. 

Condensation of 8-Phellandrene and Maleic Anhydride.—(i) I-8-Phellandrene (10 g.), maleic 
anhydride (7 g.), and benzene (10 ml.) were heated on the water-bath under reflux for 3 hours, 
giving a yellowish-red opalescent liquid. Solvent and unchanged terpene, together with some 
maleic anhydride, were removed at 80°, and the residue distilled at3mm. The fraction collected 
at 100—175° solidified on standing and after recrystallisation from methyl alcohol had m. p. 
107° (sintering at 87°); yield, 1-3 g. (7-6%). Repeated crystallisation raised the m. p. to 124— 
126° (not depressed by authentic /-«-phellandrene—maleic anhydride adduct) but ceduced the 
yield to 0-2 g. 

(ii) /-8-Phellandrene (10 g.), maleic anhydride (7 g.), and benzene (10 ml.) were heated on the 
water-bath under reflux for 12 hours. After the first hour the reaction mixture separated into 
a clear mobile upper layer, consisting mainly of the solvent, and a viscous opalescent lower 
layer, probably polymeric (if left at this stage, the lower layer changed in a few days into a 
solid brown resin). When this was worked up as before, a very small amount of material, m. p. 
119° (sintering at 111°), was obtained which could not be purified. 

These experiments are typical of many, carried out under comparable conditions, in which 
the course of the reaction appeared to depend on slight variations in procedure and the yield 
of the required product decreased in proportion to the amount of separation which occurred. 
Redistillation of the terpene and of the maleic anhydride immediately before use, alteration of 
the order of addition of the reactants, of the initial rate of heating and agitation did not indicate 
the cause of the variation and the variable nature of the course of the reaction under apparently 
identical experimental conditions may be of importance when the formation of a monomeric or 
polymeric maleic anhydride addition product is employed as a means of identifying diene 
hydrocarbons (cf. Bacon and Farmer, J., 1937, 1065). The use of acetone instead of benzene 
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as solvent gave a similar variable yield, although layer formation was not observed owing to 
its solvent power for the resin. 

(iii) The maximum yield of the /-«-phellandrene-maleic anhydride adduct was obtained 
as follows : /-8-phellandrene (10 g.), maleic anhydride (7 g.), and benzene (10 ml.) were heated 
on a hot plate under reflux for 18 hours. On distillation as before, the fraction, b. p. 160— 
180°/3 mm., gave by crystallisation from methyl alcohol 1-35 g. (7-8%) of a product, m. p. 
118° (sintering at 106°). Repeated crystallisation raised the m. p. to 124-5—126° (not depressed 
by authentic /-«-phellandrene—maleic anhydride adduct), [a] — 8-73° (c, 5-04 in chloroform). 

Methyl, Ethyl and isoPropyl Esters from 1-a-Phellandrene—Maleic Anhydride Adduct.—The 
adduct (5—10 g.) obtained from /-«-phellandrene and maleic anhydride was boiled under reflux 
for 7—8 hours with a saturated solution of hydrogen chloride in the alcohol (10 ml. per g.). The 
bulk of the alcohol was then removed by evaporation under reduced pressure; the esters 
crystallised, on cooling, in 80—90% yield. They were recrystallised from light petroleum or 
light petroleum—benzene. 

Mono-alkyl ester requires: Calc. for di-alkyl ester : Found : 
Ester. .p. C, %. .« “Ee i. "C= Es 
“a 8-3 68-6 8-6 67-7 8-2 
8-6 70-1 9-1 68-5 8-6 
isoPropyl : 8-8 71-4 9-5 69-4 8-9 





0-1378 G. of the methyl ester, dissolved in neutral alcohol by heating to 50°, required 10-3 ml. 
of 0-05n-sodium hydroxide (C,,H,,0,-CO,H requires 10-4 ml.). 0-115 G. of the ethyl ester 
under the same conditions required 8-5 ml. (C,,;H,,;0,-CO,H requires 8-2 ml.). 

Methyl and Ethyl Esters from the Adduct obtained from 8-Phellandrene.—The adduct (0-45 g.) 
was boiled for 8 hours with methyl-alcoholic hydrogen chloride (4-5 ml.). The excess of alcohol 
was evaporated at room temperature under reduced pressure; the crystals separating (0-35 g.) 
had m. p. 97°. After two recrystallisations from light petroleum—benzene the m. p. 103—104° 
was not depressed by the methyl ester obtained from the /-«-phellandrene—maleic anhydride 
adduct. 

Similar treatment of the adduct (0-33 g.) with ethyl-alcoholic hydrogen chloride (3-5 ml.) 
gave a product (0-3 g.), which, after twice recrystallising from light petroleum—benzene, had 
m. p. 98°, not depressed by the ethyl ester from authentic /-«-phellandrene—maleic anhydride 
adduct. 

Treatment of 1-8-Phellandrene free from 1|-«-Phellandrene-—A mixture of /-8-phellandrene 
(13-6 g.), maleic anhydride (1-6 g.), and ether (16 ml.) was boiled under reflux for 30 minutes, 
poured into a beaker, and left overnight. The unchanged terpene was removed by steam- 
distillation and dried over sodium sulphate. It was not possible to isolate any of the /-«- 
phellandrene—maleic anhydride adduct from the resinous solid remaining in the distillation 
flask. The recovered terpene (6-5 g.), maleic anhydride (4-5 g.), and benzene (6-5 ml.) were 
heated on the water-bath for 3 hours, and the product distilled as in (i) above. The fraction 
obtained under the usual conditions, after recrystallising from methyl alcohol, had m. p. 116° 
(sintering at 111°); yield,0-4g. Further recrystallisation raised the m. p. to 123°, not depressed 
by authentic /-«-phellandrene—maleic anhydride adduct. : 

Attempts to isolate the Adduct from 1-8-Phellandrene and Maleic Anhydride without 
Distillation—A mixture of /-8-phellandrene (10 g.), maleic anhydride (7 g.), and benzene (10 
ml.) was heated on the water-bath for 8 hours. Benzene and unchanged terpene were removed 
under reduced pressure at 80°, and the residue heated for an hour at 180—200° under reflux 
and then extracted repeatedly with ether; a white powdery resin remained. The extract 
was evaporated at room temperature, and the oily residue triturated with methyl alcohol. The 
small amount of solid remaining, after recrystallisation from methyl alcohol, had m. p. 113° 
(sintering at 101°) and admixture with authentic /-«-phellandrene—maleic anhydride adduct 
raised the m. p. to 123—125° (sintering at 119°), but the amount of material was insufficient 
for further purification. Repetition of this experiment, the period of heating at 180—200°, 
however, being omitted, yielded material which was completely soluble in cold methyl alcohol 
except for a small amount of resin. 


We thank the Directors of Messrs. Stafford Allen and Sons, Ltd., for the gift of the terpenes. 
THE Str Joun Cass INsTITUTE, Lonpon, E.C. 3. [Received, October 20th, 1938.] 
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385. The Chemistry of Natural Rubber. Part III. The Effect of 
Ammoniation on the Latex of Hevea brasiliensis.* 


By KENNETH C. ROBERTS. 


The constituents of latex preserved with ammonia are isolated by a modification of 
the method described in Part I (this vol., p. 215) and compared with those of fresh 
latex. It is shown that during ammoniation the bulk of the solid matter of latex, 
including the crude hydrocarbon, is profoundly changed within 8 weeks (a minimum 
storage period for most of the latex of commerce). A preliminary study of the 
chemical nature of the more important of these changes is described. 


THE bulk of the liquid latex of commerce is protected against putrefaction by addition 
of 0-7—1-5% of ammonia. It is widely recognised that latex is profoundly affected by 
this procedure, but little insight has hitherto been obtained into the chemistry of the 
changes. The problem has now been approached by applying to latex before and after 
preservation with ammonia the method of analysis described in Part I (this vol., p. 215). 
Ammoniated latex which has been kept under representative conditions of storage 
for periods of 8 weeks to 18 months in general differs in composition from fresh latex 
in the manner shown in the table. The quantitative findings for ammoniated latex, however, 
vary appreciably with the time of storage and with the ammonia content. The analysis 
recorded was made on latex containing 0-7% of ammonia after 18 weeks’ storage. 


Fresh latex. Same latex ammoniated. 
Fraction. . 2 Description. %. Description. 


A. CCl,/Me,CO-sol. matter : 
Water extract . Cryst. . Oily 
Acetone extr. (i) Ligroin-insol. ...... ° Cryst. ° Oily cryst. 
(ii) Ligroin-sol. ......... , Oily cryst. . Non-cryst. oil 
. Elastic solid : Viscid fluid 


B. " Precipitated rubber ”’ : 
Sediment , Cryst. Cryst. 
Water extract . Vitreous . Vitreous 


Crude caoutchene Soluble — Rel. insol. 
* The name crude caoutchol applied to this fraction in Part I is not applicable in the case of 
ammoniated latex (see below). 


Two major quantitative changes resulting from ammoniation are apparent: the in- 
crease in amount of the residue (fraction 4) and the decreased amounts of the water-soluble 
fractions 5 and 6. 

Qualitative changes in the constituents as a result of ammoniation are extensive 
except in the minor fractions 1 and 2. 

The fractions 3, 5, and 6 are isolable from fresh latex as crystalline, readily hydrolys- 
able ‘‘ complexes ’’’ comprising a considerable number of individual substances. The 
corresponding fractions of ammoniated latex consist essentially of the same materials in 
a more or less hydrolysed condition. Detailed examination of these hydrolytic changes 
necessarily awaits a more complete knowledge of the ultimate chemical components of 
latex than is now available. : 

There can be little doubt that these changes affect the properties of rubber derived 
from ammoniated latex, but more significant from this point of view are the changes 
undergone by caoutchol and caoutchene. The elastic crude caoutchol (fraction 4) of fresh 
latex disappears upon ammoniation, and its place is taken by a viscid fluid which further 
differs from crude caoutchol in retaining nitrogenous matter. The crude hydrocarbon 
constituent (7) is isolated from ammoniated latex in a relatively insoluble form which 
retains an appreciable amount of inorganic matter. The procedure which effects a quanti- 
tative removal of mineral-containing matter (fractions 5 and 6) from the “ precipitated 
rubber ” of fresh latex (loc. cit., p. 218) is clearly not efficient when applied to the modified 


material. 
* Preliminary work on this subject has been reported elsewhere (J. Rubber Res. Inst. Malaya, 1938, 


8, 192). 
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Elementary analysis of the impure fractions 4 and 7 of the modified material could 
not be expected to throw any light’on the nature of the changes, and the problem has 
therefore been approached by examining the behaviour of the corresponding constituents 
of fresh latex, namely, crude cdoutchol and crude caoutchene, under the action of dilute 
aqueous ammonia. Under this treatment crude caoutchol, which is normally very soluble 
in the usual rubber solvents, becomes relatively insoluble. Caoutchol so modified would 
necessarily be retained by the hydrocarbon fraction (7) during the above analysis. Crude 
caoutchene from fresh latex undergoes a complex change in contact with dilute aqueous 
ammonia. Solubility evidence indicates that a small portion of it is disaggregated, and 
the major portion reaches a higher degree of association than is found in the naturally 
occurring product. The same change doubtless takes place in ammoniated latex, with the 
consequence that the disaggregated portion, in virtue of its increased solubility, appears, 
together with associated nitrogenous matter, as the residue (4). The diminution in solu- 
bility of the main hydrocarbon fraction is intensified by the presence therein of the modified 
caoutchol; the observed retention of some mineral-containing matter by this mixture 
under the conditions of analysis is readily understood. 


EXPERIMENTAL. 


The differing characteristics of fresh and ammoniated latex and of certain of their con- 
stituents make necessary the use of somehat different analytical procedures in the two cases, 

Analysis of Fresh Latex.—The latex (100 g.), the total solid content of which is determined, 
is evenly distributed over a sheet of plate glass approximately 50 cm. square and is dried at 
45—50° (1—2 hours). The resulting film is added in strips to a mixture of carbon tetrachloride 
(14 vols.) and acetone (9 vols.) (115 c.c. of mixture for each 3 g. of dried film) and is kept in 
subdued light with occasional stirring for 24 hours. The homogeneous dispersion is then 
treated with a volume of acetone equal to that already used (45 c.c. for each 3 g. of dried film). 
The further procedure is as described in Part I (loc. cit., p. 218). 

Analysis of Ammoniated Latex.—The viscosity of ammoniated latex is low relative to that of 
fresh latex, and it is convenient to dry 100 g. of the liquid by distributing 50 g. on each of two 
plate-glass sheets 50 cm. square. 

The dried film from ammoniated latex does not form a homogeneous dispersion in the carbon 
tetrachloride—acetone reagent. To ensure complete extraction of soluble matter from the dried 
film, the mixture is kept with occasional stirring for at least 48 hours before being treated with 
the precipitant. The remaining procedure is in general as usual; but the diminished solu- 
bility of the main hydrocarbon fraction of ammoniated latex may render the isolation of the 
sediment from the “ precipitated rubber ”’ by centrifugation impracticable. In this event the 
dispersion of the “‘ precipitated rubber ”’ in benzene is immediately subjected to the treatment 
with water. The water-soluble sediment and the water extract will thus be isolated as a single 
fraction (5 + 6. See Table). 

The ammoniated latices examined had been stored either in the dark (metal drums) or in 
diffuse daylight (glass vessels). Neither diffuse daylight nor the type of container has been 
observed to affect the results of analysis. 

Observations on the Constituents.—Fraction 1. Isolated from ammoniated latex, this material 
is completely soluble in ethyl alcohol and is therefore free from quebrachitol, but is otherwise 
indistinguishable from the corresponding fraction of fresh latex. 

Fraction 2. Changes produced by ammoniation are of minor interest and have not yet been 
studied. 

Fraction 3. The material isolated from fresh latex readily crystallises when kept (see /. 
Rubber Res. Inst. Malaya, 1938, 8, 181) and is an ester-complex which is readily hydrolysed by 
alcoholic potassium hydroxide but not by cold dilute aqueous alkali. The corresponding 
material from ammoniated latex is an oil, uncrystallisable at room temperature. Extraction 
of the oil with light petroleum in presence of cold dilute aqueous alkali separates it into acidic 
and alcoholic fractions, the investigation of which is in progress. 

Fraction 4. This elastic, hydrolysable constituent of fresh latex (crude caoutchol; loc. 
cit., p. 224) is ash- and nitrogen-free. The corresponding viscid fraction of ammoniated latex 
is ash- and quebrachitol-free, but contains nitrogen (Found: N, 0-3%). It gives no evidence 
of being saponified when heated for 1 hour with 1% aqueous sodium hydroxide. 

Crude caoutchol (20 g.), isolated from 2 1. of fresh latex, was added in the form of a’thin 
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sheet to water (2 1.) containing 0-7% by weight of ammonia, and the mixture was kept for 
8 weeks with intermittent shaking. In this way the concentrations and storage period for 
typical ammoniated latex were closely imitated. At the end of the period the aqueous liquor 
was pale yellow and almost clear, and frothed when shaken. From it was isolated a small 
amount of a complex mixture of organic acids, including the sulphur-containing constituent 
of crude caoutchol mentioned in Part II (this vol., p. 224). The insoluble portion of the reaction 
mixture was opaque, cream-coloured, and spongy. Washed, passed through the closed rolls 
of a mill, and dried in a vacuum, it was a highly elastic, tough, yellow substance, insoluble 
in ether and only very slowly dissolved by the usual rubber solvents. 

Fractions 5 and 6. These mineral-containing fractions of fresh latex, after being heated for 
30 minutes with 3n-sulphuric acid, both give normal positive reactions with ammoniacal silver 
nitrate, Fehling’s solution, and ammonium molybdate. The untreated materials, on the 
other hand, do not reduce Fehling’s solution and do not give normal reactions with ammoniacal 
silver nitrate or with ammonium molybdate. Both materials contain small amounts of nitro- 
genous matter (ninhydrin) (Found for fraction 5: N, 0-5; for fraction 6: N,3-5%). Fractions 
5 and 6 of fresh latex thus consist of ‘‘ complexes ”’ comprising reducing substances, nitrogenous 
matter and mineral phosphates (for the cations of latex, see Rae, Analyst, 1928, 53, 330). The 
corresponding untreated fractions of ammoniated latex give normal positive reactions with the 
above reagents. 

Fraction 7 (crude caoutchene). Isolated from fresh latex, this material is readily soluble in 
the usual rubber solvents and is virtually ash-free. The corresponding material from am- . 
moniated latex burns with an appreciable ash and is difficultly and incompletely soluble. Both 
forms retain the bulk of the nitrogenous matter of latex (Found for caoutchene of fresh latex : 
N, 0-4; for caoutchene of the same latex after 4 weeks’ ammoniation: N, 0-4%). 

Crude caoutchene from fresh latex was treated with dilute aqueous ammonia in the same 
manner as crude caoutchol (see above). After 8 weeks the ammoniacal liquor contained only 
a negligible amount of dissolved solid matter. The caoutchene, after being washed, sheeted, 
and dried in a vacuum, was obtained as a tacky, light brown product, a portion of which was 
readily dissolved in 3—4 hours by the usual rubber solvents. The decanted clear solutions 
contained small amounts of viscid, semi-fluid material. The major, undissolved portion slowly 
swelled in the solvents, but remained to a large extent undissolved by benzene, carbon 
disulphide, ether and ligroin even after 24 hours. A higher degree of dispersion was observed 
in chloroform, carbon tetrachloride, and toluene, but in these media also, solution was » 
incomplete in 24 hours. 


I am indebted to Mr. K. C. Sekar, B.Sc., for the nitrogen determinations, and to the Director 
of this Institute for permission to publish the results of the investigation. 


RuBBER RESEARCH INSTITUTE OF MALAYA, 
Kuata Lumpur, F.M.S. [Received, August 30th, 1938.] 





386. The Hydrogenation of Simple Sulphur Compounds. Part III. 
Reactions of Carbonyl Sulphide and Methylthiol. 


By B. CRAWLEY and R. H. GRIFFITH. 


The hydrogenation of carbon oxysulphide (carbonyl sulphide) has been studied 
between 125° and 200° with nickel subsulphide as the catalyst. From about 150° 
upwards, the reaction is of the first order with respect to carbon oxysulphide, but 
at lower temperatures some retardation occurs. 

Hydrogenation of methylthiol is also of the first order with respect to the sulphur 
compound, at 200—300°. These results are compared with those previously obtained 
for carbon disulphide and sulphur dioxide, and are discussed with reference to data 
for the adsorption of the reactants on nickel subsulphide. 


Part II of this series (this vol., p. 720) dealt with the hydrogenation of carbon disulphide 
and of sulphur dioxide in the presence of nickel subsulphide. The behaviour of carbon 
oxysulphide and of methylthiol under similar conditions has now been investigated. 
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EXPERIMENTAL. 


Catalyst pellets occupying 3 c.c. or less were heated as before. The required mixtures of 
pure dry hydrogen with the sulphur compounds were obtained by passing the gas through 
a wick carburettor (see following paper) containing liquid carbon oxysulphide or liquid methyl- 
thiol cooled to — 78°. Purification of the reactants was carried out by the methods described 
in Part I (this vol., p. 717). For hydrogenation of carbon oxysulphide, the hydrogen was 
passed at 236 c.c./min., equal to 0-5 cu. ft./hour; this is half the rate used in the previous 
experiments with carbon disulphide or sulphur dioxide, but the concentrations of the sulphur 
compounds were similar, with respect to the actual sulphur content, in all four series of 
experiments; in order to facilitate comparison, the present results are expressed in mg. per 
cu. ft. of gas. For hydrogenation of methylthiol the rate of hydrogen passage was 472 c.c./min. 

In the preparation of methylthiol by the mild hydrogenation of carbon disulphide, it was 
found preferable to separate it from hydrogen sulphide by fractionation of the mixed liquids 
rather than by removal of hydrogen sulphide with a chemical reagent. 

Hydrogenation of Carbon Oxysulphide.—The inlet concentration of carbon oxysulphide was 
determined by combustion of the gas leaving the carburettor, the products being absorbed in 
hydrogen peroxide solution (20 vols.), and the sulphuric acid formed being titrated with n/50- 
sodium hydroxide (cf. following paper). The gas leaving the catalyst tube was passed through 
cadmium acetate solution for determination of hydrogen sulphide, and was then burned as 
before. The figures thus obtained for total sulphur at inlet and outlet of the reaction tube gener- 
ally showed a small loss of sulphur, but no trace of methylthiol could be detected in the products. 

Two sets of experiments were carried out, 3 c.c. of catalyst space being used in one, and 
about half that quantity in the other, the concentration of carbon oxysulphide being varied from 
23 to 47 mg. per cu. ft. The results of the second series are shown in Fig. 1 for two different 
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concentrations of carbon oxysulphide, and the data from the first series appear in the table. 
It appears from these that, above about 150°, the reaction is of the first order with respect to 
carbon oxysulphide, but that at lower temperatures some retardation takes place and the 
reaction approaches zero order. 

As pointed out in relation to previous experiments with nickel subsulphide, it is not possible 
to investigate the effect of working with an excess of the sulphur compound and a deficiency 
of hydrogen because under such conditions the composition of the catalyst would not remain 
unchanged. 

The precise cause of the retardation at low temperatures is not clear, but the following figures 
in conjunction with adsorption data (this vol., p. 717) suggest that it is due to van der Waals 
adsorption of carbon oxysulphide. When this type of adsorption ceases between 150° and 200°, 
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the reaction takes place by collision of carbon oxysulphide with adsorbed hydrogen, and the 
reaction becomes of the first order with respect to the sulphur compound. 


Hydrogenation of Carbon Oxysulphide. 


Catalyst space, 3 c.c. 
Inlet Outlet Conversion of COS, Inlet Outlet Conversion of COS, 


Cos, Cos, COs, Cos 
mg./ mg./ mg. / mg./ mg-| mg./ 
Temp. cu. ft. cu. ft. cu. ft. %. Temp. __cu. ft. cu. ft cu. ft. %. 
150° 43-9 9-4 34-5 78-6 150° 26-8 0 26-8 100 
150 43-9 8-1 35:8 81-5 150 26-8 0 26-8 100 
144-5 46-1 15-6 30-8 68-4 150 25-9 1- 24-8 95-8 
142 46-1 19-1 27-0 58-6 142 27-2 3: 23-7 87-1 
132-5 46-1 36-0 10-1 21-9 132 27-2 9- 17-3 63-6 
131 46-1 32-5 13-6 29-5 125 27-6 13- 14-1 51-1 
125 46-9 36-6 10-3 22-0 125 27-6 15- 12-1 43-8 
125 46-9 40-1 6-8 14-5 


In comparison with carbon disulphide, carbon oxysulphide reacts almost equally readily 
with hydrogen when there is a low concentration of sulphur in the system, but more quickly 
at high concentration on account of the vigorous retardation caused by covering of the catalyst 
by carbon disulphide. If the two sulphur compounds were in competition, however, there 
is no doubt that carbon disulphide would suppress the hydrogenation of carbon oxysulphide 
very appreciably by limiting the space available for adsorption of hydrogen. The experi- 
mental investigation of such conditions presents great difficulties in the way of analysis, however, 
and no attempt has been made to carry it out. 

Hydrogenation of Methylthiol—The inlet concentration of thiol was determined by passing 
the gas through n/10-silver nitrate solution; after removal of the precipitated silver thiol, 
the residual silver nitrate was titrated with n/10-potassium thiocyanate solution. Analysis 
of the reaction products was carried out by washing the gas with 10% cadmium chloride solution 
containing 1% of free hydrochloric acid in two Arnold bubblers, followed by n/10-silver nitrate 
solution. Preliminary tests showed that under these conditions only a small proportion of 
hydrogen sulphide escaped into the silver solution, and no more satisfactory method could 
be devised. The experimental errors introduced into this series of experiments are accordingly 
somewhat greater than in working with other sulphur compounds, and the results are subject 
to corrections of + 5%. 

In Fig. 2 are given the results of tests where the inlet concentration of thiol varied fro 
14-1 mg./cu. ft. to 25-0 mg./cu. ft. and the catalyst space was 3c.c. The reaction is seen to be 
of the first order with respect to methylthiol, and appreciable reaction begins in the temperature 
range 200—250° where activated adsorption of methylthiol on nickel subsulphide has been 
found to take place. The fact that carbon disulphide is considerably more easily decomposed 
by hydrogen than is methylthiol is emphasised by the data for the two reactions, and makes 
possible the isolation of methylthiol from the products of mild hydrogenation of carbon 
disulphide. 

The whole of the sulphur, in both the hydrogenation reactions described above, is 
converted into hydrogen sulphide. Although the reactions are both of the first order with 
respect to the sulphur compounds, the mechanism of the two reactions is essen ‘ially differ- 
ent. In view of the data previously published, it is clear that only van der Waals adsorption 
of carbon oxysulphide takes place on the catalyst. Since this substance also is now shown 
to retard its own hydrogenation in the temperature range where the adsorption is measur- 
able, it appears to be unlikely that a molecule of carbon oxysulphide held by this type of 
adsorption can react with an adsorbed hydrogen atom. This view is in agreement with 
much other evidence concerning the distinction between van der Waals and activated 
adsorption, and suggests that carbon oxysulphide can react simply by collision with 
adsorbed hydrogen. 

Methylthiol, on ‘the other hand, only reacts when it is held on the surface by activated 
adsorption, and the slow rate of this step leads to a considerably smaller relative reaction 
velocity. 


FuLHAM LABORATORY, THE GaS LIGHT AND COKE Co., 
Lonpon, S.W. 6. [Received, October 8th, 1938.] 
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387. The Catalytic Oxidation of Carbon Disulphide and Carbonyl 
Sulphide. 


By R. H. GrirritH and S. G. HIit. 


When mixtures of air and low concentrations of carbon disulphide were passed 
through a glass tube at temperatures above 140°, non-explosive oxidation occurred with 
simultaneous production of ozone. This homogeneous oxidation was difficult to 
suppress, and a study of: heterogeneous oxidation, in contact with nickel sulphide, 
was only made possible by the addition of small amounts of ethylene to the reactants. 
The heterogeneous reaction was of zero order with respect to carbon disulphide. 

Carbon oxysulphide (carbonyl sulphide) does not undergo homogeneous oxidation 
so readily, and no difficulty was found in experimenting with the heterogeneous re- 
action alone. This was of first order with respect to carbon oxysulphide, but was 
retarded by sulphur dioxide. 

These observations are discussed with respect to previous data on the adsorption of 
gases by nickel subsulphide. 


ALTHOUGH information is available concerning the explosion of mixtures of oxygen with 
carbon disulphide and carbon oxysulphide (Thompson, Z. phystkal. Chem., 1930, 10, B, 
273; 1931, 12, B,327; 14, B, 359), the oxidation of these substances by contact catalysis 
has not been described. The fact that they can be converted into oxides of sulphur with 
nickel sulphide as the catalyst has been shown by one of us (Griffith, Inst. Gas Eng., 1937, 
Publication 175, 48), and the present investigation was undertaken to study the kinetics 


of the reactions. 
EXPERIMENTAL. 


The preparation of nickel subsulphide has already been described (Griffith and Hill, this 
vol., p. 717). The apparatus used was similar to that employed for the hydrogenation of carbon 
disulphide (Crawley and Griffith, ibid., p. 720), temperatures being measured with a thermo- 
couple embedded in the catalyst. The purification of the carbon oxysulphide was carried out 
as before. 

Oxidation of Carbon Disulphide.—A stream of air dried by phosphoric oxide was passed 
through a carburettor containing liquid carbon disulphide cooled with crushed ice. This 
part of the apparatus is shown in Fig. 1, and was designed by Dr. E. Spivey in this laboratory. 
Carbon disulphide vapour is drawn into the gas stream at B from a woollen wick dipping into 
the liquid in the flask A. The concentration of carbon disulphide in the air stream depends 
on the level of the top of the wick, which can be varied as desired. In order to obtain steady 
results over long periods, the level of the ice in the outer Dewar flask must be maintained. 

About 10 g. of nickel subsulphide were heated in a hard-glass tube of 2 cm. diameter by an 
electric resistance furnace, and a stream of 472 c.c. per minute of air was passed through the 
system. The reaction products were led into neutral hydrogen peroxide solution (20 vols.) 
and then into methyl alcohol containing 10% of potassium hydroxide. The former solution 
was titrated with n/50-sodium hydroxide for determination of sulphur dioxide as sulphuric acid, 
and the latter was acidified with acetic acid and titrated with n/50-iodine solution to give the 
amount of unchanged carbon disulphide. 

It was observed, however, that oxidation of carbon disulphide took place in the empty tube 
at temperatures above 150°, as would be expected from Thompson’s results. The experimental 
data were not closely reproducible when obtained by rising or falling temperatures severally, 
but the general character of the homogeneous oxidation and the influence of changes in the 
concentration of carbon disulphide is shown by the curves of Fig. 2. 

Production of ozone during homogeneous reaction. At 150—160° and 65 mg. of carbon di- 
sulphide per hour, the smell of ozone was easily detected in the reaction products. Its presence 
was confirmed by a positive result with the tetramethyldiaminodiphenylmethane test, and 
negative results with Griess reagent or with titanic chloride. Quantitative determinations with 
neutral potassium iodide solution gave concentrations of the order of 0-5 mg. of ozone per hour. 
No previous record of the formation of ozone during the slow oxidation of carbon disulphide can’ 
be found, but it is evidently due to the presence of atomic oxygen. 

Separation of the homogeneous and the heterogeneous reaction. In air—carbon disulphide 
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mixtures, the presence of 10 g. of nickel subsulphide in the tube was without appreciable effect 
on the oxidation, and when the whole length of the tube (60 cm.) was packed with china-clay 
pellets or with glass wool, the homogeneous reaction still took place vigorously, although a 
temperature some 50° higher was then necessary to give equivalent conversions. 

In view of the presence of ozone in the products it was thought likely that the homogeneous 
reaction might be inhibited by working with a lower oxygen concentration and by adding a 
small quantity of ethylene to the mixture. This possibility was suggested by the known effect 
of ethylene on the ignition of carbon disulphide; Dixon (Rec. Trav. chim., 1925, 46, 305) showed 
that the ignition temperature of carbon disulphide in air was raised nearly 350° by the addition 
of a volume of ethylene equal to that of the carbon disulphide. 
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The results of a series of experiments with 1% oxygen-99% nitrogen mixtures, sometimes 
containing 0-14% of ethylene, and carrying varying amounts of carbon disulphide as before, 
are shown in Fig. 3. Under these conditions a large excess of oxygen was still present; the 
experiments in contact with nickel subsulphide and in presence of ethylene were found to be 
closely reproducible whether reaction temperatures were approached from above or below. 
When ethylene was present, no oxidation took place in the absence of nickel subsulphide. In 
the analysis of reaction products, ethylene was removed by washing with sulphuric acid after 
the hydrogen peroxide and before the alcoholic potash. 

Curves C, D, and E of Fig. 3 show that the actual quantity of sulphur dioxide formed by 
heterogeneous reaction in contact with nickel subsulphide is independent of the concentration 
of carbon disulphide over the range explored. The heterogeneous oxidation of carbon 
disulphide is therefore of zero order with respect to that reagent. 

Oxidation of Carbon Oxysulphide.—A stream of a mixture of 1% oxygen and 99% nitrogen 
was passed through the wick carburettor containing liquid carbon oxysulphide cooled to — 78°, 
at 236 c.c. per minute. None of the usual reagents for the absorption of carbon oxysulphide was 
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satisfactory for quantitative determination in such low concentrations. It was necessary to 
add pure hydrogen to the mixture after removal of. sulphur dioxide by means of hydrogen 
peroxide and then to burn the whole, absorbing the sulphur oxide produced in more hydrogen 
peroxide, and titrating for sulphuric acid with n/50-sodium hydroxide in the usual way. 
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There was no indication of any gas-phase oxidation such as that found with carbon disulphide, 
and the results of the heterogeneous oxidation in contact with nickel subsulphide are shown 
in curves A, B, and C of Fig. 4. These show that the order of the reaction is apparently be- 
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tween zero and first order with respect to carbon oxysulphide, i.e., retardation of a first-order 
reaction occurs. Previous determinations of adsorption on nickel subsulphide (Griffith and 
Hill, loc. cit.) showed that no adsorption of carbon oxysulphide took place above 200°, but that 
very extensive adsorption of sulphur dioxide existed. It seemed likely, therefore, that either 
sulphur dioxide or carbon dioxide was responsible for the retardation. 
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Effect of sulphur dioxide and carbon dioxide. Experiments in which sulphur dioxide was 
added to the reactants (28 mg. per hour, supplied from a reservoir by way of a suitable capillary 
working under a constant head) are summarised by curve D of Fig. 4 and show that vigorous 
retardation is caused by this substance. An addition of 10 mg. per hour of carbon dioxide, 
however, was without any effect on the oxidation. 


CONCLUSIONS. 


The catalytic oxidation of carbon disulphide not only occurs more readily than that 
of carbon oxysulphide, but differences between the mechanism of the two oxidations are 
revealed by this investigation in conjunction with previous data on adsorption. Although 
oxygen is vigorously adsorbed by nickel subsulphide, the fact that the oxidation of carbon 
disulphide is of zero order with respect to that component suggests that the reaction 
occurs by collision of oxygen with adsorbed carbon disulphide. If adsorption of oxygen were 
also necessary, results similar to those found in the hydrogenation of carbon disulphide 
would have been obtained. It is unfortunately not possible to determine the order of 
reaction with respect to oxygen, as the catalyst would be changed to normal nickel sulphide 
under conditions where an excess of carbon disulphide was present. 

The behaviour of carbon oxysulphide is the reverse of that postulated for carbon disulph- 
ide. Oxygen adsorbed by the catalyst reacts by collision of carbon oxysulphide, which 
is not adsorbed by nickel subsulphide, the amount of oxidation depending on the pressure 
of carbon oxysulphide but also suffering some retardation owing to covering of the 
catalyst by sulphur dioxide. 


FutHAM LABORATORY, THE Gas LIGHT AND COKE Co., 
Lonpon, S.W. 6. [Received, October 8th, 1938.} 





388. The Ether-soluble Constituents of Sarsaparilla Root. Part II. 
By James C. E. Smmpson and NorMAN E. WILLIAMS. 


The liquid fraction of the non-saponifiable matter obtained from the ether-soluble 
material of sarsaparilla root consists of a highly complex mixture of unsaturated 
alcohols and hydrocarbons, probably containing azulene. Treatment of two of the more 
volatile fractions with 3: 5-dinitrobenzoyl chloride gives traces of a substance, 
C,;H,,0,N,, m. p. 111°. From the alcoholic components of the mixture, a hexenol 
and an octadecenol have been isolated as their crystalline pyruvic ester semicarbazones. 


In continuation of our examination of the ether-soluble material of sarsaparilla root we 
have made a partial inspection of the non-saponifiable residues contained in filtrate A’ 
and fraction E (see scheme in previous paper; Simpson and Williams, J., 1937, 735) after 
removal of the mixed sterol benzoates. These residues, after hydrolysis, consisted of a 
very dark, viscous oil, comprising 8% of the total ether-soluble material. The oil was 
characterised by a fragrant and extremely persistent odour, which is entirely absent from 
the original ether-soluble material but immediately becomes noticeable on saponification 
of any of the fatty fractions. 

The more volatile constituents of the oil could be readily distilled without decomposi- 
tion; these were eventually separated into a number of sub-fractions (Table I). 

The odoriferous components of the root were contained almost exclusively in sub- 
fractions 1—6. In the hope of achieving their identification, representative samples 
were treated with (i) nitrosyl chloride, (ii) catalytically activated hydrogen (which caused 
almost complete disappearance of the odour), and (iii) (ii), followed by permanganate 
oxidation. Although reactions readily occurred in every case, no crystalline product 
could be isolated. Esterification of sub-fractions 3 and 6 with 3 : 5-dinitrobenzoyl chloride, 
however, yielded a minute amount of an unidentified substance, m. p. 111°, of empirical 
formula C,;H,,O,Ng. 

The (primary) alcoholic components of sub-fractions 1—6 were then isolated collectively 
with phthalic anhydride and converted into their pyruvic esters. Treatment of this 
ester mixture with semicarbazide acetate furnished a crystalline pyruvic ester semicarbazone, 
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C19H,,0;N3, m. p. 115°; the ester is therefore that of a hexenol. A primary hexenol 
has been isolated in similar fashion by Ruzicka and Schinz (Helv. Chim. Acta, 1935, 18, 
381) from the odoriferous components of violet leaf oil; the melting point of the violet 
leaf ester given by these authors is almost identical with that of our sarsaparilla compound, 
but their analysis indicates contamination with the ester-semicarbazone of m-hexy]l alcohol. 
As the melting point of the latter compound is 144° (Ruzicka and Schinz, Joc. cit.), the 
identity of the two hexenols seems doubtful. 

From the mixture of alcohols isolated from the higher sub-fractions (15, 17—20) we 
have obtained a second pyruvic ester semicarbazone, C..H,,O,N5, m. p. 137°; the formula 
of the related alcohol is therefore C,,H,,0. The possibility that this octadecenol might 
be the biological precursor, or product, of oleic acid seems to be discountenanced by its 
method of isolation, which, from analogy with the work of Chibnall, Piper, Pollard, Smith, 
and Williams (Biochem. J., 1931, 25, 2095) on long-chain saturated alcohols, indicates that 
it is probably a secondary alcohol. Lack of material has prevented structural work on 
this compound. 

The mixed non-alcoholic components of the higher sub-fractions (15, 17—20) were 
submitted to selenium dehydrogenation. A vigorous reaction occurred at 290—300°, 
indicating the probable polyenic or hydroaromatic character of the material, but no solid 
picrate or trinitrobenzene compound could be obtained from any fraction of the product. 

Indications were obtained of the presence of azulene in sub-fraction 16, but no positive 
identification could be realised. 

In Part I we drew attention to certain discrepancies between the results therein reported 
and the earlier findings of Power and Salway (J., 1914, 105,201). The present investigation 
has emphasised this dissimilarity, for no mention is made by these authors of the material 
which we have now examined or of any of the products which we have isolated. 


EXPERIMENTAL, 


(Melting points are uncorrected.) 

The filtrates from the sterol benzoates previously isolated were evaporated, and the residual 
material refluxed for 5} hours with its own weight of potassium hydroxide in 90% alcohol 
(8-5 vols.). After removal of two-thirds of the alcohol by distillation the solution was largely 
diluted with water and extracted with ether. The washed and dried extract was evaporated, 
and the residue roughly fractionated at 1 mm., 100 g. yielding the following fractions: (I) b. p. 
— 120°, 17-1 g.; (II) 120—200°, 19 g.; (III) 200—220°, 14-6 g.; (IV) 220—230°, 3-3 g.; 
residue, approx. 40g. Redistillation of fraction (I) at 20 mm. gave (Ia) b. p. — 70°, 3-0 g.; (Ib) 
70—120°, 4:0 g.; (Ic) 120—130°, 5-7 g.; (Id) 130—140°, 2-2 g. Fractions (Ia) and (Ib) were 
combined and carefully refractionated, yielding sub-fractions 1—10 (Table I). Fraction (II) 
(after removal of solid paraffins which separated on standing; m. p. 46—-47° after recrystallis- 
ation from acetone) was combined with fractions (Ic), (Id), and the residue from sub-fraction 
10, refractionation of the mixture giving sub-fractions 11—20 (Table I). 


TABLE I, 


Sub-fraction. B. p. Pressure. Wt. (g.). Sub-fraction. B. p. Pressure. Wt. (g.). 
—T75° 20 mm. 0-69 131—138° 20mm. 1-80 
81—83 0-34 138—144 ‘1-61 
83—86 ‘ 0-85 148—150 1-57 
90—95 0-36 150—157 3-86 
95—96 0-31 140—150 1-92 
100—105 "0-70 150—160 1-90 
105—110 0-44 160—170 1-87 
110—115 0-46 170—180 | 2-30 
120—122 0-28 180—190 ; 2-97 
10 130—131 - 1-20 190—200 2-24 
Found for (3): C, 77-4; H, 10-4; active H (Zerewitinoff determination), 0-37%. Found for (5) : 
C, 77-5; H, 10-2%. Found for (6): active H, 039%. Found for (9): C, 81-3; H, 10-1; active H, 
0-23%. Found for (10): active H, 0-16%. The reactions of (3), (6), (9), and (10) with tetranitro- 
methane were positive. 
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After sub-fractions 1—6, which were almost colourless, the colour rapidly deepened up to sub- 
fraction 16, which was deep blue; beyond this point the colour faded somewhat. 
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Substance, m. p. 111°.—A sample of sub-fraction (3) was dissolved in pyridine and heated 
with its own weight of 3 : 5-dinitrobenzoyl chloride for 3 hours on the steam-bath. The solution 
was decomposed with ice and dilute sulphuric acid and worked up in the usual manner; the 
product separated from benzene-light petroleum in prismatic needles, m. p. 110—111° (Found : 
C, 56-7; H, 3-1. C,;H,,0,N, requires C, 57-1; H, 3-4%). This substance was also obtained 
in very small amount by similar treatment of sub-fraction (6). 

Alcohol, C,H,,0.—Sub-fractions 1—6 were combined (2-02 g.) and refluxed for 183 hours 
with phthalic anhydride (2-3 g.) in pyridine (30 c.c.); the solution was then poured into dilute 
hydrochloric acid and extracted with ether. The extract was washed with warm 4% sodium 
carbonate solution and water, dried, and evaporated. The residue was refluxed with sodium 
ethoxide in benzene (compare following paragraph), and the product, isolated in the usual 
manner, treated with dry hydrogen chloride. No crystalline hydrochloride could, however, 
be obtained. 

The sodium carbonate solution was acidified, and the acid phthalates, isolated with ether, 
refluxed with a solution of sodium (1 g.) in alcohol (10 c.c.) and benzene (20c.c.). The resultant 
mixture of alcohols (300 mg.) was heated for 3 hours at 110° with excess of freshly distilled 
pyruvic acid, after which the neutral product, isolated by precipitation with water and extraction 
with ether, was refluxed with an alcoholic solution of semicarbazide acetate. The pyruvic ester 
semicarbazone was precipitated with water and crystallised repeatedly from benzene-—light 
petroleum, from which it separated in small needles, m. p. (constant) 114—115° (Found: C, 
53-35; H, 7-5; N, 17-8. Cy 9H,,O3,N; requires C, 52-9; H, 7-5; N, 18-4%). 

Sub-fraction (16).—The colour of this fraction indicated the presence of azulene. It (0-9 g.) 
was accordingly shaken for 20 hours with a saturated solution of hydroferrocyanic acid (compare 
Ruhemann and Lewy, Ber., 1927, 60, 2459). The resultant grey precipitate was washed with 
ligroin, decomposed with cold 5% sodium hydroxide solution, and extracted with ether. The 
residue from the dried and evaporated ethereal solution was treated with alcoholic picric acid, 
whereby a very small amount of a black crystalline solid was obtained, m. p. 115—120° 
(decomp.); the amount was insufficient for further purification. 

Alcohol, C,,H,,0.—Sub-fractions 15, 17—-20 were combined and treated with phthalic 
anhydride by the method already described. The ethereal solution of the product, after removal 
of pyridine, was washed with warm 4% sodium carbonate solution, but no acid phthalates 
were extracted by this means, the absence of primary alcohols being thus indicated (Chibnall 
et al., loc. cit.). Aqueous extraction of the ethereal solution, however, removed a considerable 
quantity of material, which was precipitated by acidification and collected with ether. It 
was then saponified by heating under reflux for } hour with alcoholic sodium ethoxide (50 c.c. 
of 17%) and benzene (150 c.c.). Water was then added, and the benzene layer washed, dried, 
and evaporated. The semi-crystalline residue (2 g.) was heated with freshly distilled pyruvic 
acid (6-2 g.) for 3} hours at 1L0—120°, and the neutral product from this reaction converted 
into the mixed semicarbazones in alcoholic solution. The latter were precipitated with water 
and repeatedly crystallised from methanol, from which the pyruvic ester semicarbazone of the 
octadecenol separated in rosettes of needles, m. p. 137—-137-5° (Found: C, 66-8; H, 10-5; N, 
10-5. C,.H,,O,N, requires C, 66-8; H, 10-5; N, 10-6%). 


UNIVERSITY OF Lonpon, KING’s COLLEGE. (Received, October 27th, 1938.] 





389. The Triterpene Group. Part IV. The Triterpene Alcohols of 
Taraxacum Root. 


By SypNEY Burrows and JAMEs C. E. SIMPSON. 


Application of the alumina adsorption method to the non-saponifiable matter of 
Taraxacum root, previously examined by Power and Browning (J., 1912, 101, 2411), 
has disclosed the extreme complexity of the mixture. Seven compounds have so far 
been isolated, namely, three new alcohols (tavaxol, Csg5H,,O;; tavaxerol, C3.5H;,0; and 
y-tavaxasterol, C3,H,,O), taraxasterol, B-amyrin, stigmasterol, and #-sitosterol. The 
“ homotaraxasterol’’’ of Power and Browning is shown to be a mixture, but the 
chemical individuality of taraxasterol is confirmed. The physical constants of the 
latter, the three new alcohols, and their derivatives indicate their probable triterpenoid 


nature. 
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THE common dandelion (Taraxacum officinale) has been the subject of several chemical 
investigations of somewhat inconclusive character. The isolation of apparently pure 
crystalline substances was first reported by Power and Browning (J., 1912, 101, 2411), 
who obtained from the non-saponifiable matter of the root two alcohols, taraxasterol and 
homotaraxasterol, which they described as phytosterols and formulated as C,.H,,O and 
Cy5;H4ygO respectively. More recently, Zellner and Huppert (Monatsh., 1926, 47, 681) 
isolated taraxasterol (evidently slightly impure) from the latex, together with a product 
which they considered to be identical with Power and Browning’s homotaraxasterol, 
despite considerable discrepancies in the physical constants of the respective alcohols and 
their acetates. 

We have recently undertaken a detailed re-examination of the non-saponifiable matter 
of Taraxacum root, because it appeared from the work of Power and Browning that this 
material consisted of an unusually complex mixture, of which taraxasterol and homo- 
taraxasterol formed but a small proportion. After preliminary (and unsatisfactory) 
attempts to resolve the mixture by fractional crystallisation, we employed the method of 
adsorption on activated alumina and fractional elution, a procedure which has disclosed 
the complexity of the material to a degree not evidenced by ordinary crystallisation 
methods. Although we have as yet been unable to make a complete examination of its 
components, we have succeeded in isolating from the non-saponifiable material stigmasterol 
and 6@-sitosterol, together with @-amyrin, taraxasterol, and three new alcohols which we 
have designated tavaxol, taraxerol, and y-taraxasterol; the physical constants of these 
new alcohols and their esters are in Table I. A careful search has failed to reveal the 
presence of ‘‘ homotaraxasterol’’ as a single substance, and in our opinion this material 
is a difficultly separable mixture containing taraxasterol, y-taraxasterol, and possibly 
other unidentified substances (see Experimental). 


TABLE I. 


Alcohol. Acetate. Benzoate. 
‘eimai reap, tay aaa aati, ’ a. 
Name. Formula. M. p. [a]p- M. p. [a]p. M. p. [a]p. 
TRE Gadexdiscadssscece C39H,y.0,; >360° +79° 300° +94° _— — 
TRIN. sisiccissdeescs C39H;,0 270 — 297 8 284° 35° 
~-Taraxasterol ......... Cy9H 590 200 47 235 53 276 72 





TABLE II. 
Constants of Taraxasterol and Derivatives. 
Alcohol. Acetate. Benzoate. p-Nitrobenzoate. 
| a. a ¢ - —. 
M. p. [alp. M. p. [alp. M. p. [alp- M. p. [a]p. 
221—-222° 96-3° 251—252° 102-5° 232° (a) — a —_ 
217—219 95-6 248—250 98-7 (b) 


221—222 95-9 .251—252 100-5 240—241 106-8° 277—278° 98-3° (c) 
(a) Power and Browning, J., 1912, 101, 2411. (6) Idem, J., 1914, 105, 1829. (c) This paper. 


The existence of taraxasterol as a chemical entity, on the other hand, must be deemed 
beyond reasonable doubt, for the physical constants of our preparation are almost identical 
with those recorded by Power and Browning. Moreover, taraxasterol of approximately 
the same degree of purity was later obtained by these workers (J., 1914, 105, 1829) from a 
different source (Anthemis nobilis, which, like. Taraxacum, belongs to the natural order 
Compositae) (see Table II). We have ourselves repeated the isolation of taraxasterol from 
Anthemis nobilis and confirmed its identity with the Taraxacum preparation. 

Zeliner has stated (Stern and Zellner, Monatsh., 1925, 46, 459; Zellner and co-workers, 
ibid., 1926, 47, 681) that the «-lactuceryl alcohol («-laetucerol) first obtained by Hesse 
(Annalen, 1886, 234, 243; 1888, 244, 268) from lactucarium, the latex of Lactuca virosa 
(Compositae), is identical with taraxasterol and also with a number of resin alcohols isolated 
by Zellner from various species of Compositae. Although this statement may be correct, 
it is undoubtedly premature, for Zellner has adduced no formal evidence of identity, and 
furthermore the melting points of his Compositae resinols and their acetates are in all cases 
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appreciably lower than those of taraxasterol and taraxasteryl acetate. Moreover, the 
properties of «-lactucerol from lactucarium have been recently investigated by Bauer and 
Schub (Arch. Pharm., 1929, 267, 413), and Ichiba (Sci. Papers Inst. Phys. Chem. Res. 
Tokyo, 1937, 34, 132) has recorded the isolation of an ‘‘ amyrin-like alcohol ”’ from lettuce 
oil; in both these cases, also, the melting points of the alcohols are considerably lower than 
that of taraxasterol. Until convincing data are available, therefore, the identity of these 
resin alcohols with taraxasterol should, in our opinion, be regarded only as an attractive 
hypothesis. ; 

The elementary analyses of taraxasterol, the new alcohols, and their derivatives do not 
exclude C,,-formulae, but the C,9-formulations advanced in this paper receive provisional 
justification from the physical constants of these compounds, which are strongly indicative 
of their triterpenoid character. Each of the alcohols is unsaturated, and gives positive 
reactions with tetranitromethane and the Liebermann-—Burchard reagent.. In agreement 
with this observation, taraxyl acetate reacts smoothly with perbenzoic acid to give taraxyl 
acetate oxide, m. p. 294—297°, which on alkaline hydrolysis yields taraxol oxide, m. p. 261°. 

Of the three oxygen atoms in taraxol, only one is contained in a secondary (or primary) 
alcoholic group, because the alcohoi forms only a monoacetate on treatment with acetic 
anhydride. The two remaining oxygen atoms are probably oxidic, because the acetate 
does not react with hydroxylamine; the possibility that they may be present as two inert 
carbonyl groups is not, however, excluded. 

An investigation of the structure of taraxasterol has been commenced. The alcohol 
contains an easily reducible double bond, and is oxidised by chromic anhydride under mild 
conditions to a product (probably the corresponding ketone), m. p. 176°. Further work 
is in progress. 

EXPERIMENTAL. 


(Melting points uncorrected; specific rotations in chloroform.) 
Preparation of Non-saponifiable Material_—Dry Taraxacum root was ground and thrice 


extracted, in batches of 3 kg., with boiling carbon tetrachloride (15 1. per extraction per batch). 
Evaporation of the solvent furnished a dark, viscous resin (1-8% of the dry weight of the root), 
which was refluxed, in portions of 110 g., with 10% alcoholic potassium hydroxide solution 
(11.) for 3hours. After removal of 700 c.c. of alcohol by distillation the cold residue was poured 
into water (2 1.) and set aside. The resultant suspension was decanted from a quantity of heavy 
rubber-like material and extracted six times with ether. After drying and evaporation, the 
non-saponifiable material (about 30 g.) was obtained as a light brown, mainly crystalline 
mass. 

Adsorption on, and Fractional Elution from, Alumina.—A dried solution of non-saponifiable 
material (60 g.) in benzene (900 c.c.) was slowly drawn through a column of alumina (500 g. of 
Merck’s “‘ standardisiert nach Brockmann ”’ in a tube of 2-8 cm. diameter); the column was 
washed with successive 500-c.c. portions of benzene until the filtrates (collected separately) 
gave no appreciable residue on evaporation, whereupon it was divided into two portions, each 
of which was thoroughly eluted with hot chloroform—alcohol. By this means 180 g. of non- 
saponifiable material were divided into six fractions, which (except the two obtained by 
chloroform—alcohol elution) were further sub-divided by readsorption on alumina, followed by 
fractional elution as already described. By combining sub-fractions of similar melting point 
and colour reactions (Liebermann—Burchard), the following final fractions (listed in increasing 
order of adsorbability) were isolated : 


Liebermann-Bur- 
Fraction. Wt. (g.). | chard reaction. Appearance. M. p. 
5-5 — Waxy; mainly crystalline <90° 
oo Waxy <90 
Brown amorphous solid ca. 95 
White crystalline mass 145—151 
White crystalline mass 152—158 
White crystalline mass 170—190 
Partly crystalline 140—150 
Brown-red Brown, semi-crystalline 105—115 
Brown-red Dark amorphous solid Soft at 100 
Greenish-blue Brown amorphous solid Soft at 100 
Greenish-blue Mainly crystalline 126—131 


—OOCDAASAP Whe 


— 
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Isolation of Tavaxyl Acetate-—Fractions 3, 4, 5, 6, and 7 were separately acetylated with 
pyridine and acetic anhydride and the mixed acetates were precipitated with methanol. In 
each case small amounts of material were found to be very sparingly soluble in ether, and after 
several digestions with this solvent yielded pure taraxyl acetate, m. p. 299—301° (decomp., 
evacuated tube). The acetate was almost insoluble in hot alcohol, and separated from benzene 
or cyclohexane in long, brittle, rectangular plates of unchanged m. p.; [a«]}° + 93-9° (J = 1, 
c = 1-15) (Found: C, 77-35, 77-6; H, 9-4, 9-6. C3,H,,O, requires C, 77-4; H, 98%). 

Taraxol.—The foregoing acetate (0-8 g.) in benzene (50 c.c.) was refluxed with a solution of 
potassium hydroxide i in 95% alcohol (50 c.c. of 4%) for 2hours. On evaporation of the benzene, 
tavaxol separated in fine soft needles, which after two crystallisations from benzene—alcohol 
did not melt at 360° but shrank at 280—290° (evacuated tube) (Found: C, 79-1; H, 
9-9. Cs9H,,O, requires C, 79-2; H, 10-2%). The alcohol was successively crystallised from 
ethyl acetate, cyclohexane, acetone, and benzene—alcohol without affecting the analytical 
data (Found: C, 78-9; H, 9:7%). [Jp + 78-6° (J = 1, c = 1-03). Taraxol gives a yellow 
colour in chloroform with tetranitromethane, and a reddish-purple Liebermann—Burchard 
reaction. 

Taraxyl Acetate Oxide.—A solution of the acetate (0-2 g.) in a 0-25n-chloroform solution of 
perbenzoic acid (20 c.c.) was left at 0° for 12 days. The oxygen consumption was determined 
in the usual manner (Found: 7:25 c.c. of N/10. C3,H,,O, requires 8-07 c.c. for [[), and the 
product isolated by washing the chloroform solution with aqueous sodium carbonate, drying, 
and evaporation of the solvent. The residue was crystallised from chloroform—alcohol and 
finally from benzene, from which the oxide acetate separated in rectangular plates, m. p. 294— 
297°; the m. p. was not depressed by admixture with taraxyl acetate. The oxide gives a 
positive Liebermann-Burchard reaction, but no colour with tetranitromethane in chloroform 
(Found: C, 75-1; H, 9-3. C,,H,,0, requires C, 74-9; H, 9-5%). 

Taraxol Oxide.—The oxide acetate (50 mg.) in benzene (2-5 c.c.) was refluxed for 1 hour 
with 2% alcoholic potassium hydroxide (3 c.c.). The solution was concentrated to half bulk, 
and the product precipitated with water. The oxide was twice crystallised from aqueous 
alcohol, and finally from aqueous methanol, from which it separated in soft needles, m. p. 
261—261-5° (Found: C, 77-2; H, 10-0. C39H,,O, requires C, 76-5; H, 9-9%). 

Isolation of B-Amyrin Acetate.—After removal of taraxyl acetate the ether-soluble acetates 
from fractions 4 and 5 were separately crystallised from ethyl acetate—alcohol, whereby large 
amounts of crude taraxasteryl acetate were first deposited. The filtrates from these crops were 
concentrated, and the residues continually crystallised from alcohol. Prismatic needles were 
finally obtained, which melted at 237—238-5°, [a]#° + 81-0° (J = 1, c'= 2-16), and did not 
depress the m. p. of authentic B-amyrin acetate. The identity of this material was confirmed 
by its hydrolysis to 8-amyrin, m. p. 196—197° both alone and when mixed with an authentic 
specimen. 

No taraxasteryl acetate appeared to be present in fraction 3, and the least soluble fractions 
(after removal of taraxyl acetate) yielded B-amyrin acetate on crystallisation from benzene- 
alcohol (total yield from fractions 3—5, 2-5 g.). 

Isolation of Taraxerol_—(a) As benzoate. After removal of the foregoing products from 
fraction 4, the filtrates were concentrated, yielding a further amount of crystalline material 
(m. p. ca. 150°), from which no individual substance could be isolated by further crystallisation. 
The mixture was therefore refluxed with 3% alcoholic potassium hydroxide for 3 hours, the © 
solution diluted with water, and the free alcohols isolated by extraction with ether. The 
product separated from alcohol in needles, m. p. ca. 140°, raised to 160—161° after three 
crystallisations. The m. p. of this material was unchanged after several further crystallisations, 
indicating its probable identity with Power and Browning’s homotaraxasterol (m. p. 163— 
164°). On continued recrystallisation the m. p. rose slowly (184—189°), but no pure compound 
could be isolated. This final crop and its filtrates were accordingly combined (12 g.) and 
benzoylated in pyridine solution, and the mixed benzoates precipitated with methyl alcohol. 
Continued digestion with ether furnished, as the least soluble fraction, a ‘‘ benzoate complex ”’ 
(m. p. 256—263°), which was further treated as described below. The ethereal filtrates from the 
“‘ benzoate complex ”’ were evaporated, and the residue crystallised from chloroform—alcohol. 
A gelatinous product first separated; this was removed, and the solution concentrated; a 
crystalline mass was then slowly deposited. This was sparingly soluble in ether, and after 
threefold digestion with this solvent yielded taraxeryl benzoate, m. p. 282—284°. This m. p. 
was unchanged after further digestion of the ester with ether and also after crystallisation from 
acetone and chloroform—aicohol, from which the benzoate separated in small, thin, brittle 
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needles, [a]}" + 35-0° (1 = 1, c = 2-0) (Found: C, 83-3; H, 10-2. C,,H;,O, requires C, 83-8; 
H, 10-3%). The compound gave a deep red colour with the Liebermann—Burchard reagent. 

Similar treatment of fraction 5 gave 11 g. of mixed alcohols, from which, after benzoylation, 
a ‘‘ benzoate complex,” m. p. 270—272°, and a small quantity of taraxeryl benzoate were 
successively isolated. 

(b) As acetate. The crude taraxasteryl acetate crops from fractions 4, 5, and 6 were 
combined and crystallised from ethyl acetate—alcohol. The first filtrate, on standing, deposited 
small amounts of material (m. p. 220—230°), which after crystallisation from ethyl acetate and 
then repeatedly from benzene—alcohol melted finally at 296—297°. This compound crystallised 
in flat needles, [a]}® + 8-4° (J = 1, c = 1-56) (Found: C, 81-9; H,11-l. C,,H,,0, requires C, 
82-0; H, 11-2%), and was identified as tavaxeryl acetate by hydrolysis in benzene solution with 
1% alcoholic potash to taraxerol, which separated from chloroform—alcohol in plates, m. p. 
269—271° (Found: C, 84-4; H, 11-7. C y9H;9O requires C, 84-4; H, 11-8%). 

Taraxerol, m. p. 268—270° either alone or when mixed with the above specimen, was also 
obtained by hydrolysis of taraxeryl benzoate in benzene solution with 4% alcoholic potassium 
hydroxide. 

Isolation of ~-Tavraxasteryl Acetate-——(a) Great difficulty was experienced during the final 
stages of purification (by crystallisation from ethyl acetate or ethyl acetate—alcohol) of the 
crude taraxasteryl acetate obtained from fractions 4, 5, and 6. The mother-liquors from the 
later crystallisations were therefore combined and concentrated, and the material so obtained 
worked up for ¥-taraxasteryl acetate in either of the two following ways, depending on its 
purity : 

(i) The mixture of acetates was directly crystallised from cyclohexane and finally from 
ethyl acetate, yielding y-taraxasteryl acetate, which separated in glistening plates, m. p. (constant) 
234—235-5°. 

(ii) The mixed acetates were heated under reflux with 2% benzene-alcoholic potassium 
hydroxide, and the resultant alcohols treated with p-nitrobenzoyl chloride in pyridine at 100°. 
The crude p-nitrobenzoates were isolated by decomposition of the reaction mixture with ice 
and dilute sulphuric acid, followed by extraction with chloroform. The extract was dried 
and evaporated, and the residue digested with ether. Recrystallisation of the insoluble fraction 
from alcohol, acetone, benzene—alcohol, and ethyl acetate yielded a product of constant m. p. 
265—270°, depressed by admixture with taraxasteryl p-nitrobenzoate. This fraction was 
hydrolysed and converted into the acetate in the usual manner; the latter, after crystallisation 
from ethyl acetate, had m. p. 232—235°, giving no depression in m. p. when mixed with the 
acetate obtained by method (i), but depressed by taraxasteryl acetate and by a- and $-amyrin 
acetates. The pure acetate (m. p. 234—235-5°) showed [a]}>” + 53-2° (1 = 1,c = 2-21), and gave 
an immediate yellow coloration with tetranitromethane in chloroform, and a red colour, with 
marked green fluorescence, with the Liebermann—Burchard reagent (Found: C, 81-7; H, 
11-1. C,,H;,0O, requires C, 82-0; H, 11-2%). 

(b) The ‘‘ benzoate complexes ’”’ described above were heated under reflux for 2 hours with 
5% benzene-alcoholic potassium hydroxide. The product had m. p. 207—209° after several 
crystallisations from ligroin, and was then acetylated in the usual way. The mixture of acetates 
was fractionated from ethyl acetate, the less soluble crops consisting of impure taraxasteryl 
acetate (m. p. 239—241°, undepressed by an authentic specimen). The more soluble crops 
were crystallised from ethyl acetate—alcohol, from which ¥-taraxasteryl acetate separated in 
plates, m. p. 233—235° [223—225° when mixed with taraxasteryl acetate, but giving no 
depression with the acetate prepared by method (a)]. 

y-T avaxasterol.—This alcohol, obtained by alkaline hydrolysis of the above acetate, separated 
from ethyl alcohol in fine needles, m. p. 198—200°, [a]}” + 47-1° (J = 1, c = 2-60) (Found: C, 
83-8; H, 12-0. C39H, 0 requires C, 84-4; H, 11-8%). The benzoate, prepared by the pyridine— 
benzoyl chloride method, separated from acetone in flat needles, m. p. 274—276°, [«]}° + 72-3° 
(7 = 1, c = 1-59) (Found: C, 83-3; H, 10-3. C,,H,;,O, requires C, 83-8; H, 10-3%). 

Taraxasterol and Derivatives—No convenient method for the purification of this alcohol 
has yet been devised, as all recrystallisations of it and of its esters involve heavy losses 
of material. The acetate separated from ethyl acetate in glistening plates, m. p. 251—252°, 
[a}}8° + 100-5° (J = 1, c = 2-18) (Found: C, 82-15; H, 11-7. Calc. for C,.H;,0,: C, 82-0; 
H, 11-2%). Taraxasterol formed long soft needles from alcohol and had m. p. 221—222°, 
[a]? + 95-9° (1 = 1, c = 1-84) (Found: C, 84-5; H, 11-7. Calc. for CyH,,O: C, 84-4; H, 
11-8%). It gave a pale yellow colour with tetranitromethane in chloroform, and a red colour, 
with green fluorescence, with the Liebermann—Burchard reagent. Taraxasteryl benzoate 
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separated from acetone or benzene-alcohol in flat needles, m. p. 240—241°, [a]p” + 106-8° 
(1 = 1, c = 2-06) (Found: C, 83-5; H, 10-1. Calc. for C,,H,;,0,: C, 83-8; H, 10-3%). 
Tavaxasteryl p-nitrobenzoate formed needles from chloroform-alcohol, m. p. 277—278°, [a]}* 
+ 98-3° (1 = 1, c = 0-58) (Found: C, 77-5; H, 9:2. C3,H;,;0,N requires C, 77:2; H, 9-3%). 

With the exception of the benzoates of taraxasterol and y-taraxasterol, which give no 
depression in m. p. when mixed with each other, depressions in m. p. are given by comparable 
mixtures of any of the compounds described above. 

Oxidation of Taraxasterol.—Chromic anhydride (30 mg.) in 90% acetic acid was added slowly 
at room temperature to a suspension of taraxasterol (150 mg.) in 90% acetic acid (20 c.c.). 
After standing overnight, the clear solution was diluted with water, and the precipitated product 
recrystallised from alcohol, from which it separated in needles, m. p. 175—176°, [«]$° + 109-5° 
(i = 1, ¢c = 1-31) (Found: C, 84-6; H, 11-0. Cg g9H,,O requires C, 84-8; H, 11-4%). 

Taraxasterol from Anthemis nobilis.—Dried camomile flowers (1 kg.) were extracted in two 
batches with boiling carbon tetrachloride. The fatty material (33 g.) obtained by evaporation 
of the solvent was heated under reflux with 10% alcoholic potassium hydroxide (500 c.c.), and 
the non-saponifiable material isolated by concentration of the solution, dilution with water, 
and extraction with ether. A dried solution of the latter fraction (13 g.) in petroleum (300 c.c., 
b. p. 80—100°) was drawn through a column of Merck’s alumina (50 g. in a tube 1-5 cm. in 
diameter). The column was washed with a mixture of petroleum (50 c.c.) and chloroform (25 
c.c.) and then eluted with petroleum—methanol. The material contained in the elutriate (4-5 g.) 
was acetylated, and the product crystallised till it had m. p. 289—241° (1-2 g.). Hydrolysis of 
this, followed by five crystallisations of the product from alcohol, gave 0-5 g. of taraxasterol, 
m. p. 220—221°. The acetate obtained from this sample had m. p. 250—252° and [«]>” + 101-4° 
(1 = 1, c = 1-86). The preparation of taraxasterol from this source is considerably easier 
than from Taraxacum root, and the yield of pure product is also higher. 

A description of the isolation of stigmasterol and (-sitosterol from Taraxacum root is deferred 
until our examination of the non-triterpenoid fractions has been completed. 


UNIVERSITY OF Lonpon, K1ING’s COLLEGE. [Received, October 27th, 1938.] 





390. The Sulphonation of mesoBenzanthrone and Some of its 


Derivatives. 


By R. R. PRITCHARD and J. L. SIMONSEN. 


The main product of the monosulphonation of mesobenzanthrone has been shown 
to be mesobenzanthrone-6-sulphonic acid by oxidation of its sodium salt to 6-sulpho- 
anthraquinone-1-carboxylic acid, which can be converted into 6-chloroanthraquinone-1- 
carboxylic acid. mesoBenzanthrone-l’-sulphonic acid is probably also formed in 
small amount. The sulphonation of 1’-chloro-, 1'-bromo-, and 1’-nitro-mesobenz- 
anthrones results in the formation in each case of the 6-sulphonic acid, and 6: 7-di- 
chloromesobenzanthrone yields probably the 1’-acid. From the sodium salt of the last 
a new trichloromesobenzanthrone has been prepared, which is formed also by the 
direct chlorination of 6 : 7-dichloromesobenzanthrone, and it is considered to be 1’ : 6: 7- 
trichloromesobenzanthrone. Both the dichloro-compound and the sodium salt of 
the dichloro-sulphonic acid yield on oxidation 6 : 7-dichloroanthraquinone-1-carboxylic 
acid. 1':6-Dibromomesobenzanthrone (Rule and Smith, J., 1937, 1098) can be 
prepared from the sodium salt of 1'-bromomesobenzanthrone-6-sulphonic acid. It 
yields on oxidation with chromic acid 6-bromoanthraquinone-1-carboxylic acid. 


Ow1ncG to their importance as dye intermediates the chemistry of mesobenzanthrone 
and its derivatives has been extensively investigated, but little attention has apparently 
been directed to the sulphonic acids. Lauer and Irie (J. pr. Chem., 1936, 145, 281) prepared 
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from mesobenzanthrone a sodium salt which they considered to be sodium mesobenz- 
anthrone-6-sulphonate (as I, R = H), since it gave on treatment with potassium chlorate 
and hydrochloric acid a mixture of 6-chloro- and 1’ : 6-dichloro-mesobenzanthrones. A 
disulphonic acid obtained by the sulphonation of dibenzanthrone has also been described 
(Soc. Chem, Ind, Basle, B.P. 279,479). 

It seemed to us desirable to obtain a more rigid proof of the structure of Lauer and Irie’s 
acid, since chlorination, bromination, and nitration of mesobenzanthrone result mainly in 
the formation of 1’-mono-substitution products. In the mesobenzanthrone series it is not 
possible to apply the usual methods for the orientation of sulpho-groups, since replacement 
with the hydroxy-group by alkali fusion leads to the formation of dihydroxydibenzanthrones 
(or dihydroxytsodibenzanthrones) and replacement with halogen by heating the sulphonyl 
halides, a method which has proved so valuable in the orientation of the naphthalenesul- 
phonic acids, if at all possible, gives extremely poor yields. 

We have, however, been able to provide a rigid proof that Lauer and Irie’s acid has the 
structure which they assigned to it. On oxidation of the sodium salt with chromic acid it 
yields 6-sulphoanthraquinone-l-carboxylic acid (II, R=SO,H), m. p. 271—274°, the 
structure of which is proved by the replacement of the sulpho-group by chlorine to give 
6-chloroanthraquinone-l-carboxylic acid (II, R = Cl), m. p. 305—306°, methyl ester, m. p. 
190—191° (Cahn, Jones, and Simonsen, J., 1933, 444). By the action of ammonia on the 
sulphonic acid, 6-aminoanthraquinone-l-carboxylic acid (II, R = NH,), m. p. 247—249°, 
is obtained in poor yield together with a substance, m. p. 295—297°, yielding an acetyl 
derivative, m. p. 257—258°. Although the analytical data are unsatisfactory, there can be 
little doubt that these substances consist essentially of 2-aminoanthraquinone and its 
acetyl derivative contaminated with a little of the amide of the amino-acid. 

Whilst, therefore, mesobenzanthrone-6-sulphonic acid forms the main product of the 
sulphonation of mesobenzanthrone, it is accompanied by a little of the 1’-sulphonic acid, 
since, if the crude acid is treated with phosphorus pentachloride and the resulting sulphonyl 
chloride is heated with xylene, a small quantity of 1’-chloromesobenzanthrone can be 
isolated from the resinous product. It is in our opinion improbable that the 1’-acid can 
be the primary product of the sulphonation, rearranging at the high temperature of the 
reaction to the 6-sulphonic acid, since we have found that, if the sulphonation of meso- 
benzanthrone is carried out at room temperature in the presence of a mercury catalyst, the 
6-sulphonic acid is still the main product. Under more vigorous conditions, mesobenz- 
anthrone yields a disulphonic acid, isolated as its sodium salt. This has not been oriented, 
but we consider that it is most probably the 1’ : 6-disulphonic acid (I, R = SO,H). 

We have investigated also the sulphonation of 1’-chloro-, 1’-bromo-, 1’-nitro-, and 6 : 7- 
dichloro-mesobenzanthrones. As would be anticipated, sulphonation of the 1’-substituted 
mesobenzanthrones occurs in the 6-position, as was proved by the oxidation of the pure 
sodium salts of the individual sulphonic acids to 6-sulphoanthraquinone-l-carboxylic 
acid. 1’: 6-Dibromomesobenzanthrone, m. p. 256—257°, was prepared by heating 1’- 
bromomesobenzanthrone-6-sulphonyl bromide with xylene. On oxidation with chromic 
acid, it yielded 6-bromoanthraquinone-l-carboxylic acid (II, R = Br), m. p. 298—299°, 
methyl ester, m. p. 198—199°. From 1’-chloromesobenzanthrone a disulphonic acid was 
prepared which, although not directly oriented, is probably from analogy the 1’-chloro- 
mesobenzanthrone-6 : 8-disulphonic acid. 

Sulphonation of 6 : 7-dichloromesobenzanthrone yields a sulphonic acid which gives 
on oxidation 6 : 7-dichloroanthraquinone-l-carboxylic acid, m. p. 275—276°, methyl ester, 
m. p. 197—198°. This acid can be prepared also by the oxidation of 6 : 7-dichloromeso- 
benzanthrone and it follows, therefore, that the sulpho-group must be in the Bz nucleus, 
probably in the 1’-position. By heating the sulphonyl chloride with xylene, a trichloro- 
mesobenzanthrone was obtained, which could be readily prepared by the direct chlorin- 
ation of 6: 7-dichloromesobenzanthrone. Since it has been shown previously (Cahn, 
Jones, and Simonsen, loc. cit.) that 6- and 7-chloromesobenzanthrone yield on chlorination 
1’ : 6- and 1’ : 7-dichloromesobenzanthrone respectively, there can be little doubt that 
the new trichloro-compound, m. p. 349—350°, is 1’: 6: 7-trichloromesobenzanthrone, 
although a rigid proof is not yet available. 
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EXPERIMENTAL. 


mesoBenzanthrone-6-sulphonic Acid.—A mixture of mesobenzanthrone (50 g.) and fuming 
sulphuric acid (SO, 5%; d 1-847; 500 g.) was heated in an oil-bath at 145—15C° for 2 hours, 
cooled, and poured into ice-water (1500 g.). Unchanged mesobenzanthrone was removed, 
and sodium carbonate (1500 g.) added with stirring at 95°. The liquid was made up to 101. 
by the addition of saturated salt solution, boiled, and allowed to cool. The crystalline sodium 
salt of the sulphonic acid (103 g.), which separated, was collected, washed with salt solution, 
and purified by three crystallisations from hot water, from which it separated as a greenish- 
yellow crystalline powder, which was dried at 100° for analysis (Found: S, 8-8; Na, 6-3. 
Calc. for C,,H,O,SNa,2H,O: S, 8-7; Na, 6-3%). The sulphonic acid, isolated by decomposi- 
tion of the barium salt with sulphuric acid, was a brown amorphous solid. — 

The sulphonic acid could be prepared also by allowing fuming sulphuric acid (18%) to act 
on mesobenzanthrone for 11 days at room temperature in the presence of a mercury catalyst. 

On admixture of the sodium or potassium salt of the sulphonic acid (10 g.) with phosphorus 
pentachloride (10 g.) a vigorous reaction ensued, which was completed by heating on the 
water-bath for 6 hours. After the addition of ice-water, the reddish-brown solid was collected, 
dried, powdered, and heated under xylene at 140—145° for 3 hours, the xylene removed in 
steam, and the residue (8-4 g.) extracted with hot acetic acid (charcoal). On cooling, an orange- 
red crystalline solid, m. p. 265—272°, softening at 259°, was obtained in small yield, but a homo- 
geneous chloromesobenzanthrone could not be isolated. 

6-Sulphoanthraquinone-l-carboxylic Acid.—To a boiling solution of chromic acid (26 g.) 
in aqueous acetic acid (50%; 90 c.c.), a solution of mesobenzanthrone-6-sulphonic acid (7-5 g.) 
in acetic acid (90 c.c.) was added during 3 hours. After saturation with sulphur dioxide to re- 
move the excess of chromic acid, the solution was diluted with water, and the excess of sulphur 
dioxide and acetic acid removed by evaporation. After the addition of an excess of aqueous 
ammonia to precipitate the chromium salts, the filtered solution was concentrated, the ammon- 
ium salt of the acid (2-75 g.) separating from the cooled solution in fine yellow needles. It 
was recrystallised from aqueous alcohol (30%) (Found: C, 49-4; H, 4:2; N, 7-6; S, 8-7. 
C,,H,,0,N,S requires C, 49-2; H, 3-8; N, 7:7; S, 87%). Addition of a barium chloride 
solution to an aqueous solution of the ammonium salt precipitated the sparingly soluble barium 
salt as a white powder, which was dried at 100° for analysis (Found : Ba, 28-4. C,,H,O,SBa,H,O 
requires Ba, 28-3%). It was decomposed with the calculated quantity of n/20-sulphuric acid, 
6-sulphoanthraquinone-1-carboxylic acid remaining as a yellow powder, m. p. 255—262°, on evapor- 
ation of the aqueous solution. The acid, which was readily soluble in water, alcohol and acetic 
acid, crystallised from hydrochloric acid in fine yellow needles, m. p. 271—274°, decomposing 
above 275° (Found: C, 50:3; H, 3-4; S, 8-7. C,,H,O,S,1-5H,O requires C, 50-1; H, 3-0; 
S, 8-9%). 

6-Chloroanthraquinone-l-carboxylic Acid.—To a mixture of the preceding ammonium salt 
(5 g.), water (100 c.c.), and concentrated hydrochloric acid (15 c.c.) at 95°, a solution of potassium 
chlorate (5 g.) in water (50 c.c.) was added during 4 hour (mechanical stirring). The solid 
was collected after 14 hours’ heating, boiled with water (50 c.c.) to remove inorganic matter, 
and dried. The chloro-acid (3-4 g., m. p. 294—295°) crystallised from acetic acid in faintly 
yellow needles, m. p. 305—306°. The methyl ester, prepared from the acid chloride, crystallised 
from methyl alcohol in flat straw-coloured needles, m. p. 190—191° (Found: Cl, 11-9. Calc. 
for C,,H,O,Cl: Cl, 11-8%). 

6-A minoanthraquinone-l-carboxylic Acid.—A mixture of the ammonium salt of the sulphonic 
acid (1-5 g.), freshly precipitated manganese dioxide * (0-8 g.) made into a paste with water 
(4-5 c.c.), and aqueous ammonia (25%; 10 g.) was heated in a sealed tube for 25 hours at 
200°, diluted with water, and boiled, and the separated manganese dioxide extracted with 
hot water. The combined filtrates were evaporated to dryness, the residue dissolved in the 
minimum amount of water, and the solution made faintly acid with dilute hydrochloric acid. 
The precipitated reddish-brown solid was collected, and after four crystallisations from very 
dilute acetic acid, 6-aminoanthraquinone-1-carboxylic acid was obtained in brown needles, m. p. 
247—249°, sintering at 245° (Found: C, 67-3; H, 3-6. C,,H,jO,N requires C, 67-4; H, 3-4%). 


* The manganese dioxide was found to be most active if prepared in the following manner. A 
dilute solution of potassium permanganate was added gradually with stirring to a dilute solution of 
sulphuric acid containing more than sufficient ethyl alcohol to decolorise all the permanganate. The 
manganese dioxide was repeatedly washed by decantation with warm water until free from mineral 
acid. The thick paste, after draining on a funnel, was used as soon as possible. 
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The manganese dioxide which had been filtered off contained crystalline material. It was 
extracted with acetone (Soxhlet), evaporation of the acetone leaving a deep red residue. This 
was sublimed in a low vacuum; the sublimate crystallised from nitrobenzene in dark reddish- 
brown needles, m. p. 295—297° (Found: C, 74:5; H, 4-0. Calc. for C,gH,O,N: C, 75-3; 
H, 4:0%). The acetyl derivative crystallised from acetic acid in bright yellow needles, m. p. 
257—258° (Found: C, 71-1; H, 4-2. Calc. forC,,H,,0O,N : C, 72-4; H, 41%). Thestructures 
of these two substances are discussed on p. 2048. 

Action of Phosphorus Pentachloride on mesoBenzanthronesulphonic Acid. 1'-Chloromeso- 
benzanthrone.—A mixture of crude mesobenzanthronesulphonic acid (5:3 g.) and phosphorus 
pentachloride (7 g.) was heated on the water-bath for 3hours. After the addition of ice-water 
to the cooled mixture, the solid was collected, dried, and extracted with hot benzene, leaving 
an insoluble residue (1 g.). Evaporation of the benzene gave the sulphony] chloride as a dark 
powder (3-1 g.). The chloride (1-1 g.) was digested with xylene for 1 hour, the xylene removed 
in steam, and the residue sublimed in a low vacuum; the sublimate formed yellow needles, m. p. 
160—170°, raised by repeated crystallisation from acetic acid to 181—182°, both alone and 
in admixture with 1’-chloromesobenzanthrone. 

Action of Potassium Chlorate on Sodium ‘mesoBenzanthronesulphonate.—To a mixture of 
the sodium salt (25 g.), water (500 c.c.), and concentrated hydrochloric acid (50 c.c.) at 95°, a 
solution of potassium chlorate (25 g.) in water (400 c.c.) was slowly added (mechanical stirring). 
After an hour’s heating, the solid (1-2 g.) was collected from the hot solution and after re- 
crystallisation from acetic acid and chlorobenzene gave lI’ : 6-dichloromesobenzanthrone, 
m. p. 267—268°, both alone and in admixture with an authentic specimen (Found: Cl, 23-5. 
Calc. for C,,H,OCI,: Cl, 23-7%). From the acetic acid and chlorobenzene mother-liquors 
a small quantity of a second chloromesobenzanthrone, m. p. 184°, was isolated; this was prob- 
ably 6-chloromesobenzanthrone. 

6 : 6’-Dimethoxydibenzanthrone.—To a mixture of sodium hydroxide (6 g.) and potassium 
hydroxide (6 g.) at 220—230°, finely powdered sodium mesobenzanthronesulphonate (14 g.) 
was gradually added, and the fusion continued for 1 hour. The product was dissolved in hot 
water (400 c.c.), and the solution acidified, yielding a black solid (4-4 g.). The crude dihydroxy- 
dibenzanthrone (1 g.) iri o-dichlorobenzene (100 g.) was refluxed with methyl] sulphate (12-7 g.) 
and anhydrous sodium carbonate (14 g.) for 6 hours. After the addition of aqueous ammonia 
(25%; 30c.c.) the solvent was removed in steam, the residue made strongly alkaline with 2n- 
sodium hydroxide (5 c.c.), and the solid (0-85 g.) collected. This was refluxed with nitrobenzene 
(200 g.), the dark green solution, which showed a deep red fluorescence, was filtered and con- 
centrated to 30 c.c., and the solid which separated on cooling was collected. The dimethoxy- 
dibenzanthrone was recrystallised from aniline, in which it formed a greenish-blue solution and 
from which it separated as a black crystalline powder (Found: C, 83-2; H, 3-6. C3,H,,0, 
requires C, 83-6; H, 3-3%). 

mesoBenzanthrone-6 : ?-disulphonic Acid.—A mixture of mesobenzanthrone (5 g.) and fuming 
sulphuric acid (10% SO,; 50 g.) was heated in an oil-bath at 165—170° for 2 hours, and the 
cooled solution poured into ice-water (500 g.). White lead (115 g.) was added with stirring 
to the hot solution, the lead sulphate removed, and, after concentration, the filtrate was poured 
into a well-stirred saturated salt solution (500 c.c.). The sodium salt, which separated, was 
collected, washed with saturated salt solution, and, after one crystallisation from water and 
from dilute alcohol, obtained as a greenish-yellow crystalline powder. It was dried at 100° for 
analysis (Found: S, 14:5; Na, 10-7. C,,H,O,S,Na, requires S, 14-8; Na, 10-6%). 

When this sodium salt was heated with phosphorus pentachloride, and the product de- 
composed by digestion with xylene, a substance was obtained which crystallised from acetic 
acid (charcoal) in fine colourless needles, m. p. 247—248° (Found: Cl, 33-9%). This sub- 
stance was not identified. 

1’-Chloromesobenzanthrone-6-sulphonic Acid.—A mixture of 1’-chloromesobenzanthrone 
(20 g.) and fuming sulphuric acid (SO, 5%; d 1-847; 200g.) was heated in an oil-bath at 165— 
170° for 2 hours, and the cooled mixture poured into a saturated salt solution (21.). The 
sodium salt, which separated, was crystallised from aqueous alcohol (15%) and from dilute 
alcohol (50%) and obtained as a yellow crystalline powder. For analysis it was dried at 100° 
(Found: Cl, 9-4; S, 8-7; Na, 6-6. C,,H,O,CISNa requires Cl, 9-7; S, 8-7; Na, 63%). The 
free acid, isolated through the barium salt, was a brownish-yellow solid which could not be 
crystallised. Oxidation of the sodium salt with chromic acid gave 6-sulphoanthraquinone-1- 
carboxylic acid, which was isolated through its sparingly soluble barium salt as described above. 








[1938] mesoBenzanthrone and Some of its Derivatives. 2051 


It had m. p. 271—274° both alone and in admixture, and its identity was confirmed by its 
conversion into methyl 6-chloroanthraquinone-1-carboxylate, m. p. 189—190°. 

1'-Chloromesobenzanthrone-6 : ?-disulphonic Acid.—A mixture of 1'-chloromesobenzanthrone 
(10 g.) and fuming sulphuric acid (SO, 10%; d 1-888; 250g.) was heated in an oil-bath at 145— 
150° for 2 hours. The cooled mixture was poured into a saturated salt solution (2-5 1.) and 
the precipitated sodium salt (115 g.), which contained much sodium chloride, was crystallised 
from water and from aqueous alcohol (35%), being obtained as a yellow crystalline powder. 
It was dried at 100° for analysis (Found: Cl, 7-8; S, 13-0. C,,H,O,CIS,Na, requires Cl, 
7:6; S, 13-7%). The free sulphonic acid could not be crystallised. The acid chloride, prepared 
by the action of phosphorus pentachloride on the acid, crystallised from xylene-chloroform 
in fine yellow needles, m. p. 230—255°. Analysis showed it to be somewhat impure (Found : 
Cl, 21-9. C,,H,O,C1,S, requires Cl, 23-1%). 

6 : 7-Dichloromesobenzanthrone-1'-sulphonic Acid.—A mixture of 6: 7-dichloromesobenz- 
anthrone (10 g.) and fuming sulphuric acid (SO, 5%; d 1-847; 100g.) was heated in an oil-bath 
at 165—170° for 2 hours, and the cooled mixture poured into saturated salt solution (2 1.). 
The sodium salt was collected, washed with brine, and crystallised from aqueous alcohol, separat- 
ing as a greenish-yellow crystalline powder (Found : Cl, 17-4; S, 7-7; Na, 5-8. C,,H,O,Cl,SNa 
requires Cl, 17-7; S, 8-0; Na, 5-7%). 

1’ : 6: 7-Trichloromesobenzanthrone.—(i) An intimate mixture of sodium 6: 7-dichloro- 
mesobenzanthrone-1’-sulphonate (5 g.) and phosphorus pentachloride (5 g.) was heated on the 
water-bath for 3 hours. The mixture was extracted with hot xylene, and the filtered xylene 
solution boiled for 3 hours. After removal of the xylene in steam the dried residue (3-3 g.) 
was sublimed in a low vacuum, yielding a crystalline sublimate (0-6 g.), m. p. 295—300°. After 
repeated crystallisation from chlorobenzene, the trichloro-compound was obtained in fine yellow 
needles, m. p. 344—345°, raised to 349—350° on admixture with a specimen of the trichloride 
prepared as described below (Found: Cl, 32-1. C,,H,OCI, requires Cl, 32-0%). 

(ii) Chlorine was passed for 2 hours through a solution of 6 : 7-dichloromesobenzanthrone 
(0-7 g.) in acetic acid (250 c.c.) heated on the water-bath, and the heating continued for 6 hours. 
The trichloro-compound, which had separated, crystallised from chlorobenzene in yellow needles, 
m. p. 349—350° (Found: Cl, 32-1%). 

6 : 7-Dichloroanthraquinone-1-carboxylic Acid.—(i) To a boiling solution of 6 : 7-dichloro- 
mesobenzanthrone (3 g.) in acetic acid (100 c.c.), a solution of chromic acid (15 g.) in acetic acid 
(50%; 30 c.c.) was slowly added. After dilution with water the mixture was kept for 2 days, 
the precipitated solid collected, dissolved in hot aqueous ammonia, and filtered from chromium 
hydroxide, and the filtrate acidified. 6: 7-Dichloroanthraquinone-1l-carboxylic acid (0-85 g.) 
crystallised from acetic acid in pale yellow needles, m. p. 275—276° (Found: Cl, 21-7. 
C,;H,O,Cl, requires Cl, 22-2%). The methyl ester, prepared from the acid chloride, crystallised 
from methyl alcohol in pale yellow needles, m. p. 197—198° (Found: Cl, 21-1. C,g.H,0,Cl, 
requires Cl, 21-2%). 

(ii) To a boiling solution of sodium 6 : 7-dichloromesobenzanthrone-1’-sulphonate (2 g.) 
in acetic acid (15 c.c.), a solution of chromic acid (4 g.) in aqueous acetic acid (50%; 15 c.c.) 
was gradually added. Water (200 c.c.) was added, the mixture kept for 2 days, and the pre- 
cipitated acid (0-22 g.) purified as described above. It had m. p. 275—276° both alone and 
in admixture. The methyl ester had m. p. 197—198°. 

1’-Bromomesobenzanthrone-6-sulphonic Acid.—A mixture of 1’-bromomesobenzanthrone 
(4 g.) and fuming sulphuric acid (SO, 5%; d 1-847; 40 g.) was heated in an oil-bath at 125— 
130° for 2 hours. The cooled solution was poured into ice-water (200 g.), white lead (85 g.) 
added with stirring to the hot mixture, and the precipitated lead sulphate removed. The sodium 
salt was precipitated as usual, and was obtained as a green crystalline powder after recrystallis- 
ation from water and aqueous alcohol. It was dried at 100° for analysis (Found: Br, 19-4; 
Na, 5-9. C,,H,O,BrSNa requires Br, 19-5; Na, 5-6%). On oxidation with chromic acid it 
gave 6-sulphoanthraquinone-I-carboxylic acid, m. p. 271—274°, both alone and in admixture, 
the identity being confirmed by its conversion into methyl] 6-chloroanthraquinone-1-carboxylate, 
m. p. 190—191°. 

1’ : 6-Dibromomesobenzanthrone.—(i) Sodium 1’-bromomesobenzanthrone-6-sulphonate (15 
g.) and phosphorus pentabromide (30 g.) were intimately mixed, and heated on the water-bath 
for 7 hours. After the addition of ice-water, the sulphonyl bromide (14-6 g.) was collected, 
dried, and heated under xylene at 155—160° for 5 hours. The xylene was removed in steam, 
and the dried residue (9-4 g.) sublimed in a low vacuum at 350—400°. The orange-yellow sub- 
limate, m. p. 245—253°, was recrystallised from nitrobenzene, and the dibromo-compound 
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obtained in yellow needles, m. p. 255—256°, both alone and in admixture with that prepared 
as described below (Rule and Smith, Joc. cit., give m. p. 255—256°). 

(ii) To a well-stirred suspension of 1’-bromomesobenzanthrone (5 g.) in water (100 c.c.) 
at 40°, bromine (3 g.) was added during 1 hour, the mixture being then heated on the water- 
bath for 12hours. The precipitated brownish-yellow solid (5-7 g.) crystallised from nitrobenzene 
in fine yellow needles, m. p. 256—257° (Found: Br, 41-0. Calc. for C;,H,OBr,: Br, 41-2%). 

6-Bromoanthraquinone-l-carboxylic Acid.—To a boiling solution of 1’ : 6-dibromomeso- 
benzanthrone (3 g.) in acetic acid (30 c.c.), a solution of chromic acid (9 g.) in aqueous acetic 
acid (50%; 30 c.c.) was gradually added. After dilution with water, the mixture was kept 
for 2 days, and the precipitated yellow solid (1-2 g.) collected; a further quantity (0-5 g.) was 
obtained from the filtrate after acidification with sulphuric acid and concentration. The crude 
acid was dissolved in aqueous ammonia, and the solution filtered from a little chromium hydroxide 
and acidified; the precipitated 6-bromoanthraquinone-1-carboxylic acid crystallised from acetic 
acid in fine pale yellow needles, m. p. 298—299° (Found: Br, 24:5. C,,H,O,Br requires Br, 
24-2%). The methyl ester, prepared from the acid chloride, crystallised from methyl alcohol 
in long yellow needles, m. p. 198—199° (Found: Br, 22-9. C,,H,O,Br requires Br, 23-2%). 

1’-Nitromesobenzanthrone-6-sulphonic Acid.—A mixture of 1’-nitromesobenzanthrone (4 g.) 
and fuming sulphuric acid (SO, 5%; d 1-847; 40 g.) was heated in an oil-bath at 125—130° 
for 2 hours. The cooled mixture was poured into ice-water (100 g.), white lead (85 g.) added 
to the well-stirred hot mixture, the lead sulphate removed, and the concentrated filtrate added 
to a saturated salt solution (500 c.c.). The dark brown sodium salt, which separated, was re- 
crystallised from water and finally from aqueous alcohol, being obtained as a brown crystalline 
powder, which was dried at 100° for analysis (Found: S, 8-7; Na, 5-9. C,,H,O,NSNa requires 
S, 8-5; Na, 6-1%). The salt dissolved in water to give a brownish-red solution, which became 
greenish-blue on dilution. On oxidation with chromic acid in the usual manner, 6-sulphoanthra- 
quinone-1-carboxylic acid, m. p. 271—274°, was obtained, the identity of which was confirmed 
by its conversion into methyl 6-chloroanthraquinone-l-carboxylate, m. p. 189—190°. 


We desire to express our thanks to members of the Research Staff of Imperial Chemical 
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of this work. We are indebted also to Imperial Chemical Industries Ltd. for the gift of materials 
and for a grant to one of us (R. R. P.). 
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391. A Rearrangement of o-Carbamyl Derivatives of Diphenyl Ether. 


By BERNARD T. TOZER and SAMUEL SMILES. 


Further investigation of the interconversion of systems such as (I) and (II) (J., 
1936, 329; this vol., p. 1897) has shown that amides of type (I; X = O, YH = NH,) 
which contain a sufficiently positive carbon atom at c may be converted into sub- 
stituted salicylarylamides derived from (II); for example, when 0-2’ : 4’-dinitro- 
phenoxybenzamide is heated, salicylo-2’ : 4'-dinitroanilide is readily formed. A study 
of the influence of substitution in the nucleus B and of the character of the amide 
nitrogen in (I) has been made and in the course of this it is shown that the o-sulphon- 
amides of diphenyl ether may be converted into phenol-o-sulphonarylamides. 
Attempts to isolate aniline-o-sulphonacetamide were unsuccessful; acetylation of 
the sodium salt of aniline-o-sulphonamide gave the isomeric acetanilide-o-sulphon- 
amide and reduction of o-nitrobenzenesulphonacetamide gave the thiadiazine dioxide 
(XII). 


DuRING a study of the interconversion of the types (I) and (II) it was shown (this vol., 
p. 1897) that aryl salicylates (II, X = Y = O) containing suitable substituents in A and 
B may be converted into 2-carboxydiphenyl ethers (I, X = Y =O). Roberts and his 
colleagues (J., 1934, 727; 1935, 196, 1309) have demonstrated the smooth conversion of 
2-aminodiphenyl ethers into 2-hydroxydiphenylamines; their experiments together with 
those of Ransom (Ber., 1900, 33, 199) and of Raiford (J. Amer. Chem. Soc., 1924, 46, 
2305) concerning the rearrangement of o-acyl derivatives of 2-aminophenols furnish con- 
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vincing evidence of the intramolecular displacement of positive groups from phenolic 
oxygen by the aromatic amino-group: The results obtained by these and other investiga- 
tors of analogous systems indicate that a reversal of the salicylic ester-diphenyl ether type 
of rearrangement might be attained with the amides of 2-carboxydiphenyl ethers (I; 
X = 0, YH = NH,). In fact, 2-p-nitrophenoxybenzamide (III, H instead of Ph) is con- 
verted at 50° in alkaline media into salicylo-4’-nitroanilide; the more rapid conversion 
of 2-op-dinitrophenoxybenzamide into salicylo-2' : 4'-dinitroanilide, which may be effected 
by heat alone, serves to illustrate the influence of increasing the positive character of ¢ 
from which oxygen is displaced. 


X, o XH 5 O-C,H, NO, (9) 
| $3 | — : O:NHPh 


(I.) (II.) (III.) 
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Previous experiments dealing with the conversion of o-amino-sulphones into di- 
phenylamine-o-sulphinic acids (J., 1935, 183) showed that, although this intramolecular 
displacement of the sulphonyl by the amino-group is favoured by acylating the latter group 
with an acid of moderate strength, acylation with strong acids such as picric or benzene- 
sulphonic retards the process. In explanation of this circumstance it was pointed out that 
acylation, by promoting the necessary release of a proton from the amino-group, must 
be expected generally to favour the change unless the formation of a stable ion at the 
acylamino-group suppresses the essential donor capacity of the nitrogen; the latter 
condition was evidently present in the picryl and benzenesulphonyl derivatives. The 
behaviour of substituted derivatives of type (I) accords with this view. For example, 
the conversion of (III) into (IV) and of the corresponding m-nitroanilide into (V) takes place 
more readily than the rearrangement of the parent amide (III, H instead of Ph). In these 
cases (III), phenylation of carbamyl evidently promotes liberation of the proton without 
excessive depression of the donor function of the nitrogen. Similar relations were observed 
with the derivatives of glycollamide; the amide (VI) was merely hydrolysed and no 
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rearrangement was effected, but the corresponding anilide yielded glycollo-4-nitrodiphenyl- 
amide or the products of its hydrolysis. Rearrangement of the sulphonamide (VIII) 
and its N-methyl derivative, effected under usual conditions, yielded (IX) and the corres- 
ponding methylamide respectively; the identity of these products was established by com- 
plete methylation, which gave products identical with that obtained by synthesis from 
4-methoxytoluene-3-sulphonyl chloride. The effect of converting the amide nitrogen of 
(VIII) into a more stable ion is illustrated by the inertness of (VII), which was unaltered 
by hot aqueous alkali hydroxide. This adverse influence of phenylating the sulphon- 
amide (VIII) is particularly interesting when contrasted with the favourable effect of this 
substitution in the carbamyl derivative. The relations observed are evidently due to 
the known difference in the characters of the carbamyl and the sulphonamide-group and 
may be adequately explained by the views already mentioned. Quantitative comparison - 
of the behaviour of the amides examined was not possible owing to the hydrolysis which 
usually accompanied their rearrangement. 


-CH,-NO, (0) 0:C,H,-NO, (0 H 
whether CoH, Me ot NOs (0) CMe 
Me , SO,-NH, SO,-NH-C,H,-NO, (0) 


O,*NHPh 
(VII.) (VIII.) (IX.) 
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Rearrangements of the type now recorded are regarded as displacements of a positive 
group from oxygen by nitrogen of an o-carbamyl group. From this point of view they 
appear as essentially similar to the conversion of O-acylsalicylamides into the N-acyl 
derivatives and there seems no adequate reason for assuming that the fundamental type 
of mechanism of rearrangement is different in either case. Titherley and his colleagues 
(J., 1905, 87, 1207; 1906, 89, 1318) have maintained that the interconversion of acy]l- 
salicylamides involves the intermediate formation of a metoxazine structure, but this 
view has been disputed by Auwers (Ber., 1907, 40, 3507) and by Anschutz (Amnalen, 
1924, 442, 19). In order to obtain further information on this question attempts were 
made to isolate the isomeric acetyl derivatives (X) and (XI) with a view to studying their 
interconversion. Acetyl chloride and the sodium salt of 2-aminobenzenesulphonamide 
gave a product which according to its properties was (XI). It was expected that the 
isomeride (X) would be obtained by reduction of 2-nitrobenzenesulphonacetamide, but this 
yielded instead the thiadiazine dioxide (XII). The latter was also formed by heating the 
amide (XI), but it was not converted by any simple means into either (X) or (XI). 


N 
NH, //Miac /\cMe = _ 
6°*4 


C,H C,H 
*'*\so,NHAc  -- SSO,*NH, /NH SO,"0-C,H,(SO,Me), 
(X.) (XI.) (XII.) SO, (XIII.) 


In conclusion it is worth notice that neither the sulphonate (XIII) nor the corresponding 
anthranilate could be rearranged under the conditions effective with (III) or (VIII). 
This result was unexpected, since the mobility of halogen in 1-chloro-2 : 4-bismethylsulph- 
onylbenzene has been established (this vol., p. 901), and Ullmann and Nadal (Ber., 1908, 
41, 1870) have shown the intermolecular displacement of 2-nitrophenyl from 2-nitropheny]l 
p-toluenesulphonate by aniline. Further investigation of this question is desirable. 


EXPERIMENTAL. 


(1) 2-p-Nitrophenoxybenzamide.—2-p-Nitrophenoxybenzoic acid (this vol., p. 1899) was 
converted into the chloride by excess of thionyl chloride (45°), which was then removed. 
Ammonia was led through a benzene solution of the chloride until reaction was complete. 
After the solvent had been removed, the residue was washed with water before purification 
from aqueous acetone. The amide formed plates, m. p. 167° (Found: C, 60-5; H, 4:3; 
N, 10-9. C,3H,O,N, requires C, 60-5; H, 3-9; N, 10-9%). 

(2) 2-p-Nitrophenoxybenzanilide (III), obtained by reaction of aniline with the chloride in 
boiling benzene, separated from benzene in needles, m. p. 127° (Found: C, 68-3; H, 4:5; 
N, 8-6. C,,H,,O,N, requires C, 68-3; H, 4:2; N, 8-4%). 

(3) 2-p-Nitrophenoxybenzo-m-nitroanilide, prepared in a similar manner, formed prisms from 
alcohol, m. p. 141° (Found: C, 60-3; H, 4-0; N, 11-2. C,,H,,0,N, requires C, 60-2; 
H, 3-4; N, 11-1%). 

(4) 2-op-Dinitrophenoxybenzamide.—When 2 : 4-dinitrochlorobenzene (1 mol.) was added to 
a solution of methy] salicylate (1 mol.) in methyl alcohol containing sodium methoxide (1 mol.), 
reaction began at once and was complete in 6 hours (18°). The insoluble product, after being 
washed with water, was purified from methyl alcohol. Methyl 2-op-dinitrophenoxybenzoate 
(70% of the theoretical yield) formed prisms, m. p. 88° (Found: N, 8-8. C,,H,,0,N, requires 
N, 8-8%). When this methyl ester (10 g.) was warmed with sulphuric acid (20 c.c., 100°, 15 
mins.), it was hydrolysed; 2-op-dinitrophenoxybenzoic acid, which separated when the resulting 
solution was diluted, formed pale yellow prisms from aqueous acetic acid, m. p. 164° (Found : 
N, 9-4. C,;H,O,N, requires N, 9-2%). With thionyl chloride (8 c.c., 50°) in presence of a 
little aluminium chloride this acid (5 g.) yielded the chloride, which remained as a colourless 
solid after the excess of thionyl chloride had been removed under diminished pressure. The 
required amide separated (5 g.) in the crystalline state when ammonia was led into a benzene 
solution (50 c.c.) of the crude acid chloride; it formed pale yellow needles, m. p. 121°, from 
benzene-light petroleum (Found: C, 51-6; H, 3-1. C,s;H,O,N, requires C, 51:5; H, 3-0%). 

(5) 4-Nitrophenoxyacetanilide, from aniline and 4-nitrophenoxyacetyl chloride (Jacobs and 
Heidelberger, J. Amer. Chem. Soc., 1917, 39, 1437, 2424), formed prisms from alcohol, m. p. 
172° (Found: N, 10-3. C,,H,,O,N, requires N, 10-3%). 
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(6) 4-0-Nitrophenoxy-m-toluenesulphonamide (VIII), obtained from the corresponding 
sulphony] chloride (this vol., p. 1899) in the usual manner, formed prisms from alcohol, m. p. 
159° (Found: N, 9-2. C,;H,,0,;N,S requires N, 9-1%). 

(7) 4-0-Nitrophenoxy-m-toluenesulphonmethylamide, obtained from the chloride used for the 
preparation of the amide (6), formed prisms, m. p. 145? (Found: C, 52:3; H, 4-5; N, 8-8. 
C,4H,,0;N,S requires C, 52-2; H, 4:4; N, 87%). 

Rearrangement of the Amides.—This, unless otherwise stated, was effected by an aqueous 
acetone (1:4) solution of sodium hydroxide (1-25 mols., 1/5N) at suitable temperatures, its 
progress being indicated by the change in colour of the solution from yellow to red. The 
mixture was then diluted, and the products liberated by dilute sulphuric acid. 

Salicylo-4’-nitroanilide, from the amide (1) at 50° (1 hr.), had m. p. 231° (Bell, J., 1875, 
28, 747) and was identical with the product obtained from 4-nitroaniline and salicy] chloride. 

Salicylo-4'-nitrodiphenylamide (IV), from the amide (2) at 18° (30 mins.), formed yellow 
prisms from acetone, m. p. 134° (Found: C, 68-1; H, 4:5; N, 8-6. C,,H,,0O,N, requires 
C, 68-3; H, 4:2; N, 84%), and on alkaline hydrolysis yielded 4-nitrodiphenylamine and 
salicylic acid. 

Salicylo-3' : 4''-dinitrodiphenylamide (V), from the amide (3) at 18° (5 mins.), formed plates 
from acetone, m. p. 168° (Found: C, 60-0; H, 4:0; N, 11-1. C,,H,,0,N; requires C, 60-2; 
H, 4:4; N, 11-1%). It was also obtained from the amide (3) at 18° in piperidine (3 hrs.) or 
pyridine (24 hrs.). Alkaline hydrolysis of the substance gave salicylic acid and 3 : 4’-dinitrodi- 
phenylamine, orange needles, m. p. 217°, which were identical with the product synthesised from 
3-nitroaniline and 4-bromonitrobenzene by the method of Eckert and Steiner (Monatsh., 1914, 
85, 1153) (Found: N, 16-3. C,,H,O,N, requires N, 16-2%). 

Salicylo-2’ : 4'-dinitroanilide, from the amide (4) at 18° (2 mins.), formed yellow needles 
from benzene, m. p. 213° (Found: N, 13-9. C,,;H,O,N; requires N, 13-9%). When the molten 
amide (4) was heated at 200°, it became yellow and solidified a few degrees higher, giving a 
product identical (m. p. 213°) with the dinitroanilide obtained by interaction with alkali. The 
substance was synthesised by shaking 2: 4-dinitrochlorobenzene (1 mol.) with an alcoholic 
solution of salicylamide (1 mol.) and sodium ethoxide (1 mol.) ; separation of the sodium salt of 
the dinitroanilide was complete in 3 hours (18°). 

When a solution of the amide (5) in n-sodium hydroxide (1-25 mols.) was heated (100°, 
30 mins.), 4-nitrodiphenylamine separated in an impure condition. This was evidently formed 
by hydrolysis of the primary product of rearrangement, glycollo-4-nitrodiphenylamide, but 
attempts to isolate the latter by varying the conditions were unsuccessful. 

4-Hydroxytoluene-3-sulphon-o-nitroanilide (IX).—When a solution of the sulphonamide (6) 
(VIII) in n-sodium hydroxide (2-5 mols.) was heated (100°), the red sodium salt of (IX) was 
gradually formed, the change being complete in 1 hour. The product, isolated as usual, formed 
yellow prisms from alcohol, m. p. 160° (Found: N, 9-1. C,;H,,0;N,S requires N, 9-1%). 
It was identified by complete methylation as described below. 

4-Hydroxytoluene-3-sulphon-o-nitromethylanilide was obtained (3-9 g.) from the sulphonamide 
(7) (4 g.) under similar conditions and formed yellow plates from alcohol, m. p. 135° (Found : 
C, 52-6; H, 4-6; N, 8-8. C,4H,,0,;N,S requires C, 52-2; H, 4-4; N, 8-7%). It was identified 
by complete methylation. 4-o-Nitrophenoxy-m-toluenesulphonanilide (this vol., p. 1899) was 
recovered after treatment which effected complete rearrangement of the sulphonamides (6) 
and (7). 

4-Methoxytoluene-3-sulphon-o-nitroanilide, from 4-methoxytoluene-3-sulphonyl chloride, 
o-nitroaniline, and sodium acetate at 120°, formed yellow needles from acetic acid, m. p. 116° 
(Found: N,9-0. C,,H,,0,;N,S requires N, 8-7%). Methylation of this anilide in warm alkaline 
solution (methyl sulphate) yielded 4-methoxytoluene-3-sulphon-o-nitromethylanilide, which 
formed pale yellow plates from alcohol, m. p. 140° (Found: C, 53-9; H, 5:1. C,;H,,0;N,S 
requires C, 53-6; H, 4:8%). The same substance was obtained by alkaline methylation of 
the anilides, m. p. 160° and m. p. 135°, obtained by rearrangement of the amides (6) and (7) 
respectively. 

2:4-Bismethylsulphonylphenyl o-nitrobenzoate was formed when an acetone solution of 
o-nitrobenzoyl chloride and the phenol was boiled in presence of potassium carbonate (1 hr.) ; 
it formed prisms, m. p. 186°, from toluene (Found: S, 15:7. C,;H,,0,NS, requires S, 16-0%), 
and was converted into 2: 4-bismethylsulphonylphenyl anthranilate by a solution of stannous 
chloride in acetic acid which had been saturated with hydrogen chloride. After 1 hour (16°) 
the solution was diluted, and the insoluble product purified from aqueous acetone; the ester 
had m. p. 204° (Found: C, 49-1; H, 4:3. C,;H,,O,NS, requires C, 48-8; H, 4:1%). 
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2:4: 6-Trichlorophenyl o-nitrobenzenesulphonate, obtained from the phenol, o-nitrobenzene- 
sulphonyl chloride, and potassium carbonate in boiling acetone, had m. p. 142° (Found: N, 
3-6. C,,H,O,;NCI,S requires N, 3-7%) and was reduced by stannous chloride in acetic acid. 
2:4: 6-Trichlorophenyl o-aminobenzenesulphonate was then obtained; it formed prisms from 
alcohol, m. p. 153° (Found: N, 4:0. C,,H,O;NCI,S requires N, 4-0%), and was recovered or 
partly hydrolysed after treatment with boiling alkali hydroxide (Nn). 

2: 4-Bismethylsulphonylphenyl o-Aminobenzenesulphonate (XIII).—The product obtained 
from the interaction of 2 : 4-bismethylsulphonylphenol and o-nitrobenzenesulphony] chloride in 
presence of potassium carbonate was reduced with stannous chloride in acetic acid (18°). Dilu- 
tion of the mixture yielded the base, which formed needles, m. p. 169° (Found: C, 41-7; H, 
4:0. C,,4H,,0,NS, requires C, 41-5; H, 37%). The substance was recovered after treatment 
(80°) with aqueous sodium hydroxide (nN). 

2-Nitrobenzenesulphonacetamide, from 2-nitrobenzenesulphonamide and acetic anhydride 
in pyridine (18°), formed prisms from dilute acetic acid, m. p. 190° (Found: N, 11-3. C,H,O,;N,S 
requires N, 11-5%). 

2-A midosulphonylacetanilide (X1I).—A suspension of the sodium salt of 2-aminobenzenesulph- 
onamide in benzene was shaken (6 hrs.) with acetyl chloride (1 mol.). The product, obtained 
from the benzene solution, crystallised from water in needles, m. p. 164° (Found: N, 13-3. 
C,H,,0,N,S requires N, 13-1%), which were soluble in aqueous alkali hydroxide, insoluble in 
hydrochloric acid, and could not be diazotised. 

3-Methylbenz-1 : 2 : 4-thiadiazine 1: 1-Dioxide (XII).—2-Nitrobenzenesulphonacetamide was 
reduced with stannous chloride in acetic acid under usual conditions (1 hr., 18°). The product, 
isolated by dilution of the mixture, crystallised from alcohol in plates, m. p. 268° (Found: 
C, 49-0; H, 4-4; N, 14-3. C,H,O,N,S requires C, 49-0; H, 4-1; N, 143%). The substance 
was not attacked by boiling hydrochloric acid and was soluble in cold aqueous sodium hydroxide ; 
it was recovered after the latter solution had been boiled. Reduction of the nitro-sulphonamide 
by alkaline hyposulphite also yielded the substance. The thiadiazine was also obtained by 
heating (200°) the sulphonamide (XI) and by the reaction of acetic anhydride with 2-amino- 
benzenesulphonamide in pyridine (1 hr., 18°). 


Kinc’s CoLLEGE, LONDON. [Received, November 2nd, 1938.] 
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By J. H. CruicKsHANK, H. RAIsTRIcK, and ROBERT ROBINSON. 


A further study of flavoglaucin and auroglaucin and their reduction products is 
interpreted in the light of the hypothesis that the pigments are derived from quinol. 
Flavoglaucin is regarded as a n-octoylisopentenylquinol or a n-octoylvinylisopropyl- 
quinol, and auroglaucin has the same skeleton with three more double bonds. 


In Part I (Raistrick, Robinson, and Todd, J., 1937, 80) a preliminary investigation of 
the functional groups of flavoglaucin, C,,H,,03, and auroglaucin, C,gH,,03, was recorded 
and the results were held to justify the following conclusions: (1) Auroglaucin is consti- 
tuted like flavoglaucin but contains three more double bonds. This statement was based 
on the results of catalytic hydrogenation of the pigments and especially on the formation 
under certain conditions of one and the same substance, C,,.H,,0,, from both of them. 

(2) The pigments are ketones and probably contain two hydroxyl groups. The evidence 
was not decisive on the latter point. 

(3) Flavoglaucin contains the group CH,*[CH,],°C: in its molecule. 

(4) The pigments may be benzene derivatives and in that case flavoglaucin might be 
additionally constructed from one or more aliphatic chains including the above fragment, 
a carbonyl group, a double bond (four in auroglaucin) and two hydroxyl groups (or one 
hydroxyl and a reducible cyclic ether group and no double bond). 

The work described in this paper confirms and extends these deductions and in order 
to clear the ground for discussion it may be stated at once that the pigments are un- 
doubtedly benzene derivatives. A qualitative experiment (p. 2062) showed that a reduced 
and methylated flavoglaucin derivative could be nitrated, and the product reduced tq 
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a diazotisable amine. Furthermore the ultra-violet absorption of tetrahydroflavoglaucin 
dimethyl ether gave strong indication of the quinol structure. 

The whole behaviour of flavoglautin and auroglaucin and of their transformation 
products is in harmony with this hypothesis and we consider that little risk is taken in 
assuming its validity in the sequel. 

With palladised strontium carbonate as the catalyst, hydrogenation of both flavoglaucin 
and auroglaucin affords dihydroflavoglaucin, CygHg 903, which is a ketone. The mono- 
methyl ether of this substance affords u-octoic acid on oxidation with hydrogen peroxide 
in alkaline solution. On the quinol theory this must be an illustration of Dakin’s re- 
action and therefore flavoglaucin must be (I). This decomposition is in itself evidence in 
favour of a ketophenolic structure. 


OH OH 


okies O-[CH,],°CH, CH, O[CHylCHs gq) 


H 


The next stage in the argument is to expand (I) to (II). In Part I (loc. cit., p. 83) it was 
noted that auroglaucin appears to contain two active hydrogen atoms (Zerewitinoff), 
although the estimations gave somewhat low results (9-5, 9-8 instead of 11-4). We may now 
ascribe this to firm co-ordination of the hydrogen in the o-keto-phenol system. Flavo- 
glaucin gave clear evidence of the existence of two hydroxyls in the molecule (10-9, 11:3. 
Calc., 11-2%). 

Auroglaucin readily yields a monomethyl ether, which exhibits a ferric reaction; its 
oxime forms a complex copper derivative and hence it is probable that it contains a free 
phenolic hydroxyl in the o-position to the ketoxime group. For these reasons we believe 
that the pigments are dihydroxylic, flavoglaucin being represented by (II). It follows that 
the C;H,, moiety contains the double bond indicated by catalytic hydrogenation experi- 
ments. The results of side-chain methyl estimations by the Kuhn—Roth method, depending 
on vigorous oxidation to acetic acid, would appear to indicate that flavoglaucin and auro- 
glaucin contain only one structure capable of giving rise to acetic acid, although a second 
portion of the molecule furnishes a poor yield of acetic acid in the case of auroglaucin 
[Found (Part I): flavoglaucin, side-methyl, 0-9, 0-9; auroglaucin, side-methyl, 1-3]. 
It should be noted that #-phenylphenacyl m-octoate gives rise to about 1 mol. of acetic 
acid (p. 2061), so the molecule of acetic acid from the pigments is probably derived by 
terminal oxidation of the -octoyl (or unsaturated corresponding group) residue. Further- 
more tetrahydroflavoglaucin and some of its derivatives afford 2 mols. of acetic acid, 
suggesting that a part structure ‘CCH, (no acetic acid on oxidation) becomes ‘CH*CHsg. 

It is difficult to arrange the group C,H, so that it should not give acetic acid on oxid- 
ation and, in view of the ready destruction of a substituted quinol by chromic acid, this 
difficulty is greatly increased unless the group is taken as a single substituent in the benzene 
nucleus. Undoubtedly methyl or ethyl groups attached to a quinol nucleus should be 
oxidised to acetic acid under the conditions of the experiment. Synthetic substances 
available are (III), (IV), and (V), and comparisons with these are of value because it has 
been found that certain properties are common to several members of the series in which the 
alkyl groups of the acyl residue and the direct benzene substituents are varied. 


OH OH OH 
O-CH CO-C,H,;(”) _ (n)C gH CO-C,H,;(n) 
3H,(n) (n)C5Hy) 
H H d OMe 
(III.) (IV.) (V.) 


6-n-Propylquinacetophenone (III) and 6-allylquinacetophenone (Baker and Lothian, 
J., 1936, 279) exhibit little resemblance to dihydroflavoglaucin. ‘The points of divergence 
are the lack of colour of (III), the ferric reactions, the non-reactivity of (III) to reagents 
for the carbonyl group (this point shows clearly that the pigments are not substituted in 
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position 6), the ease of coupling of (III) with diazonium salts, the ready solubility of (III) 
in aqueous alkalis, and the ease of formation of the dimethyl ether of (ITI). 

The ketone (IV) closely resembles dihydroflavoglaucin in many of its properties, but it 
is less intensely coloured, more stable to oxidising agents, and more readily soluble in 
aqueous sodium hydroxide. The ferric reaction of (IV) and its behaviour with alcoholic 
sodium hydroxide are almost the same as those of dihydroflavoglaucin. This is strong 
confirmation of the general correctness of our views. 

The dihydroxy-compound corresponding to (V) is unfortunately not yet available for 
study, but (V) is not identical with dihydroflavoglaucin monomethyl ether prepared by the 
catalytic reduction of auroglaucin monomethyl ether. 

The evidence is not conclusive, but it is best collated if one of the alternative con- 
stitutions (VI); (VII), and (VIII) is attributed to flavoglaucin. The failure to derive a 
molecule of acetic acid from the C,H, group of (VI) in the Kuhn-Roth estimation may then 
be due to oxidation of the methyl group adjacent to the double bond. 


OH OH 


wy CH CCH: ~~? [CHy],'CH, CHECH( NCOLCHICHS (yr, 


OH H 


OH OH 


CH . . ° ‘2 . 
(VIL) cHACH CO-[CH,],_°CH, Me>C’CH,CH, CO-[CH:CH],°CH, (IX.) 


H H 


Auroglaucin would be (IX) on the basis of (VI), or the analogous structures related to 
(VII) and (VIII), or, less probably, one of the double bonds in the acyl group could be 
transferred to the C, chain. 

These provisionally proposed orientations may be thought to be supported by the 
difficulty experienced in characterising the second hydroxyl of the pigments by the prepar- 
ation of derivatives. 

The constitutions to be attributed to the reduction products on the above basis are 
obvious on inspection. Dihydroflavoglaucin, C,,H,,0,, is an tsoamylquinoctophenone 
or ethylisopropylquinoctophenone, and as such gives rise to a 2 : 4-dinitrophenylhydrazone ; 
tetrahydroflavoglaucin, C,H .0g, is the corresponding sec.-alcohol and accordingly it forms 
a triacetyl derivative and does not react with reagents for the carbonyl group. Tetra- 
hydrodeoxyflavoglaucin, C,g.H,,0,, is an isoamyl-n-octylquinol or ethyl¢sopropyl-n-octyl- 
quinol and yields a dimethyl ether and a bisphenylurethane. Fully reduced flavoglaucin, 
Ci9Hsg (Part I; Joc. cit., p. 85), is an tsoamyl-n-octylceyclohexane or an ethylisopropyl-n- 
octyleyclohexane. 

It is hoped that further synthetic work will throw more light on the problem. 

In Part I (loc. cit.) reasons were given for the belief that the congener of flavoglaucin 
and auroglaucin, termed rubroglaucin, is a methylmethoxyquinizarin, but experiments 
recently conducted in the laboratory of one of us (H. R.) have indicated that the material 
is not homogeneous. An account of this work will shortly be published and in the mean- 
time further discussion of rubroglaucin would be valueless. 

Before this development we synthesised 5 : 8-dihydroxy-3-methoxy-2-methylanthra- 
quinone (X; R =H, R’ = Me), which on earlier information might have been identical 
with rubroglaucin. 

OMe 


O OR 
c 
(X.) Me/ Me (XI) 
R’0 ) MeO\ °) CO,H | 
OR OMe : 


. 


Condensation of 3 : 6-dimethoxyphthalic anhydride with o-tolyl methyl ether in the 
presence of aluminium chloride affords a substituted benzoylbenzoic acid which by analogy 
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with previous work should be (XI) (compare Walsh and Weizmann, J., 1910, 97, 685; 
Mitter and Sen, J. Indian Chem. Soc., 1928, 5, 631; Keimatso and Hirano, J. Pharm. Soc. 
Japan, 1930, 50, 644). 

Ring-closure by means of hot sulphuric acid is accompanied by partial demethylation, 
giving (X; R= H, R’ = Me), the orientation being again clear from the work of the 
above-mentioned authors. This substance is insoluble in cold aqueous sodium carbonate 
and hence does not contain a free 6-hydroxyl group. To remove ambiguity due to the 
partial demethylation the fully demethylated compound (X; R = R’ = H) was prepared. 
It retains water tenaciously and even on sublimation; the ¢riacetyl derivative has the 


anticipated composition. 


EXPERIMENTAL. 


Isolation of Pigments——The crude mixture of colouring matters (Gould and Raistrick, 
Biochem. J., 1934, 28, 1640; Raistrick, Robinson, and Todd, J., 1937, 80) was repeatedly 
crystallised from ethyl alcohol to obtain pure auroglaucin, m. p. 152—153°. The mother- 
liquors were evaporated under diminished pressure. Extraction (Soxhlet) of the semi-solid 
residue with light petroleum (b. p. 40—60°) left most of the gummy impurities undissolved. 
On cooling, yellow needles separated, m. p. 87°, raised to 92° by one recrystallisation from 70% 
alcohol. Further recrystallisations from light petroleum and aqueous alcohol did not raise 
the m. p. above 94°. This product consisted mainly of flavoglaucin, for it readily gave pure 
derivatives; a pure specimen was isolated by hydrolysis of the condensation product with 
o-phenylenediamine. This derivative (Raistrick, Robinson, and Todd, Joc. cit.) (70 mg.) was 
refluxed for 2 hours with hydrochloric acid (20 c.c. of 20%) in the presence of light petroleum 
(20 c.c.). After cooling, the organic layer was wasbed with water and evaporated in a vacuum, 
and the residue recrystallised from light petroleum. It formed long yellow needles, m. p. 
104°. The impurity in crude flavoglaucin was auroglaucin, because reduction gave an almost 
quantitative yield of pure dihydroflavoglaucin, identical with the product from auroglaucin. 
The semicarbazone of flavoglaucin was precipitated from an ethereal solution by the addition 
of light petroleum in small colourless needles, m. p. 135°, but it could not be recrystallised. 

Auyvoglaucin Monomethyl Ether —A mixture of auroglaucin (1 g.), potassium carbonate 
(1 g.), methyl iodide (2 g.), and acetone (20 c.c.) was refluxed for 1 hour. Potassium carbonate 
(1 g.) was then added, and heating continued for 3 hours, with the addition of a few drops of 
methyl iodide from time to time. The acetone was removed under diminished pressure, water 
added, and the solid collected (0-84 g.). Crystallisation from alcohol gave yellowish-brown 
needles, m. p. 100° (Found: C, 76-8; H, 7-8; MeO, 9-5. C,9H,,O; requires C, 76-9; H, 7-7; 
1MeO, 10-0%). The ether was almost insoluble in cold aqueous sodium hydroxide, and dis- 
solved sparingly on heating, with darkening; with aqueous alcoholic sodium hydroxide it gave 
a deep yellowish-brown, and with alcoholic ferric chloride a permanent dark greenish-brown 
coloration. The presence of a carbonyl group was confirmed by the ready formation of a 
crystalline 2 : 4-dinitrophenylhydrazone by means. of Brady’s reagent (J., 1931, 756). 

All attempts to prepare a dimethyl ether from auroglaucin were unsuccessful, and the 
hydroxyl group in the monomethy] ether, indicated by the ferric reaction, could not be diagnosed 
by the formation of any derivative. 

Oxime of Auroglaucin Monomethyl Ether.—The methyl ether (0-3 g.) in alcohol (20 c.c.) 
together with a solution of hydroxylamine hydrochloride (0-07 g.) and sodium acetate (0-14 g.) 
in water (3 c.c.) was refluxed on the steam-bath for 6 hours. Water (5c.c.) was added, and part 
of the alcohol removed in a vacuum; on cooling and keeping, a small quantity of greenish- 
yellow crystals separated. The oxime crystallised from light petroleum (b. p. 40—60°) in 
yellowish-green needles, m. p. 117° (decomp.) (Found : C, 73-2; H, 7-9. Cy9H,,O,N requires C, 
73-4; H, 7-6%). 

The oxime formed a complex copper salt, soluble in benzene. Taylor and Ewbank (J., 
1926, 2818) have shown that the formation of metallic chelate compounds of oximes indicates 
an enolic structure, such as an o-hydroxyl group in a benzene ring, adjacent to the oximino- 
group. 

Dihydroflavoglaucin.—A solution of crude flavoglaucin (1 g.), m. p. 92°, in ethyl acetate 
(25 c.c.) was shaken for 2 hours with hydrogen at 2—3 atms. in presence of a palladised strontium 
carbonate catalyst (0-3 g. of 2%). Evaporation of the filtered solution left a solid residue 
and one recrystallisation from light petroleum afforded yellow needles (0-92 g.), m. p. 97°, raised 
by one recrystallisation to 98°; m. p. under water, 89° (Found: C, 74-6; H, 9-8. C,H 5,0; 
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requires C, 74-5; H, 9-8%). A solution of dihydroflavoglaucin (50 mg.) and o-phenylenediamine 
(25 mg.) in alcohol (10 c.c.) was refluxed for 1 hour. On dilution with water and cooling, the 
product crystallised in yellowish-brown needles. Two recrystallisations from aqueous alcohol 
gave deep yellow needles, m. p. 150° (Found: C, 75-4; H, 9-2; N, 7-3. C,,;H;,O,N, requires 
C, 75-7; H, 91; N, 7:1%). The substance is therefore a Schiff base formed from its generators 
by elimination of one molecule of water. 

A solution of dihydroflavoglaucin (50 mg.) in alcohol (2 c.c.) was added to Brady’s reagent 
(1 c.c.) diluted with alcohol (1 c.c.), and the mixture kept at room temperature for 1 hour. 
The magma of deep red needles was drained and washed with a little alcohol. The 2: 4- 
dinitrophenylhydrazone, recrystallised from alcohol, formed deep red, hair-like needles, m. p. 
203° (Found: C, 61-6; H, 7:1; N, 11-3. C,;H3;,O,N, requires C, 61-7; H, 7-0; N, 11-5%). 

Dihydroflavoglaucin was also obtained by shaking a solution of auroglaucin (1 g.) in ethyl 
acetate (25 c.c.) in hydrogen at 2—3 atms. for 4 hours, with palladised strontium carbonate 
(0-5 g. of 2%) as catalyst. The product, after solidifying, crystallised from light petroleum 
in yellow needles, m. p. 98° alone or mixed with the product from flavoglaucin. The condens- 
ation product with o-phenylenediamine had m. p. 150° Quid = m. p. 150°) and the 2 : 4-dinitro- 
phenylhydrazone had m. p. 203° (mixed m. p. 203°). 

Oxiaation of Dihydroflavoglaucin.—The mibenies (0-7 g.) was dissolved in pyridine (50 c.c.) 
and oxidised with 4% aqueous potassium permanganate, volumes (5-8 c.c.) corresponding to 
1 atom of oxygen being added successively. The oxidation proceeded rapidly until 9 atoms 
of oxygen had been used, but the permanganate solution constituting the tenth portion was 
decolourised very slowly. After keeping overnight, the manganese oxide precipitate was 
collected and washed with pyridine and water, and the combined filtrate and washings con- 
centrated under diminished pressure to 20—30 c.c. Extraction with ether, and evaporation 
of the solvent, left a trace of a viscous oil with an odour of rue. The aqueous solution was 
acidified, and extracted six times with ether (20 c.c. each time). After drying over sodium 
sulphate, the ether was slowly distilled through a fractionating column; the residue was a 
pungent-smelling liquid, largely immiscible with water, and acid to litmus. This was shaken 
with water (5 c.c.), and the upper layer separated (0-15 g.) and converted into the p-phenyl- 
phenacy] ester, m. p. 67°, alone or mixed with authentic p-phenylpbenacyl n-octoate (cf. Drake 
and Bronitsky, J. Amer. Chem. Soc., 1930, 52, 3715; 1932, 54, 2059). The only other identifi- 
able product of the oxidation was oxalic acid. 

Dihydroflavoglaucin Dimethyl Ether (?)—A solution of dihydroflavoglaucin (1-8 g.) in 
acetone (50 c.c.) was refluxed for 2 hours and 20 minutes with the addition of seven successive 
equivalent quantities of methyl sulphate (1 c.c.) and aqueous sodium hydroxide (4 c.c. of 
10%) at intervals of 20 minutes. An excess of sodium hydroxide was added, the acetone 
removed in a vacuum, and the product isolated by means of ether as a viscous oil (1-3 g.), 
b. p. 190—195°/0-01 mm. (ferric reaction, negative). The 2: 4-dinitrophenylhydrazone was 
an oil which could not be crystallised. Oxidation of the product (0-8 g.) with slightly more than 
the theoretical quantity of permanganate gave unchanged material (0-5 g.) and a small quantity 
of liquid acids. 

A mixture of the oil (0-24 g.), alcohol (10 c.c.), hydroxylamine hydrochloride (0-07 g.), sodium 
acetate (0-14 g.), and water (3 c.c.) was refluxed for 10 hours. A crystalline product (80 mg.) 
separated on the addition of water and cooling; this crystallised from aqueous alcohol in 
colourless needles, m. p. 78°. The crystals retained microscopic droplets of oil which could not be 
removed by recrystallisation, and the analytical results were unsatisfactory (Found: C, 73-5; 
H, 9-9; MeO, 15-8. C,,H;,0,;N requires C, 72-2; H, 10-0; 2MeO, 17-8%). 

Demethylation of the supposed dimethyl ether with aluminium bromide in benzene solution 
gave a highly coloured product, insoluble in alkali and in light petroleum, from which no 
crystalline substance could be isolated. 

Dihydroflavoglaucin Monomethyl Ethey—Auroglaucin monomethy]l ether (3-2 g.) in alcohol 
(50 c.c.) was shaken for 2 hours with hydrogen at 2—3 atms. in the presence of palladised 
strontium carbonate (1 g. of 2%). The volume of hydrogen absorbed corresponded to 3-8H,, 
and the colour of the solution changed from orange to pale yellow. Evaporation of the filtered 
alcoholic solution left a yellow oil (deep yellowish-brown coloration with alcoholic sodium 
hydroxide; permanent dark green coloration with alcoholic ferric chloride), which was charac- 
terised as its 2: 4-dinitrophenylhydrazone, prepared by the use of Brady’s reagent. The de- 
rivative was nearly insoluble in alcohol and crystallised from glacial acetic acid in small, deep 
red needles, m. p. 193° (Found: C, 62:3; H, 7:3; N, 11-3. C,.H;,O,N, requires C, 62-4; 
H, 7:2; N, 11-2%). 
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Oxidation of Dihydroflavoglaucin Monomethyl Ether by Hydrogen Peroxide.—The conditions 
specified by Dakin (Amer. Chem. J., 1909, 42, 477) were modified owing to the insolubility 
of the substance in aqueous alkalis.. The monomethy]l ether (1 part), 20% sodium hydroxide 
solution (equivalent to 3 parts NaOH), and perhydrol (14 parts of H,O,) were mixed with 
enough alcohol to form a homogeneous solution. On heating to 30—35° in an atmosphere of 
nitrogen, a vigorous reaction set in, and the temperature rose spontaneously to 60—65° and a 
solid separated. After being maintained at 60° for 4 hour, the mixture was cooled, the liquid 
rapidly filtered, and the precipitate washed with a little alcohol. The combined filtrates 
were immediately methylated by the addition of methyl sulphate equivalent to the sodium 
hydroxide originally present and by heating on the steam-bath. After two further additions 
of equivalent quantities of methyl sulphate and sodium hydroxide with continued heating, 
an excess of sodium hydroxide was added, and most of the alcohol removed ina vacuum. The 
oil so liberated was taken up in ether, and the solution shaken twice with dilute aqueous sodium 
hydroxide, dried, and evaporated. The dark yellow residue was distilled, giving a pale yellow 
oil, b. p. 160—165°/0-02 mm. (Found: C, 71-9; H, 10-3. C,,H,,O, requires C, 70-6; H, 9-2. 
C,;H,,O; requires C, 71-4; H, 96%). It is possible that a methyl group has entered the aro- 
matic nucleus and this may explain the curious inertness that the substance exhibits towards 
nitric acid. 

The oil contained a trace of a ketone, presumed to be dihydroflavoglaucin dimethyl ether 
because it developed a red coloration with Brady’s reagent. It was insoluble in alkali and gave 
no ferric reaction. 

The precipitate from the oxidation.process consisted of a sodium salt and this was decom- 
posed with a slight excess of hydrochloric acid. The brown oily acid was separated from the 
aqueous layer and converted into its p-phenylphenacyl ester. This crystallised from methyl 
alcohol (norit) in colourless rhombic plates, m. p. 66—67° alone or mixed with an authentic speci- 
men prepared in the same way from -octoic acid (Found: C, 78-3; H, 7-7; side-chain Me 
by the Kuhn—Roth method, 4-9, 5-1. Calc. for C,.H,,O,: C, 78-1; H, 7-7; 1Me, 44%). 

Decahydroauroglaucin (Tetrahydroflavoglaucin).—A solution of auroglaucin (5 g.) in alcohol 
(100 c.c.) was shaken with hydrogen under 2—3 atms. in the presence of palladised strontium 
carbonate (3 g. of 2%). A volume equivalent to 4H, was rapidly absorbed, and a fifth mol. 
more slowly, but measurable absorption was complete in 1 hour, and shaking was continued 
for 1 hour more. The orange solution became very pale yellow as the reduction proceeded. 
After filtration, the alcohol was removed in a vacuum in a stream of nitrogen. The dark residual 
oil solidified on cooling in ice in the presence of light petroleum, and the substance crystallised 
from light petroleum in colourless needles (3-6 g.), m. p. 85° (Found: C, 74:1; H, 10-5; side- 
chain Me, 10-9. C,,H;,0, requires C, 74-0; H, 10-4; 2-2Me, 10-7%). The substance became 
coloured on exposure to air, and rapidly decomposed in contact with aqueous sodium hydroxide. 
With alcoholic ferric chloride a very transient green colour was observed, and when treated 
with alcoholic sodium hydroxide it gave a dark yellowish-brown coloration which faded rapidly. 

The non-crystalline residue from the reduction had a permanent green ferric reaction, and 
a ketonic group was present (2: 4-dinitrophenylhydrazone). It was assumed to be largely 
dihydroflavoglaucin. 

Triacetyl derivative. A mixture of tetrahydroflavoglaucin (0-2 g.), acetic anhydride (15 
c.c.), and sodium acetate (0-6 g.) was boiled for 10 minutes and then poured into water; the 
product separated as an oil, which solidified on keeping. It crystallised from aqueous methyl 
alcohol in colourless needles, m. p. 70° (Found: C, 68-8; H, 8-6. C,;H;,0, requires C, 69-1; 
H, 85%. Found: Ac by oxidation, 52-0. 3Ac and 2-2 side-chain Me require Ac, 51-56%), 

Oxidation of triacetyl tetrahydroflavoglaucin by means of chromic anhydride in acetic anhydride 
solution resulted in the formation of some liquid fatty acid (presumably m-octoic acid) and 
probably a neutral ketone, but no other product could be isolated. 

Tetrahydroflavoglaucin Dimethyl Ether.—Tetrahydroflavoglaucin (1 g.) in acetone (15 c.c.) 
was shaken for 1 hour at a time at room temperature with three successive quantities of methyl 
sulphate (1 c.c.) and aqueous sodium hydroxide (4 c.c. of 10%). The colour of the alkaline 
solution, at first deep brown, changed to yellow. An excess of sodium hydroxide was added, 
and most of the acetone removed in a vacuum. Addition of water liberated an oil, which 
solidified on cooling, and was crystallised from dilute alcohol; m. p. 78° (0-84g.). Recrystallised 
from light petroleum, it formed thin, colourless needles, m. p. 79° [Found: C, 74-9; H, 10-5; 
MeO, 18-3. C,,H,,0, requires C, 75-0; H, 10-7; 2MeO, 185%. Found: active hydrogen 
(Zerewitinoff), 4-9, 5-4/21° in pyridine. 1H requires 5-1%. Found: side-chain Me, 8-2, 8-4, 
1-85 side-chain Me requires 8-3%]. The substance was insoluble in aqueous sodium hydroxide, 
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developed no coloration in alcoholic sodium hydroxide, and exhibited no ferric reaction. 
Oxidation under a variety of conditions gave liquid acidic products similar to those obtained 
in other cases and no trace of an aromatic acid could be isolated. 

A solution of the substance (0-41 g.) in alcohol (25 c.c.) was optically inactive (« + 0-0020°). 
The ultra-violet absorption spectrum of the substance in light petroleum solution was examined. 
The strong absorpticn was indicated by the high dilution of the solutions required. The curve 
obtained for variation of the extinction coefficient with the wave-length shows a well-marked 
maximum at 3000 a. and a minimum at 2500—2460a. The curve is typical of a benzene ring 
system, but the maximum and minimum show a shift of about 200 a. towards the longer wave- 
length. This shift is typical of quinol derivatives and readily differentiates them from resorcinol 
and catechol derivatives (Klingstedt, Compt. rend., 1922, 175, 365). 

Tetrahydrodeoxyflavoglaucin.—Zinc dust was added in eight portions (0-2 g. each) to a 
boiling solution of dihydroflavoglaucin (0-3 g.) in acetic acid (25 c.c.), at intervals of 2 minutes. 
The yellow colour almost disappeared, and after a further 5 minutes’ boiling, the excess of 
zinc was collected and washed with a little hot acetic acid; the product precipitated by the 
addition of water was crystallised from aqueous alcohol (norit) and then from light petroleum, 
forming colourless hair-like needles, m. p. 113° (Found: C, 78-4; H, 10-5. Calc. for C,)H;,0, : 
C, 78:1; H, 10-9%). This substance (m. p. 111°) had been previously obtained by the catalytic 
(platinum-black) hydrogenation of flavoglaucin (Part I, loc. cit., p. 84) and characterised by 
its bisphenylurethane, m. p. 161°. The product of the above reduction similarly afforded the 
bisphenylurethane, m. p. 161°. 

The substance rapidly darkened and decomposed on exposure to the air (odour of -octoic 
acid); the ferric reaction was a very transient green coloration. With aqueous alcoholic 
sodium hydroxide it developed a deep yellowish-brown coloration, rapidly fading to pale 
yellow, and a trace of a crystalline solid was precipitated (sodium octoate ?). 

Tetrahydrodeoxyflavoglaucin Dimethyl Ether.—Tetrahydrodeoxyflavoglaucin (0-7 g.) in 
acetone (20 c.c.) was shaken at room temperature for 1 hour at a time with three successive 
equivalent quantities of methyl sulphate (0-5 c.c.) and aqueous sodium hydroxide (2 c.c. of 
10%). Excess of sodium hydroxide was then added, and the reaction completed on the steam- 
bath. The product isolated by means of ether was a yellow viscous oil (0-5 g.), b. p. 175— 
180°/0-02 mm. (Found: C, 78-6; H, 11:2. (C,,H 3,0, requires C, 78-8; H, 11-2%). 

The dimethyl ether (0-4 g.), dissolved in acetic acid (2 c.c.), was treated drop by drop with nitric 
acid (1 c.c., d 1-42) at room temperature. The red oily product was apparently a mixture of a 
quinone with some nitro-derivative. On reduction and treatment of the acid solution with 
sodium nitrite a diazonium salt was produced. This coupled with 8-naphthol to a red azo- 
compound that dissolved in sulphuric acid to a scarlet solution. 

Comparative Diazo-coupling Tests—These tests were made in aqueous alcoholic solutions 
in the usual way and in all cases where a positive result is stated the azo-compound was iso- 
lated in a crude condition and found to dissolve in concentrated sulphuric acid to a scarlet 


solution. 
Diazotised p-nitroaniline. Diazotised sulphanilic acid 

Substance. Na,COs3. NaOH. Na,CO. NaOH. 
Auroglaucin, flavoglaucin, and derivatives Negative Negative Negative Negative 
Tetrahydrodeoxyflavoglaucin Coupling masked by intense colour of solution; none 

after colour fades, and none in acetic acid 

Quinoctophenone Couples Couples Couples Couples 
Quinoctophenone 5-methyl ether Very weak Couples Negative Couples 
4-n-Amylquinoctophenone (IV) Negative Very weak Negative Negative 
5-n-Amyl-2-octylquinol \ Coupling masked by intense colour of solution; none 
2-Methy1-5-n-propylquinol J in acetic acid 
6-Allylquinacetophenone Couples Couples Couples Couples 
6-n-Propylquinacetophenone (III) Couples Couples Couples Couples 
3-n-Amylquinoctophenone 5-methyl ether (V) .... Negative Negative Negative Negative 








A description of the new synthetic compounds mentioned above will be published shortly. 

Comparative Bromination Tests——The amounts of bromine absorbed by a number of sub- 
stances were estimated under the following conditions. The solutions used were n/50-potassium 
bromide, n/10-sulphuric acid, n/50-potassium iodide (not accurately standardised), n/100- 
potassium bromate, n/100-sodium thiosulphate (standard). A mixture of carbon tetrachloride 
(25 c.c.) and 25 c.c. each of the sulphuric acid and potassium bromate solutions was shaken 
in a stoppered flask for $ hour. After 1 hour, 25 c.c. of the potassium iodide solution were 
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added and the iodine set free was titrated with thiosulphate. Also 25 c.c. of a carbon tetra- 
chloride solution of a known weight of the substance were added to the above mixture and 
kept for 1 hour. Addition of potassium iodide and titration with thiosulphate as in the blank 
gave the amount of unused bromine. 

The substances, and the number of mols. of bromine absorbed per mol. in 1 hour, were: 
















Thymol: 2-9 mols. (Jost and Richter, Ber., 1923, 56, 120, 
describe the tribromo-derivative formed in presence 
of an excess of bromine). 

Dihydroflavoglaucin: 1-5 mols. (1-7 in 6 hours). 

Tetrahydrodeoxyflavoglaucin : 1-6 mols. (1-9 in 6 hours), 

4-n-Amylquinoctophenone 5-methyl ether: 1-7 mols. 

4-n-Amylquinoctophenone: 1-7 mols. : 









Quantitative Micro-hydrogenation of Flavoglaucin and Auroglaucin.—We are indebted to 
Professor I. M. Heilbron, F.R.S., and Dr. H. Jackson for the following results. In the presence 
of Adams’s platinum oxide catalyst in acetic acid at 21-3°/764-7 mm. (4-5 hrs.) and 24-5°/760-7 
mm. (2-75 hrs.) the hydrogen absorbed by flavoglaucin corresponded to 7-13 and 7-03 double 
bonds respectively. This is interpreted as reduction of the double bond and the benzene 
nucleus, together with reduction of carbonyl to methylene and removal of one hydroxy] in the 
benzenering. With the same catalyst and auroglaucin at 23-9°/760-5 mm. (1 hr.) and 24-4°/759-5 
mm. (3 hrs.), hydrogen corresponding to 9-69 and 9-65 double bonds was absorbed. Taking 
into account the three additional double bonds, the results are in agreement with those for 
flavoglaucin. With a palladium-black catalyst, auroglaucin consumed 5-92 H, (saturation of 
four double bonds and CO->CH,), but the result for flavoglaucin was anomalous (3-54, 
3-54 H,) and indicated partial further reduction or perhaps impurity of the specimen. 
3 : 6-Dimethoxyphthalic Anhydride.—3 : 6-Dihydroxyphthalonitrile (35 g.) (Pai and Guha, 
J. Indian Chem. Soc., 1934, 11, 231) was methylated with excess of methyl sulphate and alkali. 
It was found impossible to carry the methylation to completion. The 3: 6-dimethoxy- 
phthalonitrile was hydrolysed to the acid by alkali fusion, which gave a better yield than 
the method of Graves and Adams (J. Amer. Chem. Soc., 1923, 45, 2446). A mixture of the 
nitrile (30 g.), potassium hydroxide (100 g.), and water (15 c.c.) was cautiously liquefied in a 
metal crucible and heated until the vigorous evolution of ammonia ceased (20—30 minutes). 
The diluted solution was added with stirring to a slight excess of 5N-sulphuric acid cooled in 
ice, and the acid liquors were heated on the steam-bath to complete the precipitation of the 
anhydride. The solid product (25 g.) consisted of a mixture of acid and anhydride and was 
recrystallised from acetic anhydride. The mother-liquors were concentrated and treated with 
charcoal, and a further quantity of 3: 6-dimethoxyphthalic anhydride obtained (total yield, 
22 g.; m. p. 259—260°). 
3: 6: 6’-Trimethoxy-2-m-toluoylbenzoic Acid (X1I).—The method of Walsh and Weizmann 
(loc. cit.) for preparing 3: 6-dichloro-2’-methoxy-m-toluoylbenzoic acid was followed. A 
mixture of 3 : 6-dimethoxyphthalic anhydride (20 g.), o-tolyl methyl ether (14 g.), carbon di- 
sulphide (150 c.c.), and aluminium chloride (45 g.) was refluxed on the steam-bath for 12 hours. 
On working up, a dark semi-solid acidic product (24 g.) was obtained. This was dissolved in 
warm alcohol; the solution, on cooling, deposited the acid in a crystalline state. Recrystallised 
from alcohol, it formed pale yellow prisms (7 g.), m. p. 216°. A second recrystallisation from 
alcohol (norit) gave colourless, rhombic prisms, m. p. 218° (Found : C, 65-2; H, 5-4. C,,H,,0, 
requires C, 65-5; H, 5-5%). The remainder of the crude product consisted mainly of a mixture 
of this acid with partially demethylated acids. 
5 : 8-Dihydroxy-3-methoxy-2-methylanthraquinone (X; R=H, R’ = Me).—When a sol- 
ution of the above acid (2-4 g.) in concentrated sulphuric acid (15 c.c.) was maintained at 150— 
160° for 10 minutes, the deep red colour changed to violet-blue. The product (1-4 g.) was iso- . 
lated by pouring into water and boiling to coagulate the precipitate, and separated from a dark- 
coloured impurity by solution in hot acetic acid. The diluted solution deposited red microscopic 
needles (1 g.), m. p. indefinite above 170°. A solution of this product (0-1 g.) in alcohol (5 
c.c.) was refluxed for 2 hours with sodium ethoxide (0-2 g. of sodium in 10 c.c. of alcohol) 
and methyl sulphate (1 g). The diluted solution deposited deep red needles, which were re- 
crystallised from aqueous acetic acid; m. p. 194—195°, unchanged after sublimation at 170— 
180°/1 mm. (Found: C, 67-5; H, 4-4. C,,H,,0, requires C, 67-6; H, 4:2%). 
The yellow solution in acetic acid exhibits a faint green ftuorescence. The substance is very 
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slightly soluble in aqueous sodium carbonate, and soluble in aqueous sodium hydroxide to a 
magenta solution showing a green fluorescence; the colour slowly fades to pale red. The sol- 
ution in sulphuric acid is violet-blue in thick layers, magenta in thin, and has a green fluorescence. 

3: 5: 8-Trimethoxy-2-methylanthraquinone (X; R = R’ = Me).—A mixture of the above 
crude product (0-5 g.), acetone (10 c.c.), methyl iodide (2 g.), and potassium carbonate (2 g.) 
was refluxed for 6 hours; the colour adsorbed on the potassium carbonate had then almost 
completely disappeared. A bright yellow solid separated on addition of water; it crystallised 
from alcohol in long, yellow needles, m. p. 231° (Found: C, 69-1; H, 5-0. C,,H,,O, requires 
C, 69-2; H, 5-1%). 

The yellow solution in acetic acid does not fluoresce. The colour in sulphuric acid is deep 
blue in thick layers, violet-blue in thin layers, with faint green fluorescence. 

3:5: 8-Trihydroxy-2-methylanthraquinone (X; R = R’ = H).—The crude condensation 
product (0-4 g.) was treated with concentrated sulphuric acid (10 c.c.) at 150—160° for 20 minutes ; 
the dark-coloured solid isolated by pouring into water and boiling crystallised from aqueous 
alcohol in deep orange, microscopic needles (0-1 g.), m. p. 254°. Recrystallisation from alcohol 
and acetic acid, and sublimation at 180—190°/1 mm., did not alter the m. p. The sublimate 
formed deep red needles, slowly changing to deep orange on keeping (Found: C, 61-7; H, 
4-1. C,,;H,,O;,1-2H,O requires C, 61-7; H, 4:2%. Found in material dried at 110°: C, 
64:1; H, 3-6. C,,;H,,O0;,0-6H,O requires C, 64:1; H, 39%). ° 

The yellow solution in acetic acid fluoresces green. The substance is soluble in aqueous 
sodium carbonate to a wine-red solution with faint green fluorescence, fading to pale red; 
the caustic alkali solution ‘s crimson with green fluorescence, fading to pale red. The solution 
in sulphuric acid is magenta both in thick and in thin layers. 

The ¢triacetyl derivative, obtained by the action of boiling acetic anhydride: containing 
a little sodium acetate during 5 minutes, crystallised from aqueous acetic acid in yellow needles, 
m. p. 196° (Found: C, 63-8; H, 4:2. C,,H,,0O, requires C, 63-6; H, 40%). 


The authors thank Dr. B. S. Gould for assistance in the preparation of the natural pigments 
and Mr. H. W. Thompson for the spectrographic work. One of them (J. H. C.) is indebted 
to the Carnegie Trust for the award of a Fellowship. 
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393. Synthesis of Derivatives of Quinol related to Dihydroflavoglaucin. 


By J. H. CruIcKSHANK and ROBERT ROBINSON. 


In view of the possibility that dihydroflavoglaucin is an alkyl (amyl or isomeric 
chains in a block or distributed) derivative of 2: 5-dihydroxyoctophenone, this 
substance and some related ketones have been synthesised. Considerable variations 
have been experienced in the results of applying similar procedure to closely related 
substances. This applies to the relative yields of dihydroxy-ketones and their ethers 
and monomethy] ethers in the Friedel-Crafts syntheses and also to the behaviour of the 
various ketones towards aluminium bromide. 

2 : 5-Dihydroxyoctophenone (I) resembles dihydroflavoglaucin in colour and in its 
reactions; 6-propylquinacetophenone (II) is, however, colourless and its carbonyl group 
is inert (that of dihydroflavoglaucin is readily brought into reaction). 

2 : 5-Dihydroxy-4-n-amyloctophenone (III) has a paler yellow colour than (I), but 
otherwise is very like dihydroflavoglaucin. The outcome of this investigation has been 
to confirm the correctness of the views expressed in the preceding communication. 

Unfortunately 2: 5-dihydroxy-3-n-amyloctophenone has not been obtained. 
Its monomethyl ether (IV) was found to break down on attempted demethylation. 


OH OH OH 


O-[CH,],"Me COMe O-[CH,],"Me 


H SH H 
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Quinot dimethyl ether and -octoyl chloride in the presence of aluminium chloride afford 
2-hydroxy-5-methoxyoctophenone (V), which may be further demethylated by means of 
aluminium bromide with formation of (I). It was thought that the 5-n-amyl ether of (I) 
might undergo a migration process involving the amyl group when it was treated with 
aluminium halides, but in these circumstances the dihydroxyoctophenone was regenerated. 


OH OH OH 
n-C5Hy, CO-[CH,],_*Me O-[CH,],"Me COMe 
n-C,H 
Me Me OMe 
(IV.) (V.) (VI.) 


Friedel-Crafts acetylation of m-propylquinol dimethyl ether gave the monomethyl 
ether (VI) of 2: 5-dihydroxy-4-n-propylacetophenone and this was demethylated by the 
action of aluminium chloride or bromide; a considerable proportion of the ketone was 
converted into -propylquinol in these operations. 

2 : 5-Dimethoxy-n-amylbenzene (VII) has been prepared by the m-valerylation of quinol 
dimethyl ether, followed by Clemmensen reduction of the product (IX) (which is mono- 
demethylated) and finally by methylation. These stages were used in other cases of a 
similar nature. m-Octoylation of (VII) was accompanied by mono-demethylation and in 


OMe OH 
5Hy,(”-) n-CgHyy C,H,,(n-) CO-C,H, 
OMe Me 
(VIT.) (VIII.). (IX.) 


this case the second methyl] group could be removed without difficulty and with formation 
of 2 : 5-dihydroxy-4-n-amyloctophenone (III). Successive reduction of the intermediate 
monomethy]l ether by Clemmensen’s method, methylation, and oxidation by nitric acid in 
acetic acid solution gave 2-n-amyl-5-n-octylbenzoquinone (VIII). The experiment was 
made in order to determine whether such a heavily alkylated quinol dimethyl ether could 
be nitrated and for comparison with the behaviour of a reduced and methylated flavoglaucin 
derivative towards nitric acid. 

As the dihydroxy-4-n-amyloctophenone (III) resembled dihydroflavoglaucin apart 
from its much paler yellow colour, we desired to examine the corresponding isoamyl 
ketone in order to find out what effect, if any, the branching of the alkyl chain has on the 
intensity of colour in this series of compounds. 

2 : 5-Dihydroxy-4-isoamyloctophenone was accordingly prepared by a method similar 
to that already described for the isomeride and it also was a pale yellow substance. 
Accordingly the 1: 2:4: 5-arrangement of substituents in flavoglaucin appears to be 
excluded unless there is an additional substituent as, for example, in a 2-: 5-dihydroxy- 
3 : 4-dialkyloctophenone. 

2-Hydroxy-5-methoxy-3-n-amyloctophenone (IV) has been synthesised from the n- 
valerylation product of quinol dimethyl ether, namely, the monomethyl ether (IX). The 
corresponding hydroxymethoxy-n-amylbenzene was obtained by Clemmensen’s method of 
reduction and the n-octoate of this was submitted to a Fries migration. The ketone (IV) 
might well have proved to be identical with dihydroflavoglaucin monomethyl ether, but 
it is not so, although the resemblance is close. We were unable to effect the demethylation 
of this substance and all attempts in this direction led to decomposition with formation 
of m-amylquinol. 

Unexpected difficulties were encountered in the attempted preparation of the isoamyl 
analogue of (IV). Thus the 5-benzyl ether of 2 : 5-dihydroxyisovalerophenone did not form 
a semicarbazone under the usual conditions; in the presence of pyridine the ketazine was 
produced. Again the isovalerylation of quinol dimethyl ether proceeded abnormally, 
giving only a poor yield of partly demethylated product, and the semicarbazone of 
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2-hydroxy-5-methoxyisovalerophenone was converted into a ketazine under the conditions 
of the Wolff—Kishner process. Experiments along these lines will be continued. 

6-Allylquinacetophenone and some of its derivatives have already been prepared by 
Baker and Lothian (J., 1936, 279); the dimethyl ether gives the iodoform reaction and 
affords a flavylium salt when condensed with o-vanillin in the presence of hydrogen chloride. 
Moreover its styryl derivative has been oxidised with permanganate, and the product 
identified as 3: 6-dimethoxyphthalic anhydride; therefore the constitution attributed 
to the allyl ketone by Baker and Lothian is undoubtedly correct. 

In order to exclude ambiguity due to the unsaturated side chain, 6-allylquin- 
acetophenone has been catalytically reduced to 6-n-propylquinacetophenone (II). The two 
6-substituted quinacetophenones are colourless and do not form semicarbazones or 
dinitrophenylhydrazones. This is clearly due to o-hindrance and, as flavoglaucin readily 
reacts with reagents for the carbonyl group, we may be sure that the 6-position is not 
substituted in the molecule of that colouring matter. 


EXPERIMENTAL. 


4-Methoxyphenyl Valerate.—n-Valeryl chloride (16 g., b. p. 126—127°) was added to a 
mixture of quinol monomethyl ether (16 g.), pyridine (20 c.c.), and ether (100 c.c.). After 2 
hours, the solution was washed with dilute hydrochloric acid and then with aqueous sodium 
hydroxide, the ether evaporated, and the residue distilled, b. p. 150—152°/10 mm. (21 g.) 
(Found: C, 69-2; H, 7:7; MeO, 14-2. C,,H,,O, requires C, 69-2; H, 7:7; 1MeO, 14-9%). 

2-H ydroxy-5-methoxy-n-valerophenone (IX).—(A) Rosenmund and Lohfert (Ber., 1928, 61, 
2601) claimed that good yields of ketones could be obtained from phenolic esters by the use of 
aluminium chloride in nitrobenzene solution. Stoughton, Baltzly, and Bass (J. Amer. Chem. 
Soc., 1934, 56, 2007) prefer to use higher temperatures without nitrobenzene, and report poor 
yields by the other method. In the present example the migration did not occur in nitro- 
benzene solution. 

A mixture of 4-methoxyphenyl valerate (47 g.) and aluminium chloride (40 g.) was heated 
on the steam-bath for 6 hours. The resulting dark brown oil deposited yellow crystals after 
2 hours, and later set to a dark brown, porous mass. The solid was decomposed with ice and 
hydrochloric acid, and the product isolated by means of ether as a dark brown oil, which was 
extracted with light petroleum. The solvent-free yellow oil which dissolved had b. p. 146— 
154° /0-2 mm. (23 g.); it solidified on cooling. The substance crystallised from light petroleum 
in large, pale yellow needles, m. p. 62°, or from alcohol in thin, very pale yellow needles (Found : 
C, 69-0; H, 8-1; MeO, 15-2. C,,H,,O; requires C, 69-2; H, 7-7; 1MeO, 14:9%). The ferric 
reaction in alcoholic solution was a persistent green coloration and a yellow colour was 
developed in alcoholic sodium hydroxide. The 2: 4-dinitrophenylhydrazone crystallised from 
alcohol-chloroform in deep red needles, m. p. 186° (Found: C, 55-4; H, 5-3. C,,H,,O,N, 
requires C, 55-7; H, 5-2%). 

(B) -Valeryl chloride (40 g.) was added to a suspension of powdered aluminium chloride 
(40 g.) in carbon disulphide (100 c.c.), and the mixture heated on the steam-bath until all the 
solid had dissolved. A solution of quinol dimethyl ether (50 g.) in carbon disulphide (200 c.c.) 
was then gradually added and after 4 hours the carbon disulphide was decanted from the oily 
reaction product. Decomposition with ice and hydrochloric acid, and working up as before, 
gave yellow needles, m. p. 62° (35 g.); 2: 4-dinitrophenylhydrazone, m. p. 186°, identical 
with the product obtained under (A). The yield could be improved by. cooling the solution in 
ice during the addition of the quinol dimethyl ether and then allowing the mixture to heat 
spontaneously. 

2-Hydroxy-5-methoxy-n-amylbenzene.—The original method of Clemmensen (Ber., 1913, 46, 
1837; 1914, 47,°51) was employed. The modification used by Stoughton, Baltzly, and Bass 
(loc. cit.) gave poor yields (10%) in their hands when used for the reduction of 2 : 5-dihydroxy- 
n-valerophenone. 

A mixture of 2-hydroxy-5-methoxy-m-valerophenone (35 g.), amalgamated zinc (120 g.), 
and hydrochloric acid (200 c.c. of 20%) was boiled for 4 hours with frequent shaking and addition 
of concentrated hydrochloric acid (125 c.c.) in portions from time to time. The products were 
isolated by the use of ether, and separated by distillation into a low-boiling fraction possessing 
a fruity odour and one (18 g.) of b. p. 1388—140°/0-1 mm. This slowly solidified on keeping and 
the substance crystallised from light petroleum in colourless needles, m. p. 44° (Found: 
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C, 74:4; H, 93. C,,.H,,0O, requires C, 74-2; H, 93%). It quickly coloured on exposure 
to the air; the ferric reaction in alcoholic solution was a very transient green coloration. 

4-Methoxy-2-n-amylphenyl Octoate-—2-Hydroxy-5-methoxy-u-amylbenzene (6 g.) and n- 
octoyl chloride (6 g., b. p. 193—-195°/750 mm.) were added successively to an ice-cold mixture 
of pyridine (10 c.c.) and ether (50 c.c.), well shaken for 5 minutes, and kept overnight. The 
ethereal solution was washed with dilute hydrochloric acid, then with aqueous sodium hydroxide, 
dried, and evaporated; the residual oil had b. p. 167—171°/0-1 mm. (9 g.) (Found: C, 75-3; 
H, 9°7. Cg 9H;,0, requires C, 75-0; H, 100%). The ferric reaction was negative; there was no 
coloration with sodium hydroxide in acetone, and no coupling with p-nitrobenzenediazonium 
salts was observed. - 

2-Hydroxy-5-methoxy-3-n-amyloctophenone (IV).—The above ester (8 g.) was added to 
powdered aluminium chloride (3-5 g.) under hydrogen, and the mixture heated on the steam- 
bath. After 12 hours, the dark brown mass was decomposed with ice and hydrochloric acid ; 
the isolated product had b. p. 180—190°/0-1 mm. (5 g., 2-5 g. below 180°). It was a discoloured 
oil which could not be crystallised ; the ferric reaction was an intense permanent green coloration, 
and a deep yellowish-brown colour was developed with alcoholic sodium hydroxide. The 
substance was characterised as its 2 : 4-dinitrophenylhydrazone, which crystallised from alcohol 
in long, deep red needles, m. p. 103° (Found: C, 62-3; H, 7-5; N, 11-3; MeO, 5-9. CygH3,O,N, 
requires C, 62-4; H, 7:2; N, 11-2; 1MeO, 64%). The derivative was moderately readily 
soluble in alcohol. 

Reaction of the hydroxy-ketone with aluminium bromide (cf. Pfeiffer, J. pr. Chem., 1933, 
136, 125; 1937, 147, 293) led to decomposition. The ketone (1 g.), dissolved in dry benzene 
(10 c.c.), was added slowly at room temperature to a solution of aluminium bromide (3 g.) in 
benzene (20c.c.). After heating on the steam-bath for 4 hours, the yellow crystalline precipitate 
originally formed changed to a thick black oil. The mixture was decomposed with dilute 
hydrochloric acid, the benzene layer evaporated, and the residual dark tar extracted with hot 
light petroleum (b. p. 40—60°). The cooled extracts deposited colourless needles, which were 
recrystallised from a little benzene; m. p. 86°. Stoughton, Baltzly, and Bass (Joc. cit.) ascribe 
the m. p. 85—86° to n-amylquinol (Found: C, 73:2; H, 8-9. Calc. for C,,H,,0,: C, 73-3; 
H, 89%). ‘ 

The colourless needles rapidly coloured in the air, gave a deep brown alkaline solution, 
and a very transient green ferric reaction. 

Attempted demethylations with aluminium bromide in boiling carbon disulphide, 
hydrobromic acid in acetic acid solution, hydriodic acid in acetic acid, and ice-cold acetic 
anhydride saturated with dry hydrogen bromide, gave amylquinol as the only isolable product. 

2: 5-Dimethoxy-n-amylbenzene (VII).—2-Hydroxy-5-methoxy-n-amylbenzene (18 g.) in 
acetone (50 c.c.) was refluxed for 1 hour at a time with two portions each of methyl sulphate 
(5 c.c.) and aqueous sodium hydroxide (10 c.c. of 20%). An excess of sodium hydroxide was 
added, most of the acetone removed in a vacuum, and the product isolated with ether as a 
colourless oil, b. p. 144—146°/12 mm. (16 g.) (Found: MeO, 29-4. C,,H,.O, requires 2MeO, 
29-8%). 

2-Hydroxy-5-methoxy-4-n-amyloctophenone.—n-Octoyl chloride (12-2 g., b. p. 193—195°/750 
mm.) and powdered aluminium chloride (10 g.) were completely dissolved in carbon disulphide 
(100 c.c.) by refluxing and the solution was then cooled in ice. A solution of 2 : 5-dimethoxy- 
n-amylbenzene (15 g.) in carbon disulphide (100 c.c.) was slowly introduced and the mixture 
was kept in the ice-bath for 2 hours, allowed to reach room temperature during 1 hour, and then 
refluxed for 8 hours. The supernatant viscous dark oil was separated and decomposed with ice 
and hydrochloric acid. The product was isolated by extraction with light petroleum and 
concentration of the solution, which, on cooling in a freezing mixture, deposited pale yellow 
needles (19 g.), m. p. 42°; after recrystallisation from light petroleum or alcohol, m. p. under 
water 42° (Found: C, 74:9; H, 9-9; MeO, 9-0. C,,H;,0, requires C, 75-0; H, 10-0; 1MeO, 
9-7%). 

The substance gave a deep yellow coloration with sodium hydroxide in acetone and a 
permanent green coloration with ferric chloride in alcoholic solution. The 2 : 4-dinitrophenyl- 
hydrazone formed dark red plates, m. p. 117°; it was sparingly soluble in alcohol, and best 
crystallised from chloroform-ethyl alcohol (Found: N, 11-4. C,,H,,0,N, requires N, 11-:3%). 

2 : 5-Dihydroxy-4-n-amyloctophenone (III).—-With aluminium bromide under the same 
conditions as were employed in attempted demethylation of the 3-n-amyl isomeride, 2-hydroxy- 
5-methoxy-4-n-amyloctophenone was almost quantitatively demethylated. The resultant 
benzene solution was evaporated, and the product taken up in light petroleum. The cooled 
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extracts deposited pale yellow needles, which were recrystallised from light petroleum or aqueous 
alcohol; m. p. 94°; m. p. under water, 85° (Found: C, 74:3; H, 10-1. C, 9H 3,0; requires 
C, 74-5; H, 98%). 

The substance was much paler yellow than the isomeric dihydroflavoglaucin, but closely 
resembled it in respect of the ferric reaction (green changing to reddish-brown), and the behaviour 
with sodium hydroxide in acetone (deep yellow coloration changing to reddish-brown on shaking 
in air). 

The 2 : 4-dinitrophenylhydrazone was readily soluble in alcohol and crystallised from methyl 
alcohol in purple needles, m. p. 112°; the colour of the derivative changed to brick-red at about 
90°. 

The dihydroxyketone and its monomethy]l ether were recovered unchanged after treatment 
with zinc dust and acetic acid under the conditions which effected the complete reduction of 
dihydroflavoglaucin. 

2-n-A myl-5-n-octylbenzoquinone (VIII).—2-Hydroxy-5-methoxy-4-n-amyloctophenone (3 g.) 
and amalgamated zinc (20 g.) were boiled with hydrochloric acid (50 c.c. of 20%) for 2 hours. 
The product was isolated by means of ether as a pale yellow oil. Without further purification, 
acetone (25 c.c.), aqueous sodium hydroxide (4 c.c. of 10%), and methyl sulphate (1 c.c.) were 
added and, after shaking for 5 minutes, the mixture was heated on the steam-bath for 4 hour. 
The oily product, doubtless 2-n-amyl-5-n-octylquinol dimethyl ether, was isolated in the usual 
way. 
Attempted oxidations of this material to a terephthalic acid were unsuccessful, but the 
corresponding quinone was formed when the dimethyl ether was dissolved in acetic acid (2 vols.) 
and treated with nitric acid (1 vol.) at room temperature. Yellow crystals appeared 
immediately ; after } hour these were taken up in ether, freed from acid by washing with aqueous 
sodium carbonate, and, after evaporation of the solvent, crystallised from alcohol, being obtained 
in yellow needles, m. p. 65° (Found: C, 78-4; H, 10-2. C, .H3,9O, requires C, 78-6; H, 10-3%). 

2-n-Amyl-5-n-octyiquinol was prepared by reduction of the quinone with sodium hypo- 
sulphite in 50% alcohol. It formed white needles, rapidly darkening in the air, and gave a very 
transient green ferric reaction. It developed an intense dark brown coloration in alcoholic 
sodium hydroxide; this faded only slowly, so that diazo-coupling reactions could not be 
observed. It was almost insoluble in cold aqueous sodium hydroxide. 

Quinol Diisovalerate.—isoValeryl chloride (48 g.) was added slowly to a stirred suspension 
of quinol (22 g.) in pyridine (20 c.c.) and ether (150 c.c.) cooled in ice-water. Stirring was 
continued for 15 minutes, and the mixture kept overnight. Water was then added, and the 
ethereal layer extracted with dilute hydrochloric acid and 5% aqueous sodium hydroxide. 
Evaporation of the solvent left a partly crystalline oil, which was distilled. After rejection of 
a small first fraction, the distillate solidified and crystallised from alcohol in colourless rods, 
m. p. 55° (50 g.) (Found: C, 68-9; H, 8-0. C,,H,,O, requires C, 69-1; H, 7-9%). 

2 : 5-Dihydroxyisovalerophenone.—The yields obtained in the following experiment agree 
with the findings of Stoughton, Baltzly, and Bass (loc. cit.) for quinacetophenone, and do not 
bear out the claims of Rosenmund and Lohfert (loc. cit.). A mixture of quinol diisovalerate 
(28 g.), quinol (11 g.), and powdered aluminium chloride (30 g.) was cautiously heated to 150— 
160° (oil-bath), and maintained at that temperature for 1 hour; a long and wide condenser 
was found to be necessary. Decomposition with dilute hydrochloric acid liberated a dark 
brown oil, which solidified almost completely (22 g.). It contained a quantity of quinol, which 
was separated by solution in hot benzene. The substance (15 g.) crystallised from benzene 
in yellow plates and from light petroleum (b. p. 60—80°) in stout yellow needles, m. p. 110° 
(Found: C, 68-2; H, 7-0. C,,H,,O, requires C, 68-0; H, 7-2%). 

2-Hydroxy-5-benzyloxyisovalerophenone.—A mixture of alcoholic sodium ethoxide (from 
1-8 g. of sodium and 100 c.c. of alcohol), benzyl chloride (10 g.), and 2 : 5-dihydroxyisovalero- 
phenone (13 g.) was refluxed on the steam-bath for 8 hours; the alcohol was then removed in a 
vacuum, and the product isolated by means of ether and distilled. The fraction, b. p. 160— 
170°/2 mm. (12 g.), solidified on cooling and crystallised from alcohol in pale yellow rhombs, 
m. p. 60° (10-4 g.) (Found: C, 76-2; H, 7-1. C ,,H9O; requires C, 76-1; H, 70%). 

No semicarbazone of this substance could be isolated in any of a large number of attempts; 
the conditions which gave a small yield of the semicarbazone of the monomethy] ether failed 
completely with the monobenzyl ether. The following procedure led to the formation of the 
ketazine. A mixture of 2-hydroxy-5-benzyloxyisovalerophenone (1 g.), semicarbazide hydro- 
chloride (0-7 g.), and pyridine (15 c.c.) was heated on the steam-bath for 4 hours. The resulting 
deep yellow solution, diluted with water, deposited a yellow crystalline precipitate (0-7 g.). 
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Recrystallisation from aqueous pyridine gave deep yellow needles, m. p. 174°, almost insoluble 
in alcohol and in benzene (Found: C, 76-4; H, 7-0; N, 5-2. C3,H,O,N, requires C, 76-6; 
H, 7-1; N, 50%). 

An attempt to prepare the hydrazone, using a very large excess (20 mols.) of hydrazine 
hydrate in acetic acid solution, gave the same product, m. p. 174°. 

Staudinger and Kepfer (Ber., 1911, 44, 2205) reduced ketazines to hydrocarbons by heating 
with an excess of hydrazine hydrate at 200°. In this case, the ketazine (2 g.) was heated with 
hydrazine hydrate (10 c.c.) at 200° for 24 hours in a sealed tube. The product was a dark tar, 
from which only a trace of a colourless oil could be distilled, and the only substance that could 
be isolated was the unchanged ketazine, m. p. 174°. 

Semicarbazone of 2-Hydroxy-5-methoxyisovalerophenone.—The Friedel-Crafts reaction 
between isovaleryl chloride (48 g.) and quinol dimethyl ether was carried out exactly as for 
2-hydroxy-5-methoxy-n-valerophenone. The product was a dark oil, which on distillation 
gave a fraction (8 g.), b. p. 100—130°/2 mm., and another (31 g.), b. p. 120—155°/0-02 mm. 
The latter contained the desired product mixed with 2: 5-dimethoxyisovalerophenone. The 
pure monomethy] ether was isolated in the form of its sodium salt (cf. Baker and Lothian, J., 
1936, 279). An ethereal solution of the fraction was shaken with 25% aqueous sodium hydroxide ; 
the dark-coloured aqueous solution then became filled with yellow needles. The solid was 
collected, washed with a little ether, and then with light petroleum. The sodium salt was 
decomposed with hydrochloric acid, giving an almost colourless oil which still could not be 
crystallised, and the semicarbazone was prepared for further purification. 

Nothing was deposited from an aqueous alcoholic solution of the oily material, semicarbazide 
hydrochloride, and sodium acetate in 4 days. On addition of a few c.c. of pyridine, however, 
and keeping for some hours, there was a copious separation of long needles, but even so no more 
than 40—50% of the oil could be converted into the semicarbazone. Recrystallised from alcohol, 
it formed very pale yellow needles, m. p. 171° (Found: C, 59-0; H, 7:3; N, 15-6. C,3;H,,0O,N; 
requires C, 58-9; H, 7-2; N, 15-9%). 

Ketazine of 2-Hydroxy-5-methoxyisovalerophenone.—It was anticipated that a Wolff—Kishner 
reduction of the above semicarbazone would proceed smoothly to give 2-hydroxy-5-methoxy- 
tsoamylbenzene, but this did not prove to be the case. The semicarbazone (3 g.) was heated 
at 180—185° with alcoholic sodium ethoxide (from 0-4 g. of sodium and 10 c.c. of alcohol) for 
36 hours in a sealed tube. The product, which solidified on cooling, was washed with alcohol. 
The washings were evaporated, and distillation of the residue gave only a trace of a colourless 
oily distillate. The solid product (2-5 g.) was recrystallised from aqueous pyridine and obtained 
in deep yellow needles, m. p. 144°, only slightly soluble in alcohol (Found: C, 69-7; H, 7-6; 
N, 6-7. C,,H;,0,N, requires C, 69-7; H, 7-8; N, 6°8%). 

2 : 5-Dimethoxyisovalerophenone.—The product from the above preparation of 2-hydroxy- 

5-methoxyisovalerophenone consisted of a mixture of the mono- and the di-methyl ether. A 
homogeneous product was obtained by methylation. 
' The combined distillates (25 g.) were dissolved in acetone (100 c.c.) and refluxed for 20 
minutes at a time with five successive additions of aqueous sodium hydroxide (10 c.c. of 10%) 
and methyl sulphate (2-5 c.c.). The product was worked up in the usual way, and 2: 5-di- 
methoxyisovalerophenone (24 g.) isolated as a colourless oil, b. p. 124—126°/1 mm. (Found: 
C, 70-4; H, 8-2. C,,H,,0, requires C, 70-3; H, 8-1%). 

2 : 5-Dimethoxyisoamylbenzene.—2 : 5-Dimethoxyisovalerophenone, submitted to the 
Clemmensen process, gave a slightly poorer yield of reduced product than that obtained from 
2-hydroxy-5-methoxy-n-valerophenone. Exactly the same conditions being used, the ketone 
(23 g.) gave 2: 5-dimethoxyisoamylbenzene (10 g.) as a colourless oil, b. p. 100—102°/2 mm. 
(Found: C, 75:2; H, 9-8. C,,;H,.O, requires C, 75-0; H, 9-6%). 

2: 4-Dinitrophenylhydvrazone of 2-Hydroxy-5-methoxy-4-isoamyloctophenone.—A solution of 
2 : 5-dimethoxyisoamylbenzene (7-5 g.) in carbon disulphide (50 c.c.) was added to one of 
n-octoyl chloride (6 g.) and aluminium chloride (5 g.) in carbon disulphide (75c.c.). The reaction 
was carried out, and the product isolated, by the methods used for the corresponding n-amyl 
compound. The product was a dark oil (8 g.), exhibiting a permanent green ferric coloration, 
and a deep yellowish-brown coloration in aqueous alcoholic sodium hydroxide. The 2: 4- 
dinitrophenylhydvazone crystallised from alcohol—-chloroform in deep red needles, m. p. 146° 
(Found: C, 62-6; H, 7-4; N, 11-1. C,.H;,0,N, requires C, 62-4; H, 7-2; N, 11-2%). 

A small quantity of the oil was demethylated with aluminium bromide. The pale yellow 
solid produced was a hydroxy-ketone (reaction with Brady’s reagent, and ferric reaction), whose 
colour was no more intense than that of the analogous 2: 5-dihydroxy-4-n-amyloctophenone. 
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2 : 5-Dihydroxy-6-n-propylacetophenone (II).—A solution of 2: 5-dihydroxy-6-allylaceto- 
phenone (0:3 g., obtained by heating 2-hydroxy-5-allyloxyacetophenone, which could, however, 
be purified by distillation, b. p. 123—125°/2 mm.; Baker and Lothian, loc. cit.) in ethyl acetate 
(20 c.c.) was shaken with hydrogen under 2—3 atms. for 6 hours, a palladised strontium 
carbonate catalyst (0-2 g. of 2%) being used. Evaporation of the filtrate gave a solid residue, 
which crystallised from a little benzene in colourless needles, m. p. 88° (Found: C, 62-3; 
H, 7°4. C,,H,,0;,1H,O requires C, 62-4; H, 7:5%. Found in material dried for 3 hours at 
60° ina vacuum: C, 68-2; H, 7-0. C,,H,,O0; requires C, 68-0; H, 72%). 

Both this substance and the allyl precursor are colourless, and exhibit only a very transient 
green ferric coloration; they are recovered unchanged after attempts to form semicarbazones, 
hydrazones, and 2: 4-dinitrophenylhydrazones. Addition of Brady’s reagent to their alcoholic 
solutions produced no trace of a red colour. 

Oxidation of 2 : 5-Dimethoxy-6-allylphenyl Styryl Ketone.—Potassium permanganate (11 g., 
10 atoms O) was gradually added to a suspension of the unsaturated ketone (3 g.) in boiling 
water (100 c.c.) and aqueous sodium hydroxide (20 c.c. of 10%). When the solution became 
colourless, it was filtered, the manganese precipitate washed with hot water, and the filtrates 
acidified and concentrated to about 100 c.c. on the steam-bath. The solution was then heated 
under reflux on the steam-bath for 8 hours to complete the precipitation of 3 : 6-dimethoxy- 
phthalic anhydride (Perkin and Weizmann, J., 1906, 89, 1658). The solid was crystallised 
from acetic anhydride (0-5 g.; intensely blue fluorescent solution); m. p. 260° alone or mixed 
with an authentic specimen of m. p. 260° (Found: C, 57-8; H, 4-1. Calc. for C,)H,O;: 
C, 57-7; H, 3-8%). 

2 : 5-Dihydroxy-n-propylbenzene.—The Friedel-Crafts reaction between quinol dimethyl 
ether and propiony] chloride gave an oily product, b. p. 140—190°/2 mm., consisting of a mixture 
of partially and completely demethylated ketones. The Clemmensen reduction product from this 
mixture gave a fraction (8 g.), b. p. 120—150°/2 mm., which partly crystallised on standing. 
The solid crystallised from benzene in colourless needles, m. p. 87° (Found: C, 71-3; H, 7-7. 
Calc. for C,H,,0,: C, 71:1; H, 7-°9%). Johnson and Hodge (J. Amer. Chem. Soc., 1913, 35, 
1020) describe colourless, microscopic needles, m. p. 86°. 

2 : 5-Dimethoxy-n-propylbenzene.—The above mixture (6 g.) was converted into a homo- 
geneous substance by methylation with methyl sulphate and sodium hydroxide; the product 
(6 g.) was a colourless oil, b. p. 128—130°/20 mm. (Found: C, 73-6; H, 8-8. Calc. for 
C,,H,,0,: C, 73-3; H, 8-9%). 

A portion of the distillate was stirred with nitric acid (4 vols. of 40%), and this resulted in 
the immediate formation of a solid derivative; it crystallised from aqueous alcohol in yellow 
needles, m. p. 64°. Thoms (Ber., 1903, 36, 857) prepared 3 : 6-dimethoxy-n-propylbenzene, 
b. p. 125°/20 mm., from dihydroasaron, and described the 4-nitro-derivative as yellow needles, 
m. p. 64°. 

2 : 5-Dihydroxy-4-n-propylacetophenone.—2 : 5-Dimethoxy-n-propylbenzene (5 g.) was added 
to an ice-cold solution of acetyl chloride (2-5 g.) and aluminium chloride (4-5 g.) in carbon 
disulphide (50 c.c.). After being kept for 1 hour at room temperature, the mixture was heated 
on the steam-bath for 8 hours. Decomposition with ice and hydrochloric acid gave a dark oil, 
which was isolated and distilled, b. p. 150—155°/1 mm. (4 g.). This pale yellow product was 
nearly pure 2-hydroxy-5-methoxy-4-n-propylacetophenone; it gave a permanent green ferric 
reaction, and a well-crystallised 2 : 4-dinitrophenylhydrazone with Brady’s reagent. 

This oily product (2 g.) was added to a solution of aluminium bromide (8 g.) in benzene, 
and the mixture refluxed for 4 hours. After decomposition with water a dark-coloured solid 
product was isolated by means of ether, and this was extracted with hot benzene. The benzene 
solution deposited crystals on cooling, and the substance was again crystallised from benzene, 
forming colourless needles, m. p. 87° alone or mixed with n-propylquinol. The mother-liquors 
were evaporated, and the solid residue crystallised from carbon tetrachloride. It formed 
yellow, rectangular plates (50 mg.), m. p. 85° (Found: C, 67-9; H, 7:3. C,,H,,O,3 requires 
C, 68-0; H, 7-2%). 

The monomethyl ketone was also demethylated by means of aluminium bromide, and the 
ketonic product isolated as the 2 : 4-dinitrophenylhydrazone; this crystallised from chloroform— 
alcohol in deep red needles, m. p. 216°. 

2-Hydroxy-5-methoxyoctophenone (V).—A solution of quinol dimethyl ether (13-5 g.) in 
carbon disulphide (100 c.c.) was added to an ice-cooled solution of aluminium chloride (15 g.) 
and »-octoyl chloride (15-6 g.) in carbon disulphide (50 c.c.). After 2 hours, the mixture was 
allowed to reach room temperature (1 hour), and then refluxed for 10 hours on the steam-bath. 
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Decomposition as usual gave a dark oily product, which was almost completely soluble in hot 
light petroleum. The cooled solution deposited thick, pale yellow needles (16-2 g.), m. p. 45°, 
and a further quantity (4 g.) was obtained from the mother-liquor. Recrystallisation from 
light petroleum and alcohol did not raise the m. p., which was the same when taken under water 
(Found: C, 71-8; H, 9:1; MeO, 12-1. C,;H,,O; requires C, 72-0; H, 8-8; 1MeO, 12-4%). 

The 2: 4-dinitrophenylhydrazone crystallised from alcohol—chloroform in orange-red 
microscopic needles, m. p. 134° (Found: C, 58-7; H, 5-9; MeO, 7:5. C,,H,,O,N, requires 
C, 58-6; H, 6-0; 1MeO, 7-2%). 

2 : 5-Dihydroxyoctophenone.—A solution of aluminium bromide (52 g.) in benzene (100 c.c.) 
was slowly added at room temperature to one of the monomethy]l ether (16 g.) in benzene (50 
c.c.). After refluxing for 6 hours on the steam-bath, the mixture was decomposed with water 
and a yellow oil, which solidified, was isolated and crystallised from benzene, forming yellow 
needles (13 g.), m. p. 86° (m. p. under water, 75°) (Found: C, 70-7; H, 8-5. C,,H,.O; requires 
C, 71-1; H, 8-5%). The 2: 4-dinitrophenylhydvazone crystallised from alcohol—chloroform in 
red m:croscopic needles, m. p. 186° (Found: C, 57-7; H, 5-6; N, 13-5. Cy9H,O,N, requires 
C, 67-7; H, 5-8; N, 13:5%). This ketone resembles dihydroflavoglaucin in its intensity of 
colour and it gives a similar ferric reaction (green fading to brown) and coloration with aqueous 
sodium hydroxide and acetone (deep yellow, slowly changing to reddish-brown on shaking in 
air). It is, however, readily soluble in aqueous sodium hydroxide. 

2 : 4-Dinitrophenylhydrazone of 2-Hydroxy-5-n-amyloxyoctophenone.—2 : 5-Dihydroxy- 
octophenone (5 g.) in alcohol (20 c.c.) was mixed with a solution of sodium ethoxide (1 g. of 
sodium and 20 c.c. of alcohol) and with »-amyl bromide (6-6 g.). The brown solution was 
refluxed till the colour had all but disappeared (6 hours); the alcohol was then evaporated, 
and the residue taken up in ether. Evaporation and distillation gave an orange-coloured oil 
(2-5 g.), b. p. 190—195°/1-5 mm. The 2: 4-dinitrophenylhydrazone crystallised from alcohol 
in deep red, rhombic plates, m. p. 121° (Found : C, 61-6; H, 7-0; N, 11-7. C,,H,,O,N, requires 
C, 61-7; H, 7-0; N, 11-5%). 

Reaction with Aluminium Chloride (cf. Smith, J]. Amer. Chem. Soc., 1933, 55, 3718).—The 
amyl ether (2 g.) and aluminium chloride (2-2 g.) were mixed in carbon disulphide (20 c.c.) and 
kept at room temperature for 3 days. The product was an oil, which when stirred with light 
petroleum left a yellow microcrystalline precipitate (1-0 g.). Recrystallised from benzene, 
it formed yellow needles, m. p. 86° (2: 4-dinitrophenylhydrazone, m. p. 186°) alone or in 
admixture with 2: 5-dihydroxyoctophenone. The portion soluble in light petroleum was 
converted into the 2 : 4-dinitrophenylhydrazone (0-9 g.), which after one recrystallisation had 
m. p. 121°, undepressed by the dinitrophenylhydrazone of the original amy] ether. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 31st, 1938.] 





394. The Distribution Factor in Catalytic Toxicity. 


By Epwarp B. MAXTED and HERBERT C. EVANS. 


The toxicity of a number of simple poisons towards a platinum catalyst has—in 
place of expressing toxicity in terms of the total poison present—been correlated with 
the actual adsorbed concentration of these poisons on the catalytic surface. The 
results obtained are of interest from the standpoint of the effective homogeneity of 
the surface elements in such catalysts, since they may be interpreted as evidence for 
the existence of at least two types of potential catalysing or adsorbing elements, all 
elements of a given type being apparently mutually equivalent. The mutual 
equivalence of the range of surface elements suppressed during not too advanced stages 
of the obstructive adsorption of a poison by a potentially active catalytic surface 
is confirmed by earlier work; and the present extension is not incompatible with the 
adlineation theory of Pietsch and Schwab. 


THE toxicity of an inhibitant in heterogeneous catalysis is, in general, determined by 
factors of two types involving, first, the area of catalytic surface influenced by each mole- 
cule of the poison in an adsorbed state and, secondly, the mean adsorbed life of the poison 
on the catalyst. 

Although the adsorption—particularly with strong poisons and if the ratio of poison 














2072 Maxted and Evans: 


to catalyst is not too high—may, under favourable conditions, be sufficiently complete 
for the adsorbed concentration to be regarded, without great error, as equal to the total 
amount present, yet a definite distribution of the poison between the free gas or liquid 
phase and the adsorbed phase will in every case occur; and, for the accurate expression 
of the true toxicity, on the basis of adsorbed concentrations, it is necessary to correct the 
effective toxicity, which is based on the total amount of poison present, by the intro- 
duction of a distribution factor. This factor is intimately connected with the mean 
adsorbed life of the poison on the catalytic surface and with the ease of removal of the 
poison by degassing or by washing with an inert solvent. 

In the case of poisons possessing relatively long adsorbed lives, corresponding with 
substantially complete adsorption if the total concentration of the poison is not too high, 
the distribution factor representing the fractional adsorption will approach unity, and the 
correction required for converting effective into true toxicity will be negligible. Thus, 
at not too advanced stages of adsorption, the residual pressure after the admission of 
gaseous hydrogen sulphide to a platinum catalyst is too low to give an appreciable reading 
on a McLeod gauge; and, under these conditions, the effective toxicity—which in such 
cases is identical with the true toxicity—will depend principally on the individual mole- 
cular coverage in the way already discussed (J., 1937, 603, 1004; this vol., p. 455). On 
the other hand, the effective toxicity of substances, for which the partition between the 
adsorbed and the free phase is low towards the adsorbed side, will depend not only on the 
individual molecular coverage but also—and to an increasing degree as the adsorbed life 
decreases—on the distribution ratio. 

The object of the present work has been, by determining both the effective toxicity 
and the distribution ratio for a number of simple inhibitants of varied toxicity, to plot the 
fall in the catalytic activity of a platinum catalyst against the actual adsorbed concentration 
of the poison on the catalytic surface, rather than against the total quantity of poison 
present, and thus to follow more accurately the true variation of the activity with the 
concentration of that part of the total poison which, by virtue of its obstructive occupation 
of potentially active catalytic surface, is responsible for the deactivation observed. This 
method of treatment has given what appears to be important new evidence with regard to 
the degree of participation of the various types of surface elements in adsorption or 
catalysis and particularly with respect to uniformity among these catalysing or adsorbing 
elements, in that indications were obtained of the existence of more than one, within 
itself uniform, range of such elements. 


EXPERIMENTAL. 


Two series of determinations were necessary for each inhibitant studied, viz., (i) a poisoning 
graph of the usual type connecting activity with the total amount of poison present, and (ii) 
measurements of the variation in the quantity of poison adsorbed on the catalyst as the total 
poison present is increased. For details of the technique and method of expression, reference 
should be made to earlier papers dealing with measurements of catalytic toxicity (loc. cit., and 
J., 1934, 26, 672) and with the adsorption of poisons by catalysts (J., 1925, 127, 73). The 
measurements both of catalytic activity and of the adsorption were made in liquid systems of 
similar composition; and, in general, the determinations of the distribution of the poison 
between the adsorbed and the free liquid phase were made by allowing a known initial con- 
centration of poison to remain in contact with a standard weight of catalyst, after which the 
residual poison content of the free liquid phase was determined by measuring the toxicity of 
the solution towards a standard catalyst. This method of analysis was necessary in view of 
the very small amounts of poison which are involved. The same stock of platinum catalyst 
was, save in some preliminary work, used throughout; and, as a convenient standard reaction 
for measuring the activity of this platinum for catalytic hydrogenation at various stages of 
poisoning, the hydrogenation of crotonic acid, in acetic acid solution, was, as usual, employed. 
Each charge, in the case of the poisoning measurements, contained 5 c.c. of a 2Nn-solution of 
crotonic acid in acetic acid, 0-05 g. of the catalyst, and a known amount of the poison, dis- 
solved in a further 5 c.c. of acetic acid. The poisons chosen were in each case relatively simple 
in order to minimise as far as possible factors associated with the coverage of large molecules. 

Preliminary Measurements with Arsine.—In order to obtain information as to the order of 
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the correction required with strong poisons, a preliminary series of measurements was carried 
out with arsine in the presence, in each case, of 0-05 g. of platinum-black; but, since this was 
not taken from the same platinum stock as that used throughout the main series, the results 
are not directly comparable with those obtained with the other poisons studied. They can, 
however, conveniently be used to show the not very great change involved, with strong poisons, 
in going from an apparent poisoning graph, based on the total poison present, to a true poison- 
ing graph, based on the poison actually adsorbed on the catalyst, and, as such, have been sum- 
marised in Fig. 1. Details of procedure are omitted, since this was, in general, very similar 
to that described below. 

Relative True Toxicities of Various Simple Poisons.—-In this main series of measurements, 
an attempt was made to compare the true toxicities of a number of simple poisons, including 
hydrogen sulphide, methyl] sulphide, the cyanide ion, arsine, and a typical catalytically poison- 
ous metal such as zinc. The results are, for the first poison studied, given numerically for the 
sake of completeness. In other cases, they are merely summarised in graphical form. 
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Catalytic Toxicity of Cyanides.—The effective toxicity, in catalytic hydrogenation, of the 
cyanide ion, in the form of potassium cyanide, towards 0-05 g. of the particular preparation 
of platinum used throughout the remainder of the present work and in a liquid system the 
volume of which was 10 c.c. in every case, is summarised in Table I. The activity of the 
catalyst is, as in earlier papers, expressed in c.c. of hydrogen fixed per minute in the hydrogen- 
ation of crotonic acid under standardised conditions. 


TABLE I. 
Poison content of system : 
Bs, TR. ot ine cavenacezvescese 0 0-078 0-156 0-261 0-393 0-524 0-786 1-048 1-307 
KCN, g.-mols. x 10-*...... 0 1:20 2:40 402 6-04 8-05 12-10 16-14 20-01 
Activity of catalyst, Rk ...... 14-1 12-1 10-3 7-4 4-4 3-5 2-4 1-6 0:8 


If the data of Table I are plotted graphically, the usual linear relationship is obtained, the 
region of inflexion occurring at a concentration of about 6 x 10 g.-mol. of the poison in the 
10 c.c. of acetic acid used. For purposes of comparison with the other poisons studied, this 
graph has also been included in the first of the collective diagrams (see Fig. 2). 

The next step was to determine the amount of poison adsorbed by the platinum at each 
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stage of total concentration. The variation of the adsorbed amount with the total poison 
introduced is shown in Table II, the volume of the system being 10 c.c. and the weight of 
catalyst 0-05 g., as before. 
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TABLE II. 
Distribution ratio. 


A 





KCN adsorbed ¢ — 
Total KCN content (g.-mols. x 10-*) KCN present in (a) KCN adsorbed (b) KCN adsorbed 
(g.-mols. x 10-) on 0-05 g. of liquid phase, to total KCN to KCN free in 
in 10 c.c. catalyst. g.-mols. x 10-*. present. 10 c.c. of solution. 
1-20 0-75 0-45 0-62 1-67 
2-40 1-52 0-88 0-63 1-72 
4-02 2-55 1-47 0-63 1-73 
6-04 3-85 2-19 0-64 1-76 
8-05 5-10 2-95 0-63 1-73 
12-10 7-72 4-38 0-64 1-76 
16-14 9-42 6-72 0-58 1-40 


It will be seen that a poison such as the cyanide ion is by no means completely adsorbed ; 
further, that the poison present in an adsorbed state on the platinum varies linearly with the 
total amount of the poison present, provided that this total poison is not in excess of a con- 
centration which falls slightly below 16 x 10 g.-mol. Consequently, within this range, there 
is an approximately constant distribution ratio of poison between the adsorbed phase and the 
free liquid phase, as is shown in the last two columns of the table. This adsorption graph is, 
for comparison, included in Fig. 3. 

It is now possible, by combining Tables I and II, to plot the catalytic activity of the platinum 
against the actual concentration of poison adsorbed on its surface. This has been done in 
Graph III of Fig. 4, from which it will be seen that an inflected linear relationship between 
these two quantities, very similar in form to that of the effective toxicity graphs shown in 
Fig. 2, is obtained. The probable implications of this relationship are discussed on p. 2077. 

Toxicities of Zinc, Arsine, Hydrogen Sulphide, and Methyl Sulphide.—The effective poisoning 
graphs for these inhibitants, based on the total poison present, are summarised in Fig. 2, and 
the corresponding adsorption graphs in Fig. 3. The zinc was employed as sulphate, it having 
been previously found that the sulphate ion was non-toxic; the arsenic was introduced as 
arsenious oxide which, in the presence of catalytically activated hydrogen, passes into arsine; 
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and the hydrogen sulphide and methyl sulphide were applied in the form of dilute solutions 
of these inhibitants as such. From the distribution ratios derived from Fig. 3, the fall in 
catalytic activity may, as before, be plotted against the adsorbed concentrations of the respec- 
tive poisons. This has been done in Fig. 4, the resulting graphs being of the inflected linear 
form similar to that obtained for the cyanide ion. 


Correction of Effective Toxicity to True Toxicity.—If, for the time being, toxicities only 
for total poison contents not beyond the first linear portion of the effective poisoning 
graphs, 7.e., up to the respective points of inflexion in Fig. 2, are considered, the following 
values for the true toxicities, based on the actual adsorbed concentration of the poison 
on the catalytic surface, are obtained by applying the appropriate distribution factors. 
In Table III, «, and «, are, respectively, the effective and the true poisoning coefficients 
(J., 1934, 26, 672) derived from the usual relationship, ky = k,(1 — ac), in which , is the 
activity of the catalyst in the presence of a concentration, c, of the poison (c being either 
the total or the adsorbed amount, according to whether «, or «, is being calculated), and 
in which kp is the original unpoisoned activity. K, is the distribution factor under the 
conditions employed, viz., the ratio of the poison adsorbed to the total poison present. 


TABLE III. 
Relative values 
Inhibitant. K,. Ky. a, X 10°55, ar X 10-5. of a;. 
Cyanide ion 0-63 17:3 1-14 1-89 


Hydrogen sulphide 0-86 58-5 2-82 3-17 
Arsine 0-75 30-0 6-06 8-33 


Methy] sulphide 0-67 19-0 19-6 28-6 . 
Zinc ion 0-39 6-1 14-3 39-6 12-5 

Since the value of K,—which represents the distribution factor in a convenient form 
for direct use within the present work—will vary with the volume of the solution used for 
the hydrogenation, the factor has also been expressed in a‘more general form, viz., as the 
ratio of the adsorbed concentration per unit surface of platinum to the free concentration 
per c.c. of liquid phase in equilibrium with this, the surface exposed by the 0-05 g. of the 
platinum catalyst being taken as unity. This factor, K,, should be independent of the 
volume of the solution, but will of course vary with a change in the platinum, in virtue of 
its dependence on the effective catalysing or adsorbing surface exposed per unit of mass. 

Two points of interest occur in connection with the variation of the true toxicity, 
a,, with the nature of the inhibitant. In the first place, if simple inhibitants only are 
considered, the true toxicity increases with the atomic radius of the poisonous element. 
Thus the atomic radii of sulphur, arsenic, and zinc, t.e., 1-04, 1-25, and 1-33 a., respectively, 
are in the same order as the relative toxicities of the simple compounds of these elements 
used; but, before any relationship between atomic radius and true toxicity can be dis- 
cussed quantitatively, further systematic work, including consideration of the probable 
state of toxic ions on a catalytic surface and of valency, is necessary, especially since 
ionic radii, for instance of zinc, differ from the atomic radii. Secondly, it may be noted 
that the correction for the adsorbed concent-ation raises the relative toxicity of methyl 
sulphide from the previously observed effective value of 7 (H,S = 1) to 9, based on adsorbed 
concentrations. The latter figure actually represents the number of platinum surface 
elements which can, on trial, be covered by a scale model of a methyl sulphide molecule 
superimposed on a model of a platinum lattice and anchored to this by its sulphur atom. 

Influence of Molecular Size on the Break Potnt.—In the above discussion of Table III, 
it was noticed that the true toxicities of the various simple poisons increased qualitatively 
in the same order as the molecular or atomic size. This order appears also to be followed 
both for the break points in the adsorption graphs, viz., for the critical adsorbed con- 
centration at which signs of saturation of the surface by the poison in question begin to 
be shown by the departure of the adsorption graph from its original linear slope, and also 
for the break points in the true toxicity graphs. This is shown in Table IV. 

With regard to the adsorption break point, it would be expected on first principles 
that a lesser number of larger molecules than of smaller molecules could be accommodated 
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on a given surface (which was, in the present work kept constant throughout the series 
at that presented by the 0-05 g. of standard platinum catalyst used), particularly—even 
in stoicheiometric adsorption—if the effective radius of the poison atom exceeds that of 
the platinum, by virtue of a crowding effect; but it will also be noticed that the catalytic 
break points, although in the same sequence, occur consistently at lower adsorbed con- 
centrations of poison than correspond with the adsorbed break. This has also been given 
consistently in another investigation involving true toxicities and distribution factors 
in the alkyl sulphide series, and it would appear that, in the catalytic curve, the adsorbed 
coverage must reach a critical value before inflexion sets in. There is, of course, on a 
partly poisoned surface—or even on a surface to which excess of a poison has access—an 
equilibrium between the occupation of surface area by the poison and by the normal 
reactants and resultants of the catalytic process, the equilibrium being strongly displaced 
towards the poison side; further, an important—but not the only—factor in this equi- 
librium will be the relative average adsorbed lives of the poison and of the reactants. 


TABLE IV. 
Relative true Break point in adsorption Break point in true toxicity 
Inhibitant. toxicity. graph, g.-mols. x 10-*. graph, g.-mols. x 10°. 

CYAMIGS TOM — ...reccecccsccccesves 0-6 9-5 3-8 

Hydrogen sulphide ............ 1-0 3°5 1-65 
pS EP rere ee ere ee 2-6 2-25 0-75 
Methy] sulphide ..............+++ 9-0 Not determined 0-23 
ZEMG TO ccdecacocessceseconcecesyes 12-5 0-4 0-13 


Implications of the True Toxicity Graphs.—The most probable general significance of 
a linear relationship between the adsorbed poison content and the catalytic activity is 
the mutual equivalence of the catalysing surface elements concerned; since, if this surface 
contained elements of abnormally high potential catalytic activity, their suppression by 
occupation by a poison would be reflected in a correspondingly greater fall in catalytic 
activity than would be caused by the suppression of any existing less active surface 
elements. This mutual equivalence of, at any rate, the surface elements involved in 
early stages of the adsorption both of poisons and of non-toxic bodies is apparently con- 
firmed by a number of investigations of the homogeneity of this range of adsorbing or 
catalysing elements carried out by many methods of approach (J., 1931, 3313; Trans. 
Faraday Soc., 1933, 29, 698; J., 1933, 502; 1934, 26, 272; 1935, 393; see also Schwab, 
Z. physikal. Chem., 1934, A, 171,421). The present investigation into the effect of poisons 
also at relatively advanced stages of adsorption, and the plotting of the actual adsorbed 
concentrations at these advanced stages against the residual catalytic activity—which 
has resulted in graphs of the flexed linear type shown in Fig. 4—apparently indicate the 
existence of a second type or range of homogeneous catalysing or adsorbing elements, 
which are mutually equivalent among themselves but are less effective both for adsorption 
and for catalysis than the—also mutually equivalent—primary range. This is by no 
means incompatible with the adlineation aspect of catalytic and general activity which 
has been developed by Schwab, Pietsch, and their co-workers (Pietsch, Kotowski, and 
Berend, Z. phystkal. Chem., 1929, B, 5, 1; Schwab and Pietsch, Z. Elektrochem., 1929, 
35, 135; Schwab and Rudolph, Z. physikal. Chem., 1931, B, 12, 247); indeed, it may be 
regarded as a necessary accompaniment of adlineation effects. If adsorption or catalysis 
at, respectively, crystal corners, edges or faces is involved, in accordance: with the adline- 
ation view, investigations at still more advanced stages of adsorption should show the 
presence of a third linear portion, of still smaller slope—due to adsorption or catalysis by 
the crystal face—in graphs of the type reproduced in Fig. 4. Evidence of this has not 
yet been found, although the still smaller slope of the advanced portion of the relatively 
steep effective arsenic graph in Fig. 2, which has been indicated by the dotted line, may 
perhaps be viewed as some preliminary indication of this. Further, since the number of 
surface elements situated at crystal corners should be far less than that at crystal edges, 
and since the number of elements at crystal edges should, in turn, be far less than that 
of those situated in the normal surface layer of the crystal face, this disparity should, in 
spite of possible overlap, be reflected in the length of the corresponding ranges along the 
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poison concentration axis of Fig. 4, in which it will be seen that the first linear portion 
extends along this axis in each case to a far smaller length than the second portion. Light 
on this point should be obtained by studying the effect of sintering on the region of inflexion. 
An alternative aspect is obviously the participation, in adsorption or catalysis, of a second 
or even of more deeply seated lattice layers in the catalyst—or catalysis or adsorption on 
an already adsorbed layer—both of which cases would give a secondary range of, within 
themselves mutually equivalent, catalysing or adsorbing points. 


The authors acknowledge the receipt from the Colston Research Society of a grant for the 
provision of materials. 
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395. Isomeric Change in Certain Stilbenes. 


By T. W. J. TAyLor and (Miss) A. R. Murray. 


The stilbenes CHPh:CHPh, CCIPh:CHPh and CCIPh:CCIPh can each be obtained 
in their two geometrically isomeric forms, and the rates of change of the less stable of 
each pair into the equilibrium mixture of both have been measured in the liquid state 
at temperatures in the region of 200°. The results show that the heats of activation 
for the change, which must depend on the nature of the double bonds, are almost 
the same in all three compounds. This is unexpected, since the chlorine atoms in 
the last two are unreactive; hence there must be an interaction between the C—Cl and 
C—C links which would be expected to show itself in the behaviour of the double 
bond. Another unexpected result is that, although the rate of change of isostilbene 
into stilbene is extremely sensitive to the presence of traces of acid, yet with the 
two chlorinated compounds there is no acid catalysis whatever. Possible reasons for 
these phenomena are discussed. Observations on the catalysis of these changes by 
other agents are described. 


THE experiments now described deal with the rate of change in the liquid state of the 
less stable geometrical isomers of stilbene (CHPh:CHPh) and monochlorostilbene 
(CCIPh:CHPh) into the equilibrium mixture in which the more stable (trans) form largely 
predominates, and of the similar change with dichlorostilbene (CCIPh:CCIPh) where the 
equilibrium mixture contains 75% of the cis-compound. The object of the work was 
to establish the behaviour of these stilbenes in thermal isomeric change and towards cata- 
lysts, in order to contrast it with other cases of. geometrical isomers, and to explore the 
effect on the double bond of the substitution of chlorine for hydrogen; the reciprocal effect, 
that of the double bond on the chlorine atom, is shown in these compounds by the un- 
reactivity of the chlorine atoms. The only earlier observations of this kind are isolated 
statements as to the stability of isostilbene, the liquid cis-compound (Wislicenus, Zenér., 
1901, I, 463; Straus, Annalen, 1905, 342, 262), and the careful measurements of the rate 
of the gaseous reaction tsostilbene —-> stilbene at a series of temperatures by Kistiakowsky 
and Smith (J. Amer. Chem. Soc., 1934, 56, 638); the latter are discussed below. The effect 
of certain catalysts on the same reaction has been described and discussed by Kuhn 
(Solvay Report, 1931, p. 364). 
Stilbene. 


tsoStilbene can be obtained in quantity by the method of Taylor and Crawford (J., 1934, 
1130), and since it is a liquid at room temperature whereas stilbene melts at 124°, the com- 
position of stilbene-—sostilbene mixtures over a wide range of concentration can be deter- 
mined from their binary m. p. curve. Kistiakowsky and Smith (loc. cit.) have published 
this curve, but there must be some error, because their curve does not pass through the 
m. p. of pure stilbene; hence it has been redetermined. Preliminary experiments with 
various samples of isostilbene showed that the rate of change into stilbene is extremely 
sensitive to the presence of traces of acids; only by the most thorough washing of the 
ethereal solutions of the isostilbene with aqueous sodium carbonate can samples be 
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obtained which give consistent results. This purified tsostilbene is more stable than some of 
the observations recorded suggest; below 200° the rate of change into stilbene is very 
small, and at 214° only 7-9% has been transformed after 20 hours. This fact makes it 
difficult to measure the rate of change in the liquid state with high accuracy, because at these 
temperatures both stilbene and isostilbene decompose slowly and become brown, and 
the rate of decomposition increases rapidly with temperature. In order to minimise 
this decomposition, all the experiments described below, both with isostilbene and with 
the substituted stilbenes, were carried out in an atmosphere of nitrogen. The removal 
of air from the sealed tube containing the substance is of interest from another point 
of view. Kuhn (loc. cit.) has discussed the possibility that the efficiency of certain sub- 
stances such as bromine atoms, sodium atoms, and nitrogen peroxide as catalysts for 
this isomeric change is bound up with the fact that these substances are paramagnetic 
and for this reason are able to interact with the four electrons of the double bond. The 
oxygen molecule is paramagnetic and thus there is the possibility that it is a catalyst and 
that the rates of change measured in tubes containing air are not the true thermal rates. 
Tamamushi and Akiyama (Bull. Chem. Soc. Japan, 1937, 12, 382) claim to have found a 
slight increase in the rate of change of maleic into fumaric acid in the presence of oxygen, 
though Urushibara and Simamura (ibid., p. 507) found no such effect with methyl maleate 
or isostilbene. Our experiments with ‘tsostilbene, in which we have measured the rate 
of change both in an atmosphere of nitrogen and in one of oxygen, show that the rate 
is somewhat higher in the latter; but there is also more strongly marked decomposition, 
and when these tubes are opened, the contents are distinctly acidic, the acid presumably 
being formed by oxidation. Since, as is shown below, the change is catalysed even by 
acids as weak as benzoic acid, there seems little doubt that true catalysis by oxygen is 
not observably present, but that the increase in rate is due to the acid. 


The binary m. p. curve for mixtures of stilbene and isostilbene has been redetermined 
by Mr. W. C. J. Coughtrey. In every case stilbene was caused to separate from the liquid 
mixture by immersion in a freezing mixture; the large crystals formed on slow cooling can easily 
lead to too high a value for the clearing point. The mixture was illuminated with a screened 
beam of light in which the crystals showed clearly by reflexion; the clearing points were first 
observed to the nearest degree and then redetermined with very slow heating. When log 1/T 
is plotted against log (% stilbene), a curve is obtained which is straight over the greater part 
of the range, and this curve was used in subsequent analyses. 


Stilbene, %  ......... 100 92-4 783 578 400 284 151 7-0 4:3 
Clearing point ...... 124-0° 120-2° 113-5° 102-0° 88-0° 77-0° 58-7° 37-0° 27-2° 

The b. p. of isostilbene was found to be 134°/10 mm., in agreement with the earlier result, 
and not 145°/10 mm..as reported by Kistiakowsky and Smith (loc. cit.). 

Lengths of washed and steamed glass tubing were closed at one end, and the substance to 
be examined (about 0-1—0-5 g.) introduced either by a small pipette or, if a solid, as a pellet; 
the tube was then connected with a Hyvac pump and a supply of nitrogen which had been 
washed through two long towers of alkaline pyrogallol and dried. The tube was repeatedly 
exhausted and filled with the nitrogen and then sealed off. With oxygen in the tube there 
was much greater inconsistency between separate experiments than with nitrogen; typical 
results are given in the following table, which also contains results in nitrogen at the same 
temperature, 214°. The time is expressed in minutes. 








In oxygen. In nitrogen. 
Time.  Stilbene,%. Time. Stilbene, %. Time. _Stilbene, %. 
403 4-3 304 3-4 400 2-8 
560 5-6 460 4:3 600 4+] 
740 7-0 540 5-0 800 BA 
1084 9-8 700 6-2 1000 6-7 
1398 12-8 914 7-9 


The Position of Equilibrium.—To obtain the velocity constants of the rate of thermal 
change, the position of equilibrium at the temperatures used must be known. Kistiakowsky 
and Smith have pointed out that the variation of the equilibrium constant with tempera- 
6s 





2080 Taylor and Murray: Isomeric Change in Certain Stilbenes. 


ture is too small to be measured, and have determined its position in the gas phase at 
280—342°; starting with pure stilbene, they found the equilibrium mixture to contain 
6—8%, of isostilbene, but approaching the equilibrium from the other side, they found 
17—18%; the discrepancy they explained as due to the formation of a liquid rearrange- 
ment product in the latter case, which lowered the clearing point. Our preliminary experi- 
ments showed that it was hopeless to try to find the true equilibrium in the liquid state 
at 200—220° by maintaining a sample at this temperature for a long time because of 
the inevitable decomposition even in nitrogen; hence we have used the catalytic effect of 
benzoic acid to accelerate attainment of equilibrium, the clearing point curves for mixtures 
of stilbene, isostilbene, and known quantities of that acid having been determined (see 
below). At 200° from either isomer the same equilibrium mixture was obtained and it 
consisted of 96% of stilbene and 4% of isostilbene. This value was used in the subsequent 
calculations. 

The Rate of Thermal Change in Nitrogen.—Since one of the most important quantities 
to be measured is the heat of activation of the isomeric change, the temperatures at which 
the rate is measured should be as wide apart as possible. It was found, however, that 
much above 220° isostilbene decomposed too rapidly, turning brown and giving inconsistent 
results, while below 210° the slowness of the change meant long periods of heating and 
again decomposition. Hence we have only measured the rate of change with any accuracy 
at 214° and 223°, and this narrow range seriously limits the accuracy in the heat of activ- 
ation. The values of the velocity constants lead to a heat of activation for the isomeric 
change of 36,700 cals. per g.-mol., and the constant can be expressed at these temperatures 
by the equation k = 2-7 x 10? x e~36,700R7, The equation of Kistiakowsky and Smith 
for the rate of the gaseous reaction in the interval 280—342° is 


k=—6 x 1012 x e-42,800/RT 


and the difference between these equations is not so large as appears at first sight; there 
is also an uncertainty in that they used an equilibrium concentration of 84% stilbene 
as an arbitrary correction for the formation of the liquid by-product in the gas phase. 
It is clear that to a first approximation the reaction is of the same type in the liquid and 


in the gaseous phase. 


The percentages of stilbene found from the various experiments were plotted against time, 
and from the best curve drawn through these points the stilbene content at intervals of 200 
minutes was taken. Velocity constants were calculated from these values by the equation 
k = [1/t(1 + E)] log, 100/[100 — (1 + £)+], where ~« is the % of stilbene and E the equilibrium 
constant between stilbene and isostilbene. The results are shown in the following table, where 
¢ is given in mins. and & in terms of natural logarithms and sec.-). | 


Temp. 214°. Temp. 223°. 


Time. Stilbene,%. k x 10°. Time. Stilbene,%. k& x 10°. 
400 2-8 1-18 400 5-65 2-43 
600 4- 1-15 600 8-1 2-35 
800 5- 1-15 800 10-25 2-27 

1000 6- 1-15 1000 12-0 2-15 

l- 

5- 








2000 1-07 1200 13-7 2-05 
3000 0-92 
3400 6: 0-90 
The values of & fall with time, a result to be expected from the decomposition, since after 
1000—1200 mins., the contents of the tubes were no longer colourless, and decomposition 
products will lower the clearing points. For the heat of activation the velocity constant at 
214° and at 223° was taken as the mean up to 800 mins., i.e., 1-16 x 10-* and 2-32 x 10, 


Catalysis of the Rate of Change.—Addition of traces of basic compounds (piperidine, 
aniline, quinoline) to samples of isostilbene heated to 190° for various periods did not 
bring about any appreciable formation of stilbene. This result is in striking contrast to 
the effect of bases on the esters of maleic acid, which, as Clemo and Graham have shown 
(J., 1930, 213), are converted in a few seconds at room temperature into the esters of 
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fumaric acid by the addition of a trace of a primary or secondary base. This catalysis 
is clearly a function of the carboxyl groups attached to the doubly bound carbon atoms. 
The rate of isomeric change is, however, very sensitive to the presence of acidic substances, 
and it is sufficient to pass the nitrogen used in filling the tubes over a little hydrochloric 
acid in order to convert isostilbene into stilbene in 4 hours at 190°. In the method of 
preparation used, the isostilbene is extracted with ether from a solution containing excess 
of hydrochloric acid, and if this extract is not washed repeatedly with aqueous sodium 
carbonate, the rate of isomeric change is much higher although the amount of hydrochloric 
acid is too small to be determined by the ordinary methods. A series of measurements 
was made with such samples, but since the catalyst concentration is unknown, the results 
will not be given. Measurements of the rate at three different temperatures by Mr. W.C. J. 
Coughtrey with one sample indicate that the heat of activation has fallen to about 23,000 
cals. per g.-mol. Addition of benzoic acid in quantities of the order of 5—15% of the iso- 
stilbene also brings about a marked increase in the rate of change. 


It was hoped to measure the rate in presence of known amounts of benzoic acid, and for 
this purpose clearing point curves were constructed for ternary mixtures containing a constant 
fraction of the acid and varying amounts of the two isomers; the data are given below : 

Clearing points of mixtures of stilbene, isostilbene, and benzoic acid. 


15% Benzoic acid. 10% Benzoic acid. 








Stilbene, Clearing Stilbene, Cleari Stilbene, Clearing Stilbene, Clearing 
point. % point. %- point. %. point. 

53-4° 50 88-5° 41° 50 90-5° 
51-4 60 95 41 60 96 
49 70 100-5 49 70 102-5 
58 85 108-5 57-5 85 110 
71 100 115 72-5 100 117 
80-5 82-5 


It was found, however, that in the presence of benzoic acid the isomeric change in the region 
of 200° is accompanied by a side reaction in which small quantities of a colourless, insoluble 
compound are formed, and that in spite of the very small amount, the presence of this interferes 
with the clearing points to such an extent that accurate measurement of the velocity constant 
is impossible. The by-product could only be obtained in very small quantity; it melts at 247° 
and contains oxygen. If, instead of pure isostilbene, the starting material in the tube was a 
mixture of stilbene and isostilbene, it was possible after freezing out the solid phase to observe 
the temperature at which the last crystals of stilbene disappeared, disregarding the trace of 
by-product, and thus obtain an approximate analysis. The values of the velocity constants, 
however, fell rapidly with time because of the inaccuracy of the estimation and are useless for 
calculating the heat of activation of the reaction catalysed by benzoic acid. At 195° the velocity 
constant with 10% of the acid is of the order of 6 x 10° (log,; sec.-!) and with 15% of the acid 
9 x 10-*; hence it seems probable that the rate is proportional to the concentration of benzoic 
acid, and it is certain that the acid is a catalyst, the rates being 5—8 times as large as that of 
the uncatalysed reaction at a temperature 20° higher. 


Monochlorostilbene. 


The more stable isomer of monochlorostilbene was obtained by Sudborough (Ber., 
1892, 25, 2237; J., 1897, 71, 220) by the action of chlorides of phosphorus on deoxybenzoin 
and is called by him the B-isomer. Zinin (Annalen, 1869, 149, 375) has described an oily 
monochlorostilbene which Sudborough has suggested is essentially the geometrically 
isomeric form. Repetition of the earlier preparations gave products which were difficult 
to purify, but it was found that they could be prepared easily from the two diastereoisomeric 
stilbene dichlorides. The «-dichloride (m. p. 191-5°) with 4 equiv. of alcoholic potash gives 
an oil which does not solidify at — 20° and at lower temperatures becomes a glass; analysis 
shows this to be a monochlorostilbene, and following Sudborough it is called here the 
a-isomer. It resembles tsostilbene in being rapidly converted into the more stable isomer 
when it is exposed to sunlight in the presence of a trace of bromine or iodine. Since it 
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could not be obtained crystalline, there is no certainty that our preparation is completely 
free from the more stable isomer ; in any event the complete homogeneity of the compound 
is not of importance for the present purpose since a sufficient quantity was prepared so that 
the same sample was used in all the measurements described. That it is free from the 
8-compound is probable because the rate of thermal isomeric change is very small at all 
the temperatures used in the preparation and also because, unlike isostilbene, its isomeric 
change is not catalysed by acid. 

The monochlorostilbenes do not decompose so readily as the stilbenes in the range 
200—240°, and the position of equilibrium between them at these temperatures was found 
by keeping samples of both in sealed tubes until the clearing point was constant; the 
equilibrium mixture contains 2% of the «-isomer. The configurations of the isomers are 
unknown but presumably correspond to those. of the stilbenes, the more stable 8-isomer 
being the trans- and the less stable «-isomer the cis-compound. The rate of isomeric 
change of the «-compound into the equilibrium mixture was measured at 226° and 246° 
in an atmosphere of nitrogen.. The results give for the heat of activation a value of 
37,000 cals. and the velocity constant can be expressed by. the equation 


=14~x 1011 x e— 87,000/RT 


The most striking result with this compound and with the dichlorostilbenes is that the 
sensitivity of the rate of isomeric change to acids, so marked with isostilbene, seems to be 
entirely absent. This fact is not so easy to establish with mono- as with di-chlorostilbene 
because the low m. p.’s of the isomers in the former case give a binary m. p. curve which 
lies awkwardly low, but a series of experiments was carried out at 226° in which the nitrogen 
was bubbled through concentrated hydrochloric acid before admission to the tubes; the 
points obtained lay on the same curve as those for the change in pure nitrogen. 


Preparation.—Chlorine was passed into a solution of 40 g. of stilbene in 400 c.c. of chloro- 
form cooled in ice and kept in the dark, since light decreased the amount of «-dichloride formed. 
After 2 hours, 16 g. of the a-dichloride were collected and recrystallised from toluene, and from 
the filtrate 22 g. of the 8-dichloride were obtained and recrystallised from light petroleum. 
10 G. of the latter compound in 100 c.c. of quinoline were heated to 180—190° (oil-bath) for 
l hour; the mixture was cooled and poured into excess of dilute hydrochloric acid; extraction 
with ether gave a brown oil which solidified on cooling. This is the B-compound; it was re- 
crystallised from light petroleum in which it is very soluble, or better from aqueous alcohol; 
it formed colourless plates, m. p. 52° (cf. Pfeiffer, Ber., 1912, 45, 1817). 10 G. of a-stilbene 
dichloride were refluxed for 1 hour in 150 c.c. of alcohol with 2-4 g. of potassium hydroxide. 
The solution was then no longer alkaline, and was cooled and filtered; 1 g. of the dichloride 
was recovered. Excess of water was added, and ether extraction gave 7-2 g. of the oily a- 
isomer, which was distilled under reduced pressure; b. p. 160—162°/12 mm. (Found: Cl, 
16:7. Calc. for C,,4H,,Cl: Cl, 16-6%). Attempts to obtain the less stable isomer in quantity 
by illuminating 6-monochlorostilbene in a quartz vessel with a quartz mercury-vapour lamp 
were not successful. 

Since the m. p. of the B-isomer is 52°, all the clearing points of mixtures of the two isomers 
were low, and with less than 30% of the solid isomer were below 12°. Mixtures with less than 
50% of the solid isomer would not crystallise on cooling unless scratched, and consequently 
in some of the subsequent velocity experiments the sealed tube had to be opened; this meant 
that only one point on the time-—composition curve could be obtained from such a tube. 
Attempts to overcome the difficulty by converting the mixture into a ternary one with inert 
substances such as anthracene or dibenzyl were unsuccessful, because the solubility of the 
third substance in the two isomers is so similar that the difference in clearing points is too 
small to be of use. 


Clearing points of mixtures of a- and B-monochlorostilbene. 


B-Isomer, % 70-5 53-3 35-9 30-8 
Clearing point 42° 32° 18° 13° 


In the rate measurements the method and calculation were the same as those described above. 
The results with the «-compound as starting material were : 
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Temp. 226°. Temp. 246°. 

: rr A al ~, A , 
Time f-Isomer, k x 108 Time B-Isomer, k x 108 
(mins.). %. (loge; sec.-). (mins.). %.- (loge; sec.-*). 
‘ 240 14-5 1-09 100 24-3 4-62 
480 25-5 0-97 200 43 4-74 
| 720 34-5 0-99 300 54 4-41 
960 43-5 1-01 400 63-5 4-34 

1200 51 1-01 500 70 4-22 

Mean values taken: 226°, k.= 1-01 x 10-5; 246°, k = 4-46 x 10°. 







With hydrogen chloride introduced with the nitrogen only one point could be obtained from 
each tube because the tube had to be opened for a solid phase to separate; the results of one 
experiment were as follows : 


TOD TRIAS 0.0.0 cssdnressissssserioess 570 660 1140 1260 
RON, Fi nigivessiscossnscessoresens 34 35 54 59 y 


» /0 













The mean value of the velocity constant from these unsmoothed values is 1-1 x 10-5 as compared 
with 1-01 x 10° found at the same temperature with no hydrogen chloride. 







Dichlorostilbene. 





The. geometrically isomeric dichlorostilbenes are known and their configurations have 
been established by the measurements of electric moment by Bergmann (J., 1936, 402). 
The «-compound (m. p. 143°) has zero moment and is the trans-compound; the 8-compound 
has a moment of 2-69 D. and is therefore the cis-isomer. An equilibrium between the two 
isomers was observed by Blank (Amnalen, 1888, 248, 17), who found that interconversion 
to an equilibrium mixture took place when either isomer was distilled at 320°, but only 
very slowly below 200°, and by Eiloart (Amer. Chem. J., 1871, 12, 231); both workers 
determined the position of equilibrium by extracting the mixture with cold alcohol, in ( i 
which the «-compound is sparingly soluble, and found it to contain about 68% of the 
8-compound.' In our experiments the dichlorostilbenes were as stable to heat as the 
monochloro-compounds, and the equilibrium mixture could be obtained by heating either 
isomer until a constant clearing point was reached; the composition follows from the clear- . 
ing point curve which has been determined. The mean result was that in the region 
220—230° the equilibrium mixture contains 75% of the cis-8-isomer, so that here there is 
a complete reversal of the stabilities in the stilbenes and monochlorostilbenes, where the 
trans-isomer forms nearly all of the equilibrium mixture. A similar behaviour is known 
in the dichloroethylenes and the chloroiodoethylenes, where at equilibrium there is 80% 
and 82-5% of the cis-isomer respectively (Chavanne, Bull. Soc. chim. Belg., 1912, 26, 287; 
Stuart, Physikal. Z., 1931, 32, 793; Van de Walle and Henne, Acad. Roy. Belg., 1925, 
11, 360); it is due to the attractive (London) forces between the two halogen atoms which 
overcome the normal steric repulsive forces between the phenyl groups. The rates of 
change of the two isomers into the equilibrium mixture were measured by methods similar 
to those described above. In the temperature range 175—200° the heat of activation 
was found to be 34,000 cals. per g.-mol., and the velocity constant can be expressed as 
k—9-9 x 10% x e-34,100/R7, 

As with monochlorostilbene, no indication whatever of catalysis of the isomeric change 
by the addition of acids could be observed. This surprising result. was confirmed by 
experiments in which hydrogen chloride was introduced ‘into the tube as a gas and also 
in mixtures containing 25% by weight of benzoic acid, the rate being followed by means of 
the ternary clearing point curve with benzoic acid. The velocity constants obtained, 
together with those in the absence of any acid, are shown below and stand in marked con- 
trast to the results with ssostilbene. 




























Velocity constants (log,; sec.-1) for the change «-dichlorostilbene —> equilibrium mixture. 






175°. 196°. 
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The two dichlorostilbenes were prepared by the pyrogenic decomposition of benzylidene 
chloride (Léb, Z. Elektrochem., 1901, 7, 903; 1903, 9, 906) and also by treating tolan tetra- 
chloride with zinc (Blank, Joc. cit.) ; both methods gave a mixture of isomers which was separated 
with cold alcohol. The «a-compound, recrystallised from alcohol, melted at 143°; the B-com- 
pound does not show a sharp m. p., and after repeated recrystallisation from light petroleum, 
ethyl or methyl alcohol, melted over the range 61—64°; this is in agreement with Stelling (Z. 
physikal. Chem., 1934, B, 24, 407). The clearing point curves used in the velocity experiments 
were constructed from the following data. 


Binary mixtures of a- and 8-dichlorostilbene. 


a-Compound, % _......... 0 2-5 5-6 7-6 10-0 15-1 20-0 24-2 
Clearing point ............ 64° 63-5° iy 75° 78-5° 85° 93° 97-5° 
a-Compound, % _.......++- 25 39-4 50-9 57°3 66-9 79-7 92-9 
Clearing point’ ............ 97° 110° 118° 1225° 129° 135° 141° 


Ternary mixtures: a- and §-dichlorostilbenes +- 25% of their weight of benzoic acid. 


B-Compound, %_......... ’ 6-02 9-92 14:98 20-07 24-84 29-94 
Clearing point ............ 130° 128° 125-5° 123° 120-5° =: 118-5° 


The velocity constants were obtained from smoothed curves derived from several experiments 
and calculated as above; for the rate of change of the «-isomer into the equilibrium mixture the 
following results were obtained : . 








Temp. 175°. Temp. 196°. 

“Time B-Isomer, kx 10¢ " Time B-Isomer, k x 105 7 
(mins.). %. (log.; sec.—). (mins.). %. (loge; sec.4). 

100 1-8 3-03 50 4-6 1-57 

200 3°5 2-98 100 9-0 1-58 

300 5-25 3-02 150 13-2 1-62 

400 6-8 2-97 200 17-3 1-64 

500 8-45 2-97 250 21-0 1-64 


The rate of change of the 8-compound into the equilibrium mixture was also measured, but 
because the 8-compound forms the greater part of that mixture, the change in composition 
is smaller and slower, and it was more difficult to obtain satisfactory results. The values ob- 
served were in the range 4-6—6-1 x 10-* at 196°, whereas that predicted from the rate of change 
of the a-compound and the equilibrium constant is 4:8 x 10+. 

In the presence of 25% of benzoic acid the velocity constants for the change of the a-com- 
pound tend to fall with time, and the values given above are taken from the initial stages of 
the change. This effect may be due to the same phenomenon which was observed with iso- 
stilbene. The data obtained were: 








Temp. 175°. Temp. 196°. 
Time (mins.). f-Isomer,%. k xX 10°. Time (mins.). f-Isomer,%. & X 105. 

100 1-9 3-30 100 9-4 1-67 
200 3-0 2-55 150 13-0 1-59 
300 4-0 2-28 200 16-4 1-54 
400 5-0 2-15 250 18-7 1-43 

300 22-2 1-46 

350 25-0 1-45 


In the experiments with hydrogen chloride, this was introduced with the nitrogen as described 
above, and the tube sealed. The depression of the clearing point of the pure «-dichlorostilbene 
before heating was 1-5°, and the assumption was made that the clearing points of all the mixtures 
would be lowered by this amount; this cannot be far from the truth, since the heat of fusion 
of the isomers will be almost the same. The rate of change so measured gave the following 
results at 196°: 


Zia CRD. acsccacccsatnnticcasian 50 100 150 200 300 
DEMIR, Fed dccdscssiccinsscsvecess 4-9 8-8 12-5 15-9 21-6 
BS BO Bess BOGS) nc ccccssevscecs 1-68 1-56 1-53 1-53 1-41 


Many unsuccessful attempts were made to obtain both isomeric forms of ethylstilbene and 
of dietbylstilbene. 
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DISCUSSION. 


The two most interesting points that emerge from these experiments are that the 
heat of activation of the isomeric change is very little affected by the replacement of 
hydrogen attached to the doubly bound carbon atoms by chlorine, and that this replace- 
ment, even of only one hydrogen atom, causes the acid catalysis of the change to disappear. 
The heats of activation are summarised below. 


Heat of activation, cals./g.-mol. 


I dic iicadiiten en sibtanndanicninnieiibebeninic 36,700 
ert nan 37,000 
BI scennovks pincabenetsbdandeaetccendte 34,100 


At first sight it would be expected that the replacement would produce a large reduction 
in the heat of activation. The chlorine atoms in the chlorinated compounds are un- 
reactive; for instance, Limpricht and Schwanert (Ber., 1871, 4, 379) found that dichloro- 
stilbene is unchanged by heating with silver acetate to 200°. The accepted explanation 
of this vinyl chloride type of unreactivity is that, because the chlorine atom has unshared 
electrons, in addition to the structure that is normally written (I), another structure (IT) 
is possible in which carbon and chlorine are united by a four-electron bond and carbon and 
carbon by a two-electron bond; two structures being possible, the actual state is inter- 
mediate between them and the actual formula is a hybrid of (I) and (II). There is definite 


Cl “ca; yy 3 
(I.) YC=ege or >C:CX’ (I) C<CK oor Ee 

evidence in support of this view in the lengths of the carbon-chlorine links; in normal 
compounds such as methyl chloride and chloroform it is 1-77 A., but in chloroethylene it 
has shortened to 1-69 A., and in chlorobenzene, which presents a similar problem, to 1-70 a. 
(for references see Brockway and Taylor, Ann. Reports, 1937, 34, 205 et seq.). This shorten- 
ing is a measure of the extent to which double-bond character is entering into the carbon- 
chlorine link. Such an effect, however, should have the converse consequence in the carbon— 
carbon double bond ; instead of being a true double bond, it should have an element of single 
bond in it. This change in its nature would be expected to manifest itself in the heats 
of activation measured in these experiments; the torsional rigidity might be reduced 
and hence less energy be needed to overcome the resistance to change of configuration. 
The unexpected result that there is no reduction in the heat of activation is probably due 
to the following considerations: Pauling and Brockway (J. Amer. Chem. Soc., 1937, 59, 
235) have calculated from a theoretical basis the bond character of a certain number of 
bonds intermediate between true double and single bonds and have plotted their results 
against the lengths of the bonds accurately determined from X-ray and electron-diffraction 
measurements. The curves so obtained are concave towards the axis on which the lengths 
are plotted; in other words, if a single bond alters to a state in which it has 25% of double- 
bond character, its length is changed much more than is the length of a double bond which 
is altered so that it has 25% of single-bond character. If the length of the bond is taken 
as a rough measure of its general characteristics, this would predict that, in the above 
example, the resonance between the various states will produce a much greater change in 
the nature of the single carbon-chlorine link than in that of the double ¢arbon-carbon 
link. This conclusion is in agreement with our results, viz., an unreactive chlorine atom, 
but an unaltered heat of activation of the double bond. There are, unfortunately, no 
accurate measurements of the length of the double bond in ethylene and the chloroethylenes, 
but it is perhaps significant that Brockway, Beach, and Pauling (ibid., 1935, 57, 2693) 
could interpret satisfactorily their electron diffraction results with a model in which the 
length of this bond is unaffected by the introduction of chlorine atoms. Other evidence 
pointing in the same direction is the recent calculation of the force constant of the C:C 
link in ethylene and tetrachloroethylene from the Raman spectra of these compounds. 
Duchesne (Nature, 1938, 142, 256) finds that the substitution of four chlorine atoms in 
the place of hydrogen has no appreciable effect on the value of this constant. 
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It will be noticed from the equations for the velocity constants given above that intro- 
duction of one chlorine atom increases the value of the temperature-independent factor in 
the equation, but that there is no further increase with a second chlorine atom. This factor 
is, however, so complicated in its origin that discussion of this result is pointless. 

The disappearance of acid catalysis when one chlorine atom is introduced is also entirely 
unexpected and more difficult to explain. In the parallel case of catalysis by hydrogen 
chloride of isomeric change in the system >C:N: it has been shown (Taylor and Roberts, 
J., 1933, 1439) that the catalyst is the undissociated molecule of acid, and in the present 
case the conditions under which the reaction proceeds also point to the undissociated 
molecule; hence there seems to be a direct interaction between the molecule of hydrogen 
chloride and the four electrons of the carbon-carbon link in isostilbene, which brings 
about a decrease in the torsional rigidity of that bond and hence increases the rate of change. 
This view is supported by the estimates of the heat of activation in the presence of acids. 
The disappearance of the catalysis with the chlorinated compounds must then mean that 
this interaction does not take place, and for this there might be three reasons; it might be 
a true steric effect, it might be because the double bond is of an entirely different nature in 
the chlorinated compounds, or it might be because the hydrogen chloride is interacting 
preferentially with something other than the double bond. Our failure to obtain other 
suitably substituted stilbenes in the required less stable isomeric form makes it difficult 
to decide between these alternatives with any certainty. The first two are, however, 
unlikely. With the oximes, acid catalysis is found both in aldoximes and ketoximes, and 
the introduction of quite large groups in place of hydrogen in the system RCH:NX does not 
suppress acid catalysis. Secondly, the values for the heats of activation show that the 
double bond in isostilbene is not widely different in nature from those in the chlorinated 
compounds, so that the second alternative is improbable. This leaves the third, and it 
may well be that the catalysis disappears because the molecule of catalyst interacts, not 
with the electrons of the double bond, but preferentially with the unshared electrons of 
the chlorine atom or atoms. 

Note on the Effect of Hydrogen Bromide on «-Dichlorostilbene in Air and Light.—Kharasch 
(J. Amer. Chem. Soc., 1937, 59, 1155) in his studies of the effect of a small amount of oxygen 
on the addition reactions of hydrogen bromide has observed that isostilbene is converted 
into stilbene at room temperature by hydrogen bromide if oxygen or air is present and if 
the mixture is exposed to light. He finds that addition of anti-oxidants stops the isomeric 
change and that there is no similar effect with hydrogen chloride; he suggests that the 
mechanism is oxidation of the hydrogen bromide to bromine which, as is well known, 
is a very efficient catalyst, even in the smallest quantity, for this isomeric change when 
it is dissociated into atoms by light. The ineffectiveness of hydrogen chloride he attributes 
to the greater difficulty of oxidising this compound to chlorine. It seemed of interest 
to repeat these observations with «-dichlorostilbene, since with this compound there is no 
acid catalysis under any conditions, so that the possibility of confusion is reduced. A 
series of qualitative experiments was carried out which confirmed Kharasch’s findings in 
this new case. Kharasch’s view of the mechanism seems satisfactory. 
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396. The Constitution of Complex Metallic Salis. Part IX. The Oxalate 
Radical as a “ Bridging Group” between Metallic Atoms. The 
Structure and Reactions of Dichlorobistri-n-butylphosphine-p-oxalato- 


dipalladium. 
By JosEpH CHATT, FREDERICK G. MANN, and ALEXANDER F. WELLS. 


The palladium atoms in the dichloro-oxalate compound [(Bu,P),Pd,Cl,C,O,], pre- 
pared by the action of potassium oxalate on the tetrachloride {(Bu,P),Pd,Cl,], have 
previously been considered to be bridged by the chlorine atoms, the oxalate radical 
occupying the unbridged position, i.e., [(Bu,P),PdCl,PdC,O,]. In this case the Pd—Pd 
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distance should be ca. 3-4.a. If, on the other hand, the palladium atoms were bridged 
by the oxalate radical, as in [(Bu,P(Cl)PdC,0,Pd(Cl)PBu,], this distance should be 
ca. 5-3 a. By X-ray analysis the Pd—Pd distance has been determined as 5-48 A., 
and hence in compounds of this type the oxalate radical does bridge the metallic 
atoms. The chemical reactions of the dichloro-oxalate are described, and discussed 
on the basis of this constitution. 


A CONSIDERABLE volume of evidence has been adduced by Mann and Purdie (J., 1936, 
873) to show that dichlorobistri-n-butylphosphine-p-dichlorodipalladium, [(BugP),Pd,Cl4], 
although existing in only one crystalline form, gives in organic solvents a tautomeric 
mixture of the unsymmetrical (I a) and the cis- and ¢rans-symmetrical (I B and I c) isomer- 
ides. A crystallographic examination of the corresponding trimethylarsinepalladium 


Bu,P. Ak Al Bu,P: l PBs BuPL A, Al ) 
KK wo mY 
Bu,P7 \ci7 Nc lL a/Xc~Na c/ Nc \ PB, | 
(I a.) (I B.) (I c.) 


chloride and bromide compounds, [(Me,As),Pd,X,], then showed that these compounds 
in the solid state have the ¢rans-symmetric structure (II), and the interatomic distances 
and the intervalency angles were determined in detail (Mann and Wells, this vol., p. 702; 
Wells, Proc. Roy. Soc., 1938, A, 167, 169). 

One point cited by Mann and Purdie in favour of the unsymmetrical structure (I 4) 
of the butylphosphinetetrachloro-compound was that it reacted with potassium oxalate 
to give a dichloro-oxalate, [(Bu,P),Pd,Cl,C,0,]. Now, in complex salts, the oxalate 


Me,As LN Cl Bu,P. Cl fP +0 
(it.) Ver) My ane | (III.) 
ci NE Nase, Bu,P7 \cl7 \o—c:0 


~ Pd—Pd distance = 3-4 A. 


radical had always apparently occupied the cis-position by the normal operation of two 
covalent links, and had indeed been proved to do so in oxalatodiamminopalladium, 
[(NH3),PdC,0,] (Mann, Crowfoot, Gattiker, and Wooster, J., 1935, 1642). Hence it 
appeared: that in the dichloro-oxalate this radical must be similarly attached, and that 
the compound must therefore have the unsymmetrical structure (III). This conclusion 
received apparently strong confirmation by the action of ««’-dipyridyl, which split the di- 
chloro-oxalate thus : 


[(BusP),PdCI,|PdC,0,] + dpy = [(BusP),PdCl,] + [dpy PdC,0,] - (1) 


The dinitrito-oxalate [(Bu;P),Pd,(NO,),C,0,] was similarly prepared from the tetranitrite, 
and was split by dipyridyl into [(Bu,P),Pd(NO,),] and [dpy PdC,0,], and hence appeared 
to have the analogous structure [(Bu,P),Pd(NO,),PdC,0,]. 

The dipole moment of the dichloro-oxalate in benzene solution was found by Finn, 
however, to be 3-55 p., whereas the structure (III) should have a value of about 12—14 p. 
Hence, Finn suggested that in this compound the oxalate group bridged the palladium 
atoms, and thus that a tautomeric mixture of three forms (IV A, B, and Cc) again existed 


Bu,P ] P. O PB 
"Kw YK ae ae ie 
C 
Bu,P7\>/~ No7\c1 CA N\oF No’ Nel 
in organic solvents. A similar bridging action of the oxalate radical had been ascribed, 


without experimental evidence, by Weinland (‘‘ Komplex-Verbindungen,” 1924, 2nd 
Edtn., p. 410) to the compounds Pb,C,0,(C10,),,3H,O (V) and Pb,C,0,(NO,).,2H,O, 


(IV a.) (IV B.) 
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but otherwise the suggestion that one oxalate radical could link two metallic atoms by the 
operation of four co-valencies was novel. 


m. Bu,P y" be Orne om m oe (C10,)»,3H,O  (V.) 
a x oa \o”% in, 


Finn’s formulation allows resonance to occur around the oxalate rings of the 
symmetric forms (IVB and C) of the dichloro-oxalate, and the stability of these two forms 
should thus be increased. 

We have therefore obtained further physical and chemical evidence for the structure 
of the dichloro-oxalate. The physical evidence—by X-ray crystal analysis—proves that 
Finn’s formulation is correct: the new chemical evidence, although less decisive, also 
supports this formulation. 

It is known from the dimensions of the molecule of the methylarsinetetrachloro- 
compound (II) that the palladium atoms bridged by two chlorine atoms are ca. 3-4 A. 
apart, and there is no reason to suppose that the replacement of the arsine by phosphine 
molecules would sensibly affect this distance. If, however, an oxaJate radical bridged 
the two palladium atoms (as in IV A—c), an inter-palladium distance of ca. 5-3 a. would 
be expected. An X-ray examination of the monoclinic crystals of the dichloro-oxalate 
shows that the Pd—Pd distance is ca. 5-48 A., and these metallic atoms must therefore 
be linked through the oxalate radical and not through two chlorine atoms. Moreover, 
since there are two molecules per cell in the crystal, and the space-group is probably 
P2,/c (see later), the molecules will have a centre of symmetry and thus possess the 
constitution (IV c). 

On the chemical side it is noteworthy that the dichloro-oxalate, when treated with 
2 mols. of #-toluidine at room temperature, breaks down to furnish 1 mol. of oxalato-n- 
butylphosphine-p-tolutdinepalladium (VI) and one of dichloro-butylphosphine--toluidine- 
palladium (VII) [Equation (2), in which B represents one mol. of the organic base]. This 
reaction is extremely difficult to interpret on the basis of formula (III). It is, however, 


- Bu,P J Cl Bu,P. ,O—C:0 Bu,P. _l- 
6 ae Ones a 


CO Noo, | B7No—c:0 ci\p 
(IV c.) (VI.) (VII.) 


readily explained on the basis of formula (IV c), since the base would probably first break 
two links of the oxalate radical, giving the unstable complex (VIII A) : free rotation about 
the C-C link of the oxalate radical is now possible, and the complex (VIII A) can thus 
assume the form (VIII B).* The strong tendency of the oxalate radical to adopt the very 
stable cis-chelating position on to one metallic atom now causes splitting of the molecule 


Bu,P.: 
u.P FN” N 
i \ ng yo ty pa” \c=0 
| a to ONo a “N PBu, hid 


\ 


—> (VI) + (VII) 


(VIII a.) , : (VIII B.) 


(as shown by the dotted line) and the consequent formation of the oxalato- and the di- 
chloro-compound, (VI) and (VII). It may be objected that the very ready interchange 
of groups—both bridged and unbridged—in these dipalladium compounds (cf. Chatt 


* In considering the mechanism of such reactions, the ready interconversion of cis—trans-isomerides 
of 4-covalent palladium, when no chelate group is involved, must always be borne in mind “Mann, 
Crowfoot, Gattiker, and Wooster, Joc. cit.). 
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and Mann, this vol., p. 1949) renders any precise formulation of the mechanism of their 
reactions meaningless. It must be borne in mind, however, that this interchange of 
groups, in spite of its ready occurrence, must be severely controlled by specific factors. 
This is clearly shown by the fact that the butylphosphinetetrachloro-compound (I, a—c), 
similarly treated with #-toluidine, reacts as in equation (3), a very soluble compound 
being the sole product; if, however, the constituent groups were entirely free for mutual 


[Bu,P(Cl)PdCl,Pd(Cl)PBu,] + 2B = 2[Bu,P(B)PdCl,] . . . (3) 


rearrangement, the dichlorobisphosphinepalladium, [(Bu,P),PdCl,], and the dichloro- 
bis-p-toluidinepalladium, [B,PdCl,], would preferentially be produced, since the latter is 
almost insoluble in the usual organic solvents (Gutbier, Ber., 1905, 38, 2110). 

When the dichloro-oxalate is treated with 2 mols. of ethylthiol, oxalic acid is split off and 
dichlorobisbutylphosphine-y-bisethylthioldipalladium is formed (4). In view of the vigorous 


[Bu,P(Cl)PdC,0,Pd(Cl) PBu,] + 2EtSH = [Bu,P(Cl)Pd(SEt),Pd(Cl)PBug] -++ (COOH), . (4) 


bridging properties of the EtS radical (Chatt and Mann, Joc. cit.) and the several reactions 
previously investigated in which the bridging groups have been shown to be preferentially 
displaced by other radicals, this action of the ethylthiol is not unexpected. An intermedi- 
ate phase probably occurs here also, in which two covalent bonds joining the oxalate radical 
to the palladium atoms are severed by the thiol residues, followed by complete ejection of 
oxalic acid and the formation of the very stable bisethylthiol derivative. 

It is clear, however, from the above results that the action of ««’-dipyridyl on bridged 
dipalladium compounds cannot be the simple “ vertical splitting ’’ shown in equation 
(1). It is probable that the action of dipyridyl on the tetrachloride, hitherto formulated 
in accordance with equation (5), consists actually of the fission of the ring in the symmetric 


[(Bu,P),PCl,|PdCl,] + dpy = [(Bu,P),PdCl,] + [dpy PdCl,] . . (8) 


form (I B or I c) by the co-ordination of the dipyridyl, producing the complex (IX): the 
strong cis-co-ordinating properties of the dipyridyl then cause the fission indicated by the 





— Bu.P. : 
~ Bu,P. l e.<4 P l wt 
(Ic.) Pd Pd + dpy = Pd </- dpy —> Pd (IX.) 
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dotted line, with formation of the two dichloro-compounds shown in equation (5). The 
action of dipyridyl, irrespective of its mechanism, can no longer, however, be cited as 
evidence of unsymmetrical structures such as (I A) and (III). It should be emphasised, 
however, that nevertheless there still remains a considerable volume of other evidence in 
support of the existence of the unsymmetric form of bridged dipalladium compounds 
in solution (Mann and Purdie, loc. cit.). 

We have attempted to prepare the dichloro-oxalate (IV) by the interaction of oxalato- 
bis-n-butylphosphinepalladium, [(Bu,P),PdC,0,], and ammonium palladochloride. The 
final product was, however, the tetrachloro-compound (I). The reaction consists first in 
a simple double decomposition forming the butylphosphinedichloro-compound and am- 
monium palladodichloro-oxalate, followed by the interaction of these two compounds 
to give the bridged tetrachloro-compound and ammonium oxalate : 


[(Bu,P),PdC,0,] + (NH,).[PdCl,] = [(Bu,P),PdCl,] + (NH,).[PdCl,C,0,] 
[(Bu,P),PdCl,] + (NH,)[PdCl,C,0,] = [(BugP),Pd,Cl,] + (NH,),C,0, 


This mechanism is confirmed by (i) the isolation of [(Bu,P),PdCl,] when the reaction 
was arrested before completion, and (ii) by the production of small quantities of dichloro- 
diamminopalladium, [(NH,),PdCl,], and oxalic acid by the decomposition of a portion of 
the ammonium palladodichloro-oxalate. When calcium palladochloride was used, the 
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butylphosphinetetrachloro-compound was formed very readily, owing to the insolubility 
of the calcium oxalate. 

All the bridged palladium compounds discussed in the present series of investigations 
have consisted of neutral non-ionic molecules. It is clear, however, that a bridged palladium 
structure may possibly occur in an anion or a cation. For instance, Gutbier and Fellner 
(Z. anorg. Chem., 1916, 95, 169) have described a number of salts of amine hydrochlorides 
with palladous dichloride, to which they assigned the general formula B,H[PdCl,]. It 
is very unlikely that the anion in these compounds contains 3-covalent palladium. It 
is almost certain that these compounds have the “ double’ formula (BH),[Pd,Cl,] and 


-) a: a: i ae Se: ee 
(x. (BH), A d rani 84 4 MG (XI.) 
cc’ Nc RUAN ANG ANG TA 


the structure (X), in which the anion contains two palladium atoms, bridged through 
chlorine atoms. This bridged formulation is strongly supported by the structure of 
palladium dichloride, which has been shown by one of us (Wells, Z. Krist., 1938, 100, 189) 
to consist of long chains of palladium atoms bridged through chlorine atoms as in (XI) : 
here it is probably the deficiency of electrons on the terminal palladium atoms that causes 
the production of the chains of indefinite length proceeding throughout the crystals. In 
Gutbier and Fellner’s compounds this deficiency of electrons does not occur, and the 
chain is thus limited to two palladium atoms. It is noteworthy that the intervalency 
angle between palladium and two adjacent chlorine atoms in the 4-membered ring of 
palladium chloride is 87°: the analogous angle in the bridged trimethylarsine compound 
(II) is 86°, and the identity of the two types of ring is thus strongly confirmed. The 
structure of the compounds (X) is now being investigated. 


EXPERIMENTAL. 


Crystallographic Data. 


The dichloro-oxalate, [(Bu,P),Pd,Cl,C,0,], forms yellow monoclinic crystals, usually flat 
plates (010) elongated along the ¢ axis. The crystals are pleochroic, the light transmitted 
varying from pale to deep yellow. Oscillation and Weissenberg photographs (Cu-K,) 
gave the following cell dimensions: a = 9-95, b = 23-0, c = 7:98 a., B = 83°, all + 3%. 
The density was not determined since that of [(Bu,P),Pd,Cl,] is known to be 1-43 g./c.c. (Mann 
and Purdie, loc. cit.). For 2 molecules of [(Bu,P),Pd,Cl,C,O,] in the above cell the calculated 
density is 1-42 g./c.c. The orders 020 are halved and AOQ/ is absent for J odd except for a 
trace of the reflexion 10]. This reflexion was observed both on a [010] Weissenberg photograph 
and on an oscillation photograph about [001] taken with monocbromatic Cu-K, radiation 
and hence must be regarded as a genuine reflexion. Since, however, it is extremely weak 
and is the only reflexion 40] with / odd observed, the space group is effectively P 2,/c. There 
is no sign of pyroelectricity when the crystals are tested in liquid air. 

The placing of 2 molecules in the space group P 2,/c would imply that the molecules are 
centro-symmetrical and would immediately establish the constitution of the molecule as 
(IVc). Since, however, it may be objected that the presence of 10] invalidates this argument, 
the approximate positions of the palladium atoms were established by direct methods involving 
no assumptions as to the space group. If these atoms are bridged by two chlorine atoms, then 
the Pd-Pd separation within the molecule will be approximately 3-4 a.; if by an oxalate group, 
it will be ca. 5-3.a. From the intensities of hkO and Of/ reflexions estimated visually on Weissen- 
berg photographs about [001] and [100] respectively, F?-projections along these axes were made. 
Since palladium is by far the heaviest atom in the molecule, it is possible to distinguish the 
Pd-Pd peaks in these projections and to determine the approximate positions of the palladium 
atoms in the unit cell. It is found that they are at: xyz; xyz; %, s$+%,4-—2; *%4-y, 
$ + z with the approximate parameters = 1/10, y = 1/10 and z = 1/8. The intramolecular 
Pd-Pd separation calculated from these parameters is 5-48 a., proving conclusively that these 
metallic atoms are bridged by an oxalate radical (as in IV a—c) and not by two chlorine atoms. 

The above arrangement of the palladium atoms, determined without making any assump- 
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tions regarding the space group, has the symmetry of P 2,/c. There are two possible explan- 
ations of the presence of the reflexion 10]. 

(1) The true space group is P 2,, with P 2,/c as the pseudo-space group. For the molecule 
(IV c) we should have to assume some slight distortion which destroys the centro-symmetry. 
The molecule might, however, be (IV A) or (IV 8B), the pseudo-symmetry being due to the 
similarity in scattering power of the phosphorus and the chlorine atoms. : 

(2) The true space group is P 2,/c, and the reflexion 101 is not a primary reflexion but 
is due to X-rays which have been reflected successively by two planes in the crystal. This 
phenomenon has been discussed by Renninger (Z. Physik, 1937, 106, 141) and by Branden- 
— (Z. Krist., 1937, 97, 476) and probably explains the presence of the ‘‘ forbidden ”’ reflexion 
101. 





hkl. Fra: PF’ aes hkl. Fra: PF’ dns hkl. Fra: F' das hkl. Fra: FP anc 
100 3-2 50 290 2-2 20 510 0 —- 011 2-3 13 
200 1-2 7 2100 1-2 7 520 1-2 -- 021 2-7 40 
300 1-2 _- 310 2-2 22 530 0 = 031 0-8 — 
400 3-2 27 320 0-4 16 540 3-2 16 041 1-6 oe 
500 4-0 21 330 3-6 24 550 0 ~- 051 2-8 -- 
340 1-0 21 560 3-2 1l 012 2-4 26 
110 1-4 30 350 0 5 570 0 = 022 0 — 
120 1-0 15 360 1-0 + 580 1-2 -— 032 3-8 24 
130 2-2 31 370 3-6 14 590 0 oon 042 0 — 
140 3-6 29 380 0-4 — 5100 4-0 ll 052 0 — 
150 0 8 390 1-2 12 013 2-2 11 
160 2-6 21 3100 1-2 5 020 1-2 64 023 2-7 16 
170 2-2 7 410 1-4 5 040 3-2 33 033 0-8 7 
180 1-0 _— 420 1-0 — 060 3-2 oo 043 16 5 
190 1-4 10 430 2-2 —_— 080 1-2 —- 053 2°8 13 
1100 3-2 29 440 2-6 20 0100 4-0 35 014 0 a 
210 2-2 40 450 0 — 024 1-2 15 
220 0-4 7 460 2-6 5 001 0 — 034 0 “= 
230 3-6 32 470 2-2 — 002 0 a 044 3-2 18 
240 1-0 _— 480 1-0 — 003 0 — 054 0 _— 
250 0 — 490 1-4 7 004 4:0 30 015 2-3 12 
260 1-0 — 4100 3-2 22 005 0 —— 025 2-7 10 
270 3-2 25 035 0-8 —_ 
280 0-4 — 045 1:8 —_ 
055 2°8 15 


In the accompanying table the contributions from the four palladium atoms towards a 
number of reflexions are compared with the observed structure factors (on an arbitrary scale). 
Complete agreement, particularly for low orders, is not to be expected since all other atoms 
have been neglected, but it will be seen that the above palladium parameters account satisfac- 
torily for many of the major intensity differences. 


Chemical Data. 


Mann and Purdie’s preparation of the dichloro-oxalate (IV) (loc. cit.) is greatly improved 
by the following modifications. A solution of potassium oxalate (30 g.) in water (240 c.c.) 
was added to one of the butylphosphinetetrachloro-compound (I; 12 g.) in boiling alcohol 
(60 c.c.), and the mixture immediately heated on a water-bath with occasional shaking. The 
tetrachloro-compound which had been precipitated by the aqueous solution slowly redissolved, 
and fine crystals of the dichloro-oxalate separated; after 30 minutes’ heating, the solution 
was rapidly cooled in ice. (The time of heating is important, since reduction to metallic palla- 
dium begins to occur after about 35 minutes’ heating.) The dichloro-oxalate which separated 
during the cooling was collected, washed with alcohol and water, dried, and recrystallised 
from benzene (charcoal). Yield, 7 g. Well-formed crystals for X-ray investigation were 
obtained by spontaneous evaporation of a solution in carbon tetrachloride. 

Reactions of the Dichloro-oxalate (IV).—(1) With p-toluidine. Solutions of the dichloro- 
oxalate (4 g.) and of p-toluidine (1-1 g.; 2 mols.) in benzene (80 c.c. and 20 c.c respectively) 
were mixed, an immediate change of colour occurring. The greenish-yellow solid which slowly 
separated was collected after 24 hours, and recrystallised from ethyl carbonate, from which it 
separated at first as a gel, and therefore required continuous stirring during cooling. The 
oxalato-n-butylphosphine-p-toluidinepalladium was thus obtained as a pale greenish-yellow 
microcrystalline powder, which decomposed at 177° (Found: C, 50-3; H, 7-4; N, 2-7; Pd, 
21-4. C,,H;,0,NPPd requires C, 50-0; H, 7-2; N, 2-8; Pd, 21-1%). The benzene filtrate 
on spontaneous evaporation gave dichlorobutylphosphine-f-toluidinepalladium, which after 
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recrystallisation from methyl alcohol had m. p. 78—79°, both alone and when mixed with 
an authentic specimen. 

The identity of the above oxalato-compound was further confirmed by boiling a suspension 
of it in dilute hydrochloric acid under reflux for 1} hours, decomposition occurring with the 
formation of the tetrachloro-compound (I). The latter, when collected, and recrystallised 
from cyclohexane, had m. p. 145° (alone and mixed). The hydrochloric acid solution gave positive 
tests for p-toluidine and oxalic acid. 

There is some evidence that the crystals of the above oxalato-compound can occlude certain 
organic solvents, presumably in the spaces between the oxalate molecules in the crystal, a 
phenomenon that was discovered for the inclusion of dioxan molecules in the crystals of 
[(Me,As),Pd,Cl,] and [(Me,As),Pd,Br,] (Mann and Wells, Joc. cit.). For instance, the oxalato- 
compound which separated from the above benzene solution, when dried and analysed directly, 
always gave high and variable values for carbon, and low values for palladium (e.g., C, 52-8, 
52-4; H, 7-6, 7-2; N, 2:7; Pd, 20-7%), and this discrepancy was even more pronounced after 
recrystallisation from aqueous alcohol (e.g., C, 48-9, 49-4; H, 8-1, 7-9; N, 2-7; Pd, 20-0%) : 
both samples became analytically pure, however, after recrystallisation from ethyl carbonate. 
When the original preparation was carried out in acetone, the oxalato-compound separated 
much more rapidly, particularly on scratching. The first fraction of minute crystals, collected 
within 3 minutes of mixing the original solutions in acetone, was analytically pure (Found : 
C, 49-8; H, 7:3; Pd, 209%). When, however, the oxalato-compound was collected 24 hours 
after mixing the acetone solutions, larger crystals were obtained, and these retained acetone 
after drying in a vacuum for several hours (e.g., C, 52-7, 52-9, 52-4; H, 7-5, 7-45, 7-4; N, 2-7; 
Pd, 17-5%). When a portion of these crystals was boiled with hydrochloric acid as above, 
and the aqueous solution distilled, the distillate gave strongly positive tests for acetone; when, 
however a second portion was recrystallised from ethyl carbonate, the analytically pure oxalato- 
compound was again obtained. Ethyl carbonate is therefore not occluded by the oxalato- 
compound, either because of the size or shape of the carbonate molecules, or because the oxalate 
separates as a gel and then gives a microcrystalline powder. 

(2) With ethylthiol. Ethylthiol (0-22 c.c.; 2-3 mols.) was added to a solution of the dichloro- 
oxalate (1 g.) in cold alcohol (250 c.c.); the mixed solutions immediately became red, and later 
faded to yellow. On spontaneous evaporation, a mixture of yellow and white crystals re- 
mined. Extraction with cold water removed the white crystals, which were identified as 
oxalic acid. The residual yellow crystals were dried and recrystallised from alcohol, pure 
dichlorobisbutylphosphine-y-bisethylthioldipalladium being obtained, m. p. 116—118° (alone 
and mixed). 

Oxalatobis-n-butylphosphinepalladium.—(1) Preparation. A solution of K,[Pd(C,0,),],3H,O 
(5 g.) in warm water (400 c.c.) was cooled with shaking until crystallisation began; butylphos- 
phine (5-7 g.; 2 mols.), dissolved in alcohol (10 c.c.), was immediately added, and the mixture 
shaken vigorously for 4 hours. The solid product was collected, dried, and extracted with 
boiling alcohol (100 c.c.). The alcoholic filtrate, when concentrated under reduced pressure, 
deposited the above oxalato-compound. The latter was collected, and recrystallised from 
cyclohexane (500 c.c.) containing sufficient alcohol (ca. 2%) to give a clear hot solution, and so 
obtained as colourless thread-like crystals, which on heating darkened at 170—175° and melted 
at 175—180° (decomp.) (Found: C, 51-8; H, 9-15; Pd, 17-9. C,,.H,;,O,P,Pd requires C, 52-1; 
H, 91; Pd, 17-8%). Yield, 5 g. The oxalate is very soluble in cold alcohol and benzene, 
but almost insoluble in cyclohexane. 

(2) Action of ammonium palladochloride. Solutions of the oxalate (1 g.) and of the pallado- 
chloride (0-48 g.; 1 mol.) in alcohol (30 c.c.) and water (5 c.c.), respectively, were mixed and 
boiled under reflux for 30 minutes, during which a small quantity of yellow crystals contaminated 
by a trace of palladium separated. The yellow crystals were collected from the hot solution, 
and the filtrate on cooling deposited the red bridged tetrachloro-compound (I), which after 
recrystallisation from alcohol had m. p. 145—146°, alone and when mixed with an authentic 
sample. The yellow crystals were recrystallised from much boiling water, and found to be 
dichlorodiamminopalladium (Found: N, 13-4. Calc. for H,N,Cl,Pd: N, 13-2%). 

To identify the intermediate compound which must be formed in the above reaction, the 
experiment was repeated, but the mixed aqueous-alcoholic solutions were heated at 40—50° 
for 30 minutes instead of being boiled under reflux. The warm filtrate was allowed to cool and 
was then set aside for 2 days. A small quantity of the bridged tetrachloride was then collected, 
and the filtrate subsequently deposited the unbridged dichlorobisbutylphosphinepalladium, 
[(Bu,P),PdCl,], which after recrystallisation from alcohol had m. p. 65—66° (alone and mixed). 
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It is clear therefore that the oxalate radical in [(Bu,P),PdC,0,] can be readily replaced by 
the chlorine groups. This was confirmed by mixing warm aqueous-alcoholic solutions of the 
oxalate and of ammonium chloride, whereupon a yellow colour immediately appeared : 


[(Bu,P),PdC,O,] + 2NH,Cl = [(Bu,P),PdCl,] + (NH,),C,0, 


The colour must be due to [(Bu,P),PdCl,], which is the only coloured component in the above 
equilibrium. 

The small quantity of {[(NH;),PdCl,] which separated during the reaction (2) above was 
clearly formed by the decomposition of the ammonium palladodichloro-oxalate. This is 
shown by the fact that when concentrated solutions of potassium (or ammonium) oxalate and 
of ammonium palladochloride are mixed, the dichlorodiamminopalladium rapidly separates, 
and hence potassium (or ammonium) pallado-oxalate cannot be prepared in this way. 


(COOK), + (NH,)s{PdCl,] —> 2KCl + (NH,),[PdCl,C,0,] —> [(NH,),PdCl,] + (COOH), 


(3) Action of calcium palladochloride. Solutions of the oxalate (1 g.) and of the palladochlor- 
ide (0-6 g.; 1 mol.) in alcohol (40 c.c.) and water (2 c.c.), respectively, were mixed and boiled 
gently under reflux for 30 minutes. A dark sludge was then collected, and the red filtrate on 
cooling deposited the bridged tetrachloro-compound (I) in good yield (m. p., alone and mixed, 
145—146°). The sludge was identified as calcium oxalate containing finely divided palladium. 

Dichlorobis-p-toluidinepalladium, [(C,H,Me-NH,),PdCl,].—Gutbier (Joc. cit.) prepared this 
compound by heating palladium dichloride with excess of p-toluidine hydrochloride until a 
clear solution was obtained. We have prepared it by the direct interaction of hot solutions 
of the amine (0-8 g.; 2 mols.) and of ammonium palladochloride (1 g.) in alcohol (40 c.c.) and 
water (10 c.c.), respectively. An immediate precipitate of fine, pale orange-yellow, acicular 
crystals of the above dichloro-compound appeared; after 10 minutes’ shaking they were 
collected, washed with water and alcohol, and dried (Found: N, 7-05. Calc. for C,,H,,N,Cl,Pd : 
N, 7-2%). This compound is almost insoluble in boiling alcohol, acetone, and water, and its 
non-formation during the interaction of the bridged tetrachloro-compound (I) and #-toluidine 
in alcoholic solution (p. 2089) proves that this reaction cannot be a simple double decomposition 
of the various groups present to form the least soluble product. The dichloro-compound is, 
however, more soluble in hot dioxan and glycol monoethy] ether acetate, and can be recrystallised 
from these solvents. It dissolves in, and is reduced by, hot glycol monoethyl ether. 


We are greatly indebted to Mr. D. P. Mellor for help in the crystallographic work, to Messrs. 
The Mond Nickel Co., Ltd., for a loan of palladium, and to the Department of Scientific and 


Industrial Research for grants. 
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397. The Extent of Dissociation of Salts in Water. Part VIII. An 
Equation for the Mean Ionic Activity Coefficient of an Electrolyte in 
Water, and a Revision of the Dissociation Constants of Some Sulphates. 


By Cecit W. Davies. 


An empirical extension of the Debye—Hiickel limiting activity equation is proposed. 
A survey of all the available data for electrolytes in water at 25° shows that the 
equation is in good agreement with the actual values of the mean ionic activity co- 
efficient in dilute solutions, the average deviation being about 2% in 0-1m-solution 
and proportionately less at lower concentrations. 

The equation is applied to the activity data for zinc and cadmium sulphates, and 
dissociation constants are derived for these salts which agree with the values obtained 
from conductivity measurements. 


SOME years ago (Banks, Righellato, and Davies, Trans. Faraday Soc., 1931, 27, 621) 
the activity data then available for ternary electrolytes in water were reviewed, and it 
was noted that the experimental activity coefficients (y,) fail to satisfy a fundamental 
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requirement of the Debye—Hiickel theory for completely dissociated electrolytes, in that 
they differ considerably from each other even at quite low concentrations. Thus in 0-01 
molal solution the stoicheiometric activity coefficient of barium chloride is 0-724, of lead 
chloride 0-612, and of cadmium chloride 0-475, and the values for lead and barium nitrates 
and sodium sulphate fall between these extreme limits. It was also pointed out that on 
the evidence of conductivities none of these salts with the possible exception of barium 
chloride could be considered as completely dissociated, and it was shown that when the 
activity data are corrected for incomplete dissociation the mean ionic activity coefficients 
(f,) derived for the different salts lie very close to a common curve up to an ionic strength 
of 0-1 or somewhat higher. 

A similar type of departure from the requirements of the simple theory occurs amongst 
solubility measurements, where it is commonly found that the solubility of a salt is markedly 
dependent on the nature, as well as on the concentration and valency type, of added salts, 
and here also it has been shown (see J., 1935, 1416; this vol., p. 273) that corrections for 
ionic association have the effect of almost entirely eliminating the individual deviations. 

It seemed likely, therefore, that an equation could be derived which could be relied 
upon, in the absence of experimental data, to express within specified limits of uncertainty 
the mean ionic activity coefficient of any electrolyte in water at fairly low ionic strengths. 
As such an equation would be of considerable practical value, the available data have been 
reviewed, and the results are summarised in the next section. In a later section the new 
results are applied to some bi-bivalent salts. 


An Equation for the Mean Ionic Activity Coefficient. 


The equation proposed for the mean ionic activity coefficient of an electrolyte in 
water at 25° is: 


I 
— log f, = 0-505 ¥ VI 


where 2,, 2, are the valencies of the constituent ions and J is the ionic strength. The 
equation is approximate and is not intended for use at high ionic strengths, and so may 
be applied equally to data expressed either in mols. per litre or in mols. per kg. of water. 
At sufficiently high dilutions it reduces to the Debye—Hiickel limiting formula. 

An equation of similar form has been used by Guggenheim (Phil. Mag., 1935, 19, 
588; 1936, 22, 322), who has shown that if in place of the constant 0-20 in equation (1) 
there is an adjustable parameter which varies from salt to salt, the formula accurately 
expresses the stoicheiometric activity coefficients of both completely and incompletely 
dissociated salts up to J = 0-1. Equation (1), on the other hand, contains no adjustable 
term, and although its accuracy does not approach that of the Guggenheim equation, its 
relative success shows that of all the factors that account for the individual differences 
observed in the thermodynamic properties of salt solutions, the most important, on the 
whole, is the effect of ion association; the others either do not exert a very great influence 
on the activity coefficient below an ionic strength of 0-1, or influence it to approximately 
the same extent for all electrolytes. 

Table I shows the application of the equation to the ternary electrolytes previously 
discussed (loc. cit.); f, is the experimental mean ionic activity coefficient, and A is the 
amount by wi'tich this is greater than the value given by equation (1). 

Table II gives the more recent measurements of Harned and Fitzgerald (J. Amer. 
Chem. Soc., 1936, 58, 2624) for cadmium chloride. The first two columns show the ex- 
perimental results, (1 — «) is the fraction of cadmium in the form of the intermediate ion 
CdCl’, obtained from conductivity measurements at 18° (lec. cit.), and the other symbols 
are as before. 

In addition to these results for single salts, two series of measurements are available 
from which the mean ionic activity coefficient of a ternary electrolyte in the presence 
of other salts can be calculated. These are the measurements of Macdougall and Davies 
(J., 1935, 1416) and of Wise and Davies (this vol., p. 273) of the solubilities of barium and 
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TABLE I. 


i 0-015 0-03 
“*tnloride 0-784 0-724 
+0-001 +0-002 
Barium 0-015 0-03 
chloride ‘ 0-784 0-724 
ay +0-001 +0-002 
0-01334 0-02474 
oe ‘ 0-792 0-745 
4 : —0-001 +0-005 
0-02730 0-05180 
a ‘ 0-764 0-696 
, +0-033 +0-028 
i 0-02846 0-05512 
oe ‘ 0-733 0-670 
+0-006 +0-007 
i 0-02894 0-05712 
a 0-719 0-645 
P p — 0-006 —0-013 


TABLE II. 
Cadmium chloride. 


m. Ys: (1 — a). Qf. fax A. 
0-002 0-7311 , 0-202 0-005192 0-851 — 0-007 
0-005 0-6113 0-345 0-01155 0-799 —0-005 
0-007 0-5653 0-402 0-01537 0-779 — 0-002 
0-01 0-5140 0-462 0-02076 0-753 +0-002 


calcium iodates in salt solutions. The figures for barium iodate are given in Table III; 
the results have been re-extrapolated so that the value for the saturated solution in pure 
water shall be in agreement with equation (1) (giving Sy = 1-498 x 107°). 
TABLE III. 
Barium iodate. 


KCI solutions. KNO, solutions. KCI1O, solutions. 
A. I 


I. [* , I. ta. 4. . 
0-00346 0-882 000345 0-884  +0-002 000658 0-842 —0-002 
0:00449 0-868 0-00448 0-869  +0-002 001153 0-806 +0-001 
0-00604 0-849 0-00602 0-850 0-000 003807 0-701 +0-004 
0:00759 0-834 ; 0-00755 0-835 0-000 0-07840 0-633 —0-003 
001017 0-812 ; 001008 0-815  +0-001 
0-01272 0-795 u-<1261 «0-795 = — 0-002 CaCl, solutions. 
0-02289 0-744 ; 0-02269 | 0-747 0-000 000878 0-829  +0-005 
0-05328 0-661 ; 0-05193 0-671  +0-002 001764 0-774 +0-004 
0-1037 0-589 0-1001 0-593  —0-009 0-03273 0-714 0-000 


Table IV gives the results for calcium iodate, shown in the same way (Sy = 7:119 x 107%). 


TABLE IV. 
Calcium iodate. 


i, f- A. I. Sa. A. I. fo» A. 
Water. KCI solutions. K,SO, solutions. 
0-02257 0-748 (0-000) 0-03642 0-706 +0-003 0-03845 0-698 0-000 
0-05009 0-672 +0-001 0-05523 0-660 — 0-002 
0-07690 0-627 —9-001 0-07215 0-630 — 0-005 
0-1296 0-569 — 0-008 0-08916 0-607 — 0-006 


“OO WO ON NSN = 


NaCl solutions. CaCl, solutions. MgSO, solutions. 
0-03686 0-707 +0-005 0-03765 0-706 +0-006 0-04248 0-687 —0-001 
0-04998 0-676 +0-004 0-08959 0-621 +0-009 0-06017 0-654 +0-001 
0-07671 0-632 . +0-003 0-08994 0-611 — 0-002 0-07680 0-630 +0-001 
0-1293 0-576 —0-001 0-1623 0-563 +0-006 0-09256 0-612 +0-002 


A review of Tables I—IV shows that for the more reliable data the value of A rarely 
exceeds 0-006 at ionic strengths in the neighbourhood of 0-1, and that for the few measure- 


ments at more than double this ionic strength the average deviation, without regard to 
6T 
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sign, is 0-008. Where large deviations are found there are reasons to suspect the accuracy 
of the data; for lead nitrate the large errors may be attributed to the method of extra- 
polating the experimental results (cf. Guggenheim; Harned and Fitzgerald; Jocc. cit.), 
and the large alternating positive and negative deviations found in the isolated case of 
sodium sulphate suggest inaccuracies in the experimental data or calculations. Excluding 
these two series, the average deviation for 192 measurements below IJ = 0-2 is 0-002,, and 
the average deviation for 17 measurements in the range J = 0-08—0-15 is 0-004, which 
corresponds to considerably less than 1% in the value of f,. It may be concluded that 
equation (1) holds good for ternary electrolytes with an accuracy of at least 1% in the 
value of f, up to J = 0-1, and that beyond this the error will probably increase in pro- 
portion to the ionic strength, as has been found for other equations connecting activity 
coefficient and concentration (see Guggenheim, Joc. cit., 1935). 

For uni-univalent electrolytes the most reliable data have been collected by Guggen- 
heim (loc. cit., 1936, p. 334). As most of these electrolytes are completely dissociated, the 
stoicheiometric activity coefficients given by this author are also the mean ionic activity 
coefficients. In a few cases, however, allowances for ionic association are necessary; 
these are shown in Table V, calculated from the relation f, = y,/«, where «, the degree 
of dissociation, has previously been derived from conductivity measurements (Trans. 
Faraday Soc., 1927, 28, 351; 1931, 27, 621). Combining these figures with the others 


“TABLE V. 


KCIO,. NaNO,  KNO;. NalO,.  KIO,. 
0-734 0-758 0-723 0-700 0-700 
0-968 0-985 0-961 0-984 0-976 pat I = 0-1 
0-758 0-770 0-752 0-711 0-717 
0-815 0-825 0-810 — _ 
0-980 0-992 0-978 — — pat I = 0-04 
0-832 0-832 0-828 — — 
given by Guggenheim, we have 20 values for f, at each concentration. Of these, the 
results for the iodates are quite abnormal, both in their being so low and in their being 
identical for the sodium and potassium salts; remembering that they are the earliest 
measurements considered, and that the iodates of calcium and barium were found to be 
quite normal, we have some grounds for excluding them from the comparison. For 
the other 18 electrolytes the values of f, at an ionic strength of approximately 0-1 vary 
from 0-752 to 0-818; the value given by equation (1) is 0-776, and the average deviation 
of the calculated from the experimental values of f, is 0-017, or 2% of the value of f,. 
The average error in the calculated value is therefore more than twice as great as with the 
ternary electrolytes at the same ionic strength. At an ionic strength of 0-04 the calcu- 
lated value is 0-833, the experimental values vary from 0-828 to 0-851, and the average 
deviation is 0-€06, about the same as with ternary electrolytes of the same molar concen- 
tration but three times the ionic strength. If we are correct in regarding the dissociation 
constants as taking into account the short-range forces between ions, and equation (1) 
as covering the long-range Coulomb forces, the specific effects of the various ions, which 
are usually attributed to differences in dielectric constant and in solvation effects, are re- 
flected in the foregoing treatment in the reported deviations from equation (1); and 
it would appear that these depend in magnitude on the concentration of the ions and 
are little influenced, on the whole, by their valencies. The number of measurements 
considered is perhaps not large enough, however, for great reliance to be placed on this 
generalisation. 

Very few measurements are available for the mean ionic activity coefficients of electro- 
lytes of other types. The only data for a bi-bivalent electrolyte are those derived for 
barium oxalate in the following paper, where it is shown that these are in satisfactory 
agreement with equation (1) up to the highest ionic strength measured, viz., 0-1225. 

The only other suitable data available are some measurements by LaMer, King, and 
Mason (J. Amer. Chem. Soc., 1927, 49, 363) of the solubility of the ter-tervalent salt luteo- 
cobaltic ferricyanide in salt solutions. The stoicheiometric activity coefficients derived 
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from these measurements are shown in Table VI. It is impossible to calculate the corres- 
ponding mean ionic activity coefficients, as the dissociation constants of the salts involved 
are not known; it is only possible to say that they will be larger than the y, values, but 
that the corrections are not likely to be very important on account of the extremely small 


TABLE VI. 


0-00079 0-00133 0-00339 0-00548 0-01059 0-02080 
0-767 0-670 0-577 0-459 0-373 0-277 
+0-014 — 0-023 +0-007 — 0-036 —0-015 — 0-006 
0-03105 0-05144 0-06160 0-07187 0-1026 
0-210 0-156 0-137 0-117 0-085 
—0-016 —0-008 —0-007 —0-013 —0-015 


solubility of the saturating salt and the low concentration at which the tervalent ions can 
interact with the added salt. The last line of the table compares the y, values with 
the values given by equation (1), which here hasthe form — log f, = 4:54/I/(1 + 4/1) —0-91; 
the differences except at the lowest concentrations are all negative, as they should be, 
and are of reasonable magnitude, so that, so far as can be judged, the equation survives 
this very drastic test satisfactorily. | 

It can be concluded from this survey of the data that, where the mean ionic activity 
coefficient of an electrolyte is unknown, it can be calculated from equation (1) with an 
uncertainty not greatly exceeding 2% at a concentration of 0-1m, and proportionately 
less at lower ionic strengths; at higher concentrations the equation is of little value, as 
specific effects become too great to be ignored. That this degree of accuracy is sufficient 
for many purposes, and that the equation enables measurements in different fields to be 
correlated successfully, is shown in the next section.. 


The Dissociation Constants of some Sulphates. 


In Part I (1927, loc, cit.) the dissociation constants of some bi-bivalent salts at 18° 


were derived. The method was to calculate the extent of ion association from the con- 
ductivity measurements of Kohlrausch (see Noyes and Falk, J. Amer. Chem. Soc., 1912, 
34, 454), and then to extrapolate to zero ionic strength by plotting «*m/(1 — «) against 
the square root of om and drawing the best straight line through the points. This line 
in every case had a greater slope than that given by the Debye—Hiickel activity formula, 
and now that the validity of the latter as a limiting equation is established, it is clear that 
the dissociation constants reported were. somewhat too low, and that the conductivity 
results were probably affected by some small errors. Sources of error that might reason- 
ably be expected to have a significant effect at the two or three lowest concentrations 
measured (up to m = 0-00025) are inaccuracies in the solvent correction (see’ Davies, 
“ Conductivity of Solutions,’ 1933, p. 73), and hydrolysis. 

The data have therefore been reconsidered by a modified procedure which enables 
less weight to be attached to the doubtful measurements at the lowest concentrations. 
Instead of using the Onsager limiting formula A, — A, = b*/I, the mobility changes 
have been calculated from the equation Aj — A, = bVI/(1+ VI); this equation is 
found to fit the data of Shedlovsky for potassium, sodium, lithium, and hydrogen chlorides 
(J. Amer. Chem. Soc., 1932, 54, 1411), and those of Shedlovsky and Brown (ibid., 1934, 
56, 1066) for calcium, magnesium, and strontium chlorides up to J = 0-02 with an accuracy 
of at least 2% in the value of Ag — A,; and although its form cannot be justified theoretic- 
ally, it is undoubtedly sufficiently accurate for our purpose, and enables the six conductivity 
measurements up to c = 0-005 to be taken into account instead of only the three lowest 
concentrations for which the limiting equation is approximately valid. Similarly, the 
mean ionic activity coefficient was calculated from equation (1). Ag was obtained by an 
extrapolation method described in a previous paper (J., 1933, 645).. The results are in 
Table VII. They are all somewhat higher than those previously derived. The mean 
dissociation constants, the values shown in parentheses being neglected, are: MgSO,, 
0-007,; CuSO,, 0-005,; CdSO,, 0-:004,; ZnSO,, 0-005. 
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TABLE VII. 
0-0001. 0-0002. 0-0005. 0-001. 0-002. 
Magnesium sulphate. Ay = 112-7. b = 202-6. 
109-80 108-01 104-15 99-85 94-12 
0-999 0-993 0-977 0-958 0-93) 
an (12) 8-1 7-5 7-6 
Copper sulphate. A, = 113-5. b = 203-1. 
109-85 107-89 103-50 98-52 91-92 
0-993 0-985 - 0-964 0-938 0-901 
(6-3) 5-4 4-8 4-8 4-9 
Cadmium sulphate. A, = 112-6. b = 202-6. 
109-74 107-54 102-87 97-68 90-90 
0-999 0-990 0-966 0-938 0-899 
oo (8-2) 5-1 4:8 4-8 
Zinc sulphate. A, = 113-3. b = 203-0. 
107-64 103-44 98-54 92-18 81-90 
0-985 0-965 0-940 0-906 0-852 
53 5-1 5-1 5-2 5:7 
Dissociation constants for cadmium and zinc sulphates can also be calculated from 
the stoicheiometric activity coefficients obtained by LaMer and Parks (J. Amer. Chem. 
Soc., 1931, 58, 2040), and Cowperthwaite and LaMer (tbid., p. 4333), by electrometric 
measurements. The stoicheiometric and mean ionic activity coefficients are related by 
the equation: y, = «f,, so that if f, is assumed to be given by equation (1), « can be 
found by a method of successive approximations. The dissociation constant is then given 
by K = y,?m/(1 — «), if we assume, as before, that the activity coefficient of the un- 
dissociated part of the salt is unity in dilute solutions. The results of this treatment are 
given in Table VIII. 
TABLE VIII. 
Cadmium sulphate. 
0-001 0-003 0-005 0-01 0-05 
0-699 0-551 0-476 0-383 0-199 
0-905 0-825 0-783 0-730 0-574 
5-1 5-2 5-2 5-4 4-7 Mean 5-1 
Zinc sulphate. 
0-001 0-002 0-005 0-01 
0-700 0-608 0-477 0-387 
0-906 0-860 0-785 0-740 
5-2 5-3 5-3 5-7 Mean 5-4 
The constancy of these K values provides further support for equation (1), on which they 
are based. As regard their magnitudes, it will be seen that they agree, within experimental 
error, with the dissociation constants reported in Table VII and derived by a totally 
different method. The comparison is not strictly justifiable, since the activity data refer 
to 25° and the conductivity measurements were at 18°, but the errors, especially in the 
conductivity figures and their treatment, are so large as to mask any probable change in 
dissociation constant over a small temperature interval. 


The calculations embodied in this and the following paper were carried out during the 
tenure of a Leverhulme research fellowship. 


BATTERSEA PoLyTECHNIC, Lonpon, S.W. 11. [Received, November 14th, 1938.] 





398. The Solubility of Barium Oxalate in Aqueous Salt Solutions. 
By R. W. Money and Ceci, W. Davies. 


The solubility of barium oxalate dihydrate has been measured at 25° in potassium 
chloride and nitrate solutions at concentrations extending up to 0-1m, and in dilute 
manganous chloride solutions. The results with the first two salts have been used 
to calculate an equation for the mean ionic activity coefficient of barium oxalate. 
The increase in solubility produced by manganous chloride is about ten times as 
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great as with a potassium chloride solution of the same ionic strength, and is in good 
agreement with the dissociation constant of manganous oxalate previously found 
from conductivity measurements. 


IN previous papers (see this vol., p. 273) it has been shown that the discrepancies between 
experimental solubility figures and the requirements of the Debye—Hiickel theory disappear 
when allowance is made for ionic association. The present paper extends the work to 
a bi-bivalent salt, and reports solubility measurements on barium oxalate dihydrate at 25° 
in potassium chloride and nitrate, and manganese chloride solutions. 

The barium oxalate dihydrate was prepared, and its solubility measured, by methods 
already described (J., 1934, 400). The results are shown in the following table, where 
m is the concentration of the solvent salt, and s the corresponding solubility of barium 
oxalate, both in millimoles per litre. 


Solubtlity of Bartum Oxalate Dihydrate at 25°. 


Water: s = 0-483. 
KCI solutions. 
4-80 7:47 9-94 20-0 50-0 100-0 
0-496 0-563 0-588 0-616 0-700 0-891 1-118 


KNO, solutions. MnCl, solutions. 

0-984 4:93 9-92 49-66 100-0 0-500 2-25 65-12 

0-509 0-558 0-643 0-938 1-226 0-698 1-350 2-103 
100 1:10 1-13 


From the first two series of measurements mean ionic activity coefficients (mol./1.) 
were calculated for barium oxalate in the following way. Dissociation constants previously 
reported for barium oxalate (Trans. Faraday Soc., 1932, 28, 609), potassium oxalate (ibid., 
1931, 27, 621), potassium nitrate (ibid., 1927, 23, 351), and barium nitrate (ibid., 1930, 
26, 592) were used to calculate the small quantities present of the species BaOx, KOx’, 
KNO, and BaNO,’, and by subtraction the concentrations of the free barium and oxalate 
ions were obtained. The product [Ba™][Ox’’] was then plotted against the square root 
of the ionic strength, and the results of the two series of measurements were found to 
fall, within experimental error, on a common curve, showing that for these two series the 
mean ionic activity coefficient of barium oxalate is independent of the nature of the added 
salt. The activity coefficients were then evaluated from the solubility product equation : 
f.7[Ba**][Ox’’] = sp, on the assumption that for the solubility in pure water (ionic strength 
0-00182) the mean ionic activity coefficient is given by the standard equation of Guggenheim 
(Phil. Mag., 1935, 19, 629): — log f, = 2V/I/(1+ VJ). They are shown in the follow- 
ing table for round values of the ionic strength. 

0-0225 0-04 0-0625 0-09 0-1225 
0-15 0-20 0-25 0-30 0-35 
0-666 0-558 0-478 0-418 0-374 0-341 
fz, calc. 0-664 0-560 0-482 0-422 0-375 0-339 


The figures in the last line are obtained from the empirical equation : 
— log f, = 2VT/(1 + V1) — 0-401, 


which clearly expresses the results satisfactorily up to an ionic strength of 0-1. 

The measurements in manganous chloride solutions were made to check the dissociation 
constant of manganous oxalate previously found from conductivity measurements (Trans. 
Faraday Soc., 1932, 28, 609; J., 1934, 400). It will be seen from the first table that man- 
ganous chloride increases the solubility of barium oxalate by a very much greater amount 
than does a potassium chloride solution of the same ionic strength. If we attribute 
the anomaly to the formation of undissociated manganous oxalate, the amount of this 
can be calculated as follows. We assume that the ionic concentration product, [Ba™][Ox’’], 
has the same value as in a potassium chloride or nitrate solution of the same ionic strength ; 
[Ba”’] is given by the solubility, less a small constant correction for undissociated barium 
oxalate, and [Ox’’] is therefore known; subtraction gives the amount of oxalate in the 
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form of undissociated manganese oxalate. The dissociation constant of manganous 
oxalate is now found from the equation: /,*[Mn™][Ox’’]/[MnOx] = K, in which the 
concentrations are all known, and f, is assumed to be given by the same equation as holds 
good for barium oxalate. The results are in the first\table. The agreement with the 
previously reported value K = 1-2 x 10~ is satisfactory, and illustrates rather strikingly 
how abnormal conductivities and abnormal solubilities may be correlated on the basis 
of the postulated mass-action equilibria. Manganous oxalate in 0-005n-solution has about 
one-quarter of the conductivity to be expected of a completely dissociated salt; barium 
oxalate in manganous chloride solution shows an increase in solubility about ten times 
as great as would be anticipated from the simple interionic attraction theory; and both 
results are quantitatively explained by the low dissociation constant found for manganous 
oxalate. 


BATTERSEA POLYTECHNIC, LONDON, S.W. 11. [Received, November 14th, 1938.] 





399. Synthesis of B-2-Thienylalanine and of B-2-Thienylethylamine. 
By GEORGE BARGER and ALEXANDER P. T. EAssON. 


Both substances were synthesised from thiophen-2-aldehyde, the amino-acid 
by the hippuric acid and by the hydantoin methods, the amine by the Hofmann 
degradation of B-2-thienylpropionamide. The amine has a pressor action qualitatively 
and quantitatively indistinguishable from that of B-phenylethylamine, which finding 
is attributed'to the similarity in physical properties of the two bases. Thienylalanine, 
not being a constituent of the animal body, is not so completely oxidised as is phenyl- 


alanine. 
Experience with a simple apparatus for the cheap production of thiophen from 


acetylene and pyrites is recorded. 


WHILST comparison is often made between chemical constitution and pharmacological 
action, the latter in many cases depends in the first place on the physical rather than on the 
chemical properties of the drug. Thus the great similarity in the physical properties of 
corresponding benzene and thiophen derivatives leads to a close agreement in 
pharmacological properties, as in the case of cocaine and its thiophen analogue (Steinkopf 
and Ohse, Annalen, 1924, 487, 14). The same was found for thiophen derivatives corre- 
sponding to eucaine, stovaine and other drugs (idem, ibid., 1926, 448, 205). In all these 
cases a 2-thienoyl group replaces benzoyl as a subsidiary substituent in a large molecule. 
In order to extend the comparison to substances in which the two rings constitute the 
principal portion of the molecule, we have prepared 8-2-thtenylalanine and its decarboxyl- 
ation product, corresponding respectively to phenylalanine and $-phenylethylamine. 

On account of its high price, we made the necessary thiophen from acetylene and 
pyrites. Our apparatus was similar to that designed by Steinkopf and Kirchoff (Amnalen, 
1914, 403, 1) and was constructed in the laboratory, but, being simpler and smaller, gave 
a much poorer yield; nevertheless we could prepare large amounts of thiophen at one- 
tenth of the commercial price. Direct conversion into thiophenaldehyde failed entirely by 
Gattermann’s carbon monoxide method (Amnalen, 1906, 347, 347). Reduction of thienoyl 
chloride by Rosenmund’s method (Ber., 1918, 51, 585) yielded only traces of the aldehyde 
and the reaction between thieriylmagnesium bromide and methyl isoformanilide 
(Gattermann, Amnalen, 1912, 393, 215) gave a yield of 20—25% of the bromothiophen 
employed. We ultimately found the much older and more circuitous route of Biedermann 
(Ber., 1886, 19, 636) the best, via 2-thienyl methyl ketone and 2-thienylglyoxylic acid. 

From the aldehyde, 8-2-thienylalanine was first prepared by Erlenmeyer’s hippuric 
acid method, and then much more readily by the hydantoin method devised by Wheeler 
and Hofmann (Amer. Chem. J., 1911, 45, 368) for phenylalanine and tyrosine. 

The synthesis of 8-2-thienylethylamine was first attempted via thienylmethy] chloride ; 
the chloromethyl group has been introduced into the benzene ring by Stephen, Short, and 
Gladding (J., 1920, 117, 510) and, via a Grignard reagent, by Ziegler (Ber., 1921, 54, 737), 
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but neither of these methods yielded us thienylmethyl chloride, and the process of 
Biedermann (loc. cit.) also was unsatisfactory. The condensation of thiophenaldehyde 
with nitromethane was not promising. The desired amine was, however, readily obtained 
from the aldehyde by a method analogous to that of Haworth, Perkin, and Rankine (J., 
1924, 125, 1693) for 6-3 : 4-methylenedioxyphenylethylamine. 

8-2-Thienylethylamine proved to be very similar to §-phenylethylamine in physical 
properties and Prof. J. H. Burn found the pressor action of the two amines to be 
indistinguishable both qualitatively and quantitatively. Since this action can be measured 
with greater accuracy than most biological reactions (a discrimination of 5% is possible 
in the case of adrenaline), we may infer, in this case even more than in the above-mentioned 
analogues of cocaine, etc., that the pharmacological properties depend in the first place on 
the physical ones. 

Whilst the physical resemblance between $-2-thienylalanine and phenylalanine is also 
considerable, the latter is a constituent of the animal body and is peculiar among benzene 
derivatives in being completely oxidised. Preliminary experiments with 0-5 g. of 
thienylalanine injected intravenously into a rabbit resulted within 2 hours in the appearance 
of a persistent ninhydrin reaction in the urine, but we were unable to obtain any thiophen 
derivative from it, although after oral administration of thienylcarboxylic acid we could 
isolate the latter partly as thienoylglycine (Jaffe and Levy, Ber., 1888, 21, 3458) and partly 
unchanged. 

EXPERIMENTAL. 


Preparation of Thiophen.—This was carried out in the Technical Chemistry Department 
of Edinburgh University, and we are indebted to the late Allin Cottrell for help and advice. 
An iron tube, 76 x 7-6 cm., was fitted with caps through which passed a coaxial rod fitted with 
spirally placed vanes to act as a stirrer. The tube was surrounded successively with asbestos 
paper, a coil of nichrome wire, and a lagging made from magnesium carbonate and asbestos 
fibre. A current of 4-5 amp. from 230-volt a.c. mains kept the tube at 300°, measured by an 
internally placed thermometer. The outlet led to a cross piece of four pipes with clearing rods, 
as used by Steinkopf and Kirchoff (loc. cit.). The acetylene, obtained from cylinders, was 
passed through water to remove acetone and then dried in calcium chloride towers. The pyrites, 
kindly presented by Messrs. J. and J. Cunningham of Leith, contained 46-8% of sulphur and 
2-8%, of moisture; it was practically free from arsenic. After being ground for an hour or so in 
a ball mill, it almost completely passed a sieve of 90 meshes to the inch, and was mostly used 
unsifted. In the original form of the apparatus the charge of pyrites could be renewed only by 
dismantling the tube, so we soon introduced side pieces in the terminal caps which enabled a 
charge to be replaced by rotation of the stirrer; the charge was uniformly distributed by moving 
the stirrer forward and backward an equal number of turns. A slow current of carbon dioxide 
was passed during the preliminary heating, and when the temperature reached 260° and the 
pyrites had been dried, carbon dioxide was replaced by acetylene: the temperature reached 
300° in about an hour. The issuing gases passed through a vertical condenser into a Woulff’s 
bottle and out through a second condenser into a ‘‘ compo ’’ coil cooled in ice; since there was no 
condensate here, the coil was dispensed with. The gases then went through a 4 ft. horizontal 
tube containing porcelain chips soaked in paraffin oil, and were finally burnt. In the best 
experiment 707 1. of acetylene were passed at 300° over 2-27 kg. of pyrites (90 mesh) during 
10 hours and gave 310 c.c. of distillate. At 325° the yield of distillate was slightly less than at 
300°, and with short runs of 3—4 hours and a slower current of acetylene the yield was much 
less. Doubling the rate of the acetylene current diminished not only the relative but also the 
absolute yield of distillate. The amount of distillate from the paraffin scrubber was less than 
one-tenth of the whole. ‘Our maximum efficiency was 43-8 c.c. of distillate per 1001. of acetylene, 
as compared with 112 c.c. in Steinkopf and Kirchoff’s experiments. Their apparatus could deal 
with 170 1. of acetylene per hour and the tube (we were informed by Prof. Steinkopf) was 2 m. 
long. We think that its greater efficiency may have been due to the superior stirrers employed, 
consisting of a continuous spiral. At the same time, we conclude that it is necessary to renew 
the surface of the pyrites from time to time only, by cccasional stirring. As in Steinkopf and 
Kirchoff’s experiments, our distillate gave on fractionation about 40% of thiophen. The 
cost of the thiophen prepared was about 55/- per kg. for acetylene and heating energy. A 
separate experiment showed that pyrites passing a 30-mesh sieve gave less than half the yield 
of that passing the 90 mesh. No improvement was effected by mixing the acetylene with half 
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a volume of dry hydrogen sulphide, except towards the end of a long experiment, when the 
charge was partly exhausted. 

Preparation of Thiophen-2-aldehyde.—(a) Gattermann’s method. In two of several experi- 
ments thiophen (12 g.) in benzene or light petroleum (180 c.c.), with cuprous chloride (2-5 g.), 
became warm on addition of aluminium chloride (22 g.) ; a viscous mass separated, which became 
more mobile on passage of a mixture of carbon monoxide and hydrogen chloride. After 
extraction with bisulphite, only a trace of oil was obtained, having a faint odour of thiophen- 
aldehyde. Failure was probably due to the decomposition of thiophen by aluminium chloride. 
(b) Rosenmund’s method. A mixture of thienoy]l chloride (Jones and Hurd, J. Amer. Chem. Soc., 
1921, 48, 2444) (9 g.) in toluene (55 c.c.), with unreduced barium sulphate—palladium catalyst 
(4 g.), was treated at the b. p. with a current of hydrogen. Thiophenaldehyde was obtained 
in a yield of 20%. In addition an ester of thiophencarboxylic acid was formed. Its b. p. and 
the absence of the indophenin reaction suggested an aliphatic alcohol (perhaps m-butyl) rather 
than thienylmethanol. Rosenmund’s method might be turned to better account by reducing 
the activity of the catalyst. (c) We were thus obliged to follow the route outlined by 
Biedermann. 2-Thienyl methyl ketone was prepared in a yield of 60—82%; gradual addition 
of the solution of thiophen and acetyl] chloride to the aluminium chloride under light petroleum 
gave rather better results than the reverse way, adopted by Biedermann. In the next step, 
oxidation to thienylglyoxylic acid, the concentration of his very dilute solution could safely be 
doubled, but a tenfold increase diminished the yield to half, favouring the formation of thienyl- 
carboxylic acid. For the decarboxylation of thienylglyoxylic acid we found heating in glacial 
acetic acid at 200° for 2 hours much better than heating to the same temperature in naphthalene 
or diphenylmethane, or than the dry distillation employed by Biedermann. The average 
overall yield of aldehyde from ketone was 45%. 

Synthesis of 8-2-Thienylalanine.—(a) With hippuric acid. The first two stages followed 
closély the synthesis of r-2-methyltryptophan (Barger and Ewins, Biochem. J., 1917, 11, 60). 
The azlactone of x-benzamido-B-2-thienylacrylic acid formed fine yellow needles from alcohol— 
chloroform, m. p. 175°; yield, 70% (Found: S, 12-6. C,,H,O,NS requires S, 12-6%). The 
acid formed colourless crystals from alcohol, m. p. 238—240°; yield, quantitative (Found : 
S, 11-7; equiv., 269, 271. C,,H,,O,NS requires S, 11:7%; equiv., 273). The simultaneous 
hydrolysis and reduction of the acid (as carried out by Barger and Ewins, loc. cit.) proved to be 
unsatisfactory in the present case; ammonia was evolved. Hence a-benzamido-f-2-thienyl- 
acrylic acid, dissolved in sodium hydroxide solution, was first reduced by sodium amalgam 
(3%), disappearance of the reddish-brown colour indicating the completion of the reaction. 
When the alkalinity was kept down merely by repeated addition of hydrochloric acid, no 
crystalline product could be obtained, but when carbon dioxide was used, and a small quantity 
of a neutral oil, b. p. 195°, had been removed by ether, the solution after acidification deposited 
overnight a«-benzamido-{-2-thienylpropionic acid, which formed crystals from alcohol, m. p. 
176—180°; yield, 24% (Found: equiv., 279. C,,H,,0;NS requires equiv., 275). This acid 
was hydrolysed by boiling with 10% hydrochloric acid for 6 hours. The cooled solution was 
washed with ether, to remove benzoic acid, and was evaporated to dryness. On sublimation 
of the residue in a high vacuum and crystallisation from alcohol 8-2-thienylalanine was obtained 
in thin leaflets, m. p. 274—-275° (bath preheated to 270°), soluble in 40 parts of water at 15°, 
much more soluble in dilute aqueous ammonia; the substance did not give the indophenin 
reaction (Found: C, 49-0; H, 5-3; N, 7-8; S, 18:3. C,H,O,NS requires C, 49-1; H, 5-3; N, 
8-2; S, 18-7%). Since the yields in the last two reactions were low, we had recourse to another 
method, which obviated the removal of a benzoyl group, and proved more satisfactory. 

(b) With hydantoin. A mixture of thiophenaldehyde (38-5 g.), hydantoin (38-8 g.) (Harries 
and Weiss, Ber., 1900, 33, 3418), anhydrous sodium acetate (25 g.), and acetic anhydride (145 
c.c.) was heated to 110°. The solids went into solution and after 4 hour crystals began to form. 
After keeping overnight, the pale yellow crystals were washed with a little alcohol, ether, and 
water; m. p. 214—216°, yield 39-2 g. The substance is probably acetyl-2-thienylidenehydantoin 
(Found: S, 13-1, 13-2. CygH,O,N,S requires S, 13-5%). On solution in cold aqueous sodium 
hydroxide and treatment with acid, 2-thienylidenehydantoin was obtained, which formed thin 
leaflets from alcohol, m. p. 253—255° (Found: S, 16-0, 16-1. C,H,O,N,S requires S, 16-5%). 
This hydantoin (13-8 g.) was suspended in 2 1. of spirit and shaken with 400 g. of 3% sodium 
amalgam; the alkali was from time to time partly neutralised with sulphuric acid. The sodium 
sulphate was filtered off, and the alcohol distilled under reduced pressure. On addition of 
water, 2-thienylmethylhydantoin was obtained, m. p. 188—190° after crystallisation from alcohol— 
chloroform; yield, 75% (Found: S, 16-2, 15-9. C,H,O,N,S requires S, 16-3%). The course 
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of the final hydrolysis was followed by titrating from time to time the ammonia given off (an 
advantage over the hippuric acid method). With 8 g. of crystalline barium hydroxide per 
100 c.c., the reaction was very slow; with 50 g. per 100 c.c., the reaction was stopped when 97% 
of the ammonia had been given off, but the glass flask was attacked and the amino-acid was 
freed from a sodium salt only by conversion into the ester hydrochloride, from which it was 
ultimately recovered with the same m. p. as the sample obtained by method (a). The best 
results were obtained in a copper flask, in which 2-thienylmethylhydantoin (4-85 g.) was boiled 
with water (85 c.c.) and recrystallised barium hydroxide (42 g.). The barium was removed with 
a slight excess of sulphuric acid, and a little copper by hydrogen sulphide. The filtrate was 
concentrated and mixed with alcohol and ether; 2 g. (45%) of the pure amino-acid then 
crystallised. 

Synthesis of 8-2-Thienylethylamine.—A preliminary experiment on the conversion of thienyl- 
methanol by hydrogen chloride according to Biedermann gave little promise of success. A 
small quantity of an oil with the odour of benzyl chloride was obtained, but the main product 
was a rubber-like mass, insoluble in alcohol or acetone, and only partly in chloroform. Hence 
we did not attempt to prepare thienylacetonitrile. The condensation of thiophenaldehyde 
with nitromethane yielded a bright yellow, volatile, crystalline substance, m. p. 79—83°, 
presumably the analogue of w-nitrostyrene, but on account of the small yield (20%) we did not 
attempt to reduce it. The degradation of an amide proved more satisfactory. 

Thiophenaldehyde (21 g.), malonic acid (47 g.), pyridine (90 c.c.), and piperidine (1-5 c.c.) 
were heated in the steam-bath for 2 hours. The solution was then boiled for 5 minutes, cooled, 
poured into water, and acidified, with cooling. No odour of the aldehyde was observed. The 
precipitated thienylacrylic acid, recrystallised from alcohol (charcoal), had m. p.143—145°; 
yield, 85% (Biedermann, Ber., 1886, 19, 1855, obtained a 30% yield of a product, m. p. 138°, 
by means of sodium acetate and acetic anhydride). On reduction with sodium amalgam in 
neutral solution below 15°, thienylpropionic acid was obtained in a yield of 98% ; m. p. 43—45°. 

8-2-Thienylpropionamide.—The acid (22 g.), dissolved in chloroform, was mixed with thionyl 
chloride (25 c.c.) and kept for 12 hours. On pouring into a solution containing 17 g. of sodium 
hydroxide and 385 c.c. of concentrated aqueous ammonia the amide separated, and more was 
extracted by chloroform from the mother-liquor; yield 90%, m. p. 99—100° (Found: S, 
20-3. C,H,ONS requires S, 20-7%). 

8-2-Thienylethylamine.—The above amide (19-5 g.) was dissolved by gentle warming in the 
solution obtained by passing the chlorine from potassium permanganate (7-7 g.) and hydrochloric 
acid into 300 c.c. of 10% aqueous sodium hydroxide. The solution was then heated at 70—75° 
for l hour. After addition of solid potassium hydroxide (77 g.) the mixture was heated at 80° 
for a few minutes. The resulting oil was separated, mixed with the benzene extract of the 
aqueous layer, and dried by refluxing with solid caustic potash. On fractional distillation 
5-5 g. of the amine distilled at 200—201°, and from the fractions distilling up to 200° and at 
201-—215° a further quantity was isolated.as hydrochloride, by addition of alcoholic hydrogen 
chloride to a solution in ether. After recrystallisation, 5-05 g. of amine hydrochloride were 
obtained, which with the free base amounts to a yield of 63% of the theoretical. §-2-Thienyl- 
ethylamine had b. p. 200—201°/750 mm. and d’™®™ 1-087 (§-phenylethylamine, b. p. 198°; 
d** 0-958). When exposed to air, it rapidly formed a solid carbonate. The hydrochioride 
formed prisms from dilute alcohol, m. p. 200—202° (Found: S, 19-7; Cl, 21-7. C,H,NS,HCl 
requires S, 19-5; Cl, 21-7%). 

The cyclisation of the amine, by the methods used by Becker and Decker (Amnalen, 1913, 
395, 342) to obtain tetrahydro/soquinoline derivatives from 8-phenylethylamine, was unsuccess- 
fully tried on a small scale. Treatment of thienylethylamine with formaldehyde and hydro- 
chloric acid gave a red.semi-solid, and heating the amine hydrochloride with formaldehyde 
alone at 130° gave a base which formed an amorphous solid picrate (the picrate of thienyl- 
ethylamine is liquid). Formylthienylethylamine, b. p. 187—189°/20 mm., heated with 
phosphorus pentachloride or pentoxide in boiling toluene or on the water-bath, gave a minute 
quantity of a colourless solid base. {-2-Thienylethyltrimethylammonium iodide had m. p. 
236—238°. 3: 4-Methylenedioxybenzylidenethienylethylamine formed prisms from alcohol, 
m. p. 57—58°. 

isoNitrosoacetothienone.—This was prepared from acetothienone (12-6 g.) by the method 
used by Claisen and Manasse (Ber., 1887, 20, 2194) for the acetophenone derivative. Yield, 
40%. It formed crystals from chloroform, m. p. 110—111°. On reduction with stannous 
chloride, as in the case of the corresponding benzene derivatives (Rupe, Ber., 1895, 28, 254), 
there was obtained 2-thienyl aminomethyl ketone hydrochloride, m. p. 215—218°; yield, 48% 
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(Found: Cl, 20-1. C,H,ONS,HCI requires Cl, 20-0%). The m. p. is more than 30° higher than 
that of the aminoacetuphenone hydrochloride, an unusually large difference; the substance 
moreover melted to a blood-red liquid, which almost at once resolidified and decomposed at 
235° without melting again. This behaviour may indicate the formation of a new substance, 
and the instability of the free amino-ketone made us abandon attempts to reduce it to 
an alkamine of the adrenaline type. 

For further experimental details, particularly on the preparation of thiophen, see the Ph.D. 
dissertation by A. P. T. Easson, Edinburgh, 1930. 


The cost of this investigation was partly defrayed by a grant from the Moray Fund of 
Edinburgh University. 


DEPARTMENT OF MEDICAL CHEMISTRY, UNIVERSITY OF EDINBURGH. 
[Received, November 5th, 1938.] 





400. The Resolution of n-Propylallylcarbinol. 
By R. ConspEen, D. I. DUVEEN, and J. KENYON. 


( — )-n-Propylallylcarbinol has been prepared, and a comparison made of its 
rotatory power and dispersion with those of the isomeric ( — )-n-propylpropenyl- 
carbinol. 


In the course of our investigation of the influence of unsaturation on the rotatory power 
and dispersion of secondary alcohols there have been prepared optically active n-propyl- 
propenylcarbinol (I) (Arcus and Kenyon, this vol., p. 312) and propenylallylcarbinol 
(II) (Duveen and Kenyon, Bull. Soc. chim., 1938,.5, 704). We now describe the preparation 
of optically active »-propylallylcarbinol (III). 
(l.) CHMe:CH-CHPr*-OH CHMe:CH-CH(OH)-CH,°CH:CH, (II) 
(I1l.) CH,:CH-CH,°CHPr*OH 


Fractional crystallisation of the brucine salt of dl-n-propylallylcarbinyl hydrogen 
phthalate yielded the brucine salt of (—)-n-propylallylcarbinyl hydrogen phthalate, from 
which were obtained successively (—)-n-propylallylcarbinyl hydrogen phthalate and 
(—)-n-propylallylcarbinol. The rotatory powers are given in Tables I—III. 


TABLE I. 


Specific Rotatory Powers of (—)-n-Propylallylcarbinyl Hydrogen Phthalate in Various 
Solvents at Room Temperature (1, 2). 


Solvent. . (a) sass- [a] sses- [a] 5780- [a] seex- [a]asss- 24358/5461- 
—21-5° —27:1° —28-0° —31-9° —57-4° 1-80 
— 25-8 26-8 30-8 55-2 1-76 
18-2 24-5 25-6 28-8 52-3 1-79 
18-5 21-6 22-9 26-0 45-7 1-76 
18-6 21-5 22-6 25-6 45-1 1-76 
— 16-3 16-6 18-8 33-6 1-80 


TABLE II. 
Rotatory Powers of (—)-n-Propylallylcarbinol. 


L. t. Oea38- 25 893° 25780 G5461° 45086 44800- 4358 
2-0 20-5° —7-21° —8-62° — 8-92° —9-96° —11-45° —12-77° —15-07° 
2-0 24 — 8-70 9-03 10-07 —— = 15-14 


Specific Rotatory Powers of (—)-n-Propylallylcarbinol at Different Temperatures (1, 0-5). 
t. a‘. 25780° @5461- 4358- [a] s780- [a] sae1- La}asss- @4358/25461- 
14° 0-8450 — 2-32° —2-52° —3-77° —5-49° —5-99° — 8-93° 
20-5 0-8388 2-23 2-49 3-77 5-32 5-94 9-00 
24 0-8366 2-26 2-52 3-79 5-30 6-03 9-06 
29 0-8326 2-39 2-64 3-91 5-74 6-34 9-40 
34-5 0-8280 2-39 2-63 3-94 5-77 6-35 9-52 
41 0-8224 2-39 2-61 3-91 5-81 6-35 9-51 
54-5 0-8114 2-36 2-60 3-91 5-82 6-41 9-64 
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TABLE ITI. 


Specific Rotatory Powers of (—)-n-Propylallylcarbinol in Various Solvents at Room 
Temperature (1, 2). 
Solvent. . [a] eass- [a] sses- [a] 5780- [a] sae: [a}asse- O4358/%5e61- 
— —13-1° —13-2° —14-9° — 24° 1-61 
— 78° 8-7 9-3 10-5 16 1-53 
_s 11-5 12-2 13-5 22-3 1-65 
— 6-85 7-62 8-40 12°5 1-49 


Rotatory Dispersion of (—)-n-Propylallylcarbinol—When 1/« is plotted against 2”, a 
straight line is obtained, which might suggest that the alcohol exhibits simple rotatory 
dispersion. On the other hand, the rotation data lead to the equation 


a = — 3-112/(a? + 0-01693), whence (for /, 2) we get : 


A. Gobs.- Gcalc.- Bobs. — calc. A. Gobs.+ cale.- obs. — Gealo.» 
6348 —7-21° —7-21° 0 5086 —11-45 —11-30° —0-15° 
5893 8-62 8-55 —0-07 4800 12-77 12-59 —0-18 
5780 8-92 8-87 —0-05 4358 15-07 15-03 —0-04 
5461 9-96 9-88 —0-08 


The value of 4)? = — 0-01693 is ‘‘ impossible,” 7.¢., 49 is imaginary, thus indicating 
that the dispersion is complex. 

The complexity is confirmed by the dispersion ratio having the value ca. 1-50, which 
is lower than the minimum value of 1-65 required for simple rotatory dispersions. The 
sensitivity of the dispersion ratio to solvent influence (Table III) lends further support 
to this view. 

As compared with (-+)--propylpropenylcarbinol, (—)-n-propylallylcarbinol is 
insensitive to the influence of temperature, thus showing the greater influence of a double 
bond in the «8-position to the asymmetric centre as compared with one in the By-position. 
The following comparisons are of interest : 


Rotatory Dispersion. 


HMe:CH:-CHPr*OH complex (Arcus and Kenyon, this vol., p. 312) 
H,-CH-CH,*CHPr-OH ,, (Present paper) 

H,-CH-CHPr-OH simple (Kenyon and Snellgrove, J., 1925, 127, 1169) 
H,-CMe-CH,*CHMe-OH complex (Kenyon and Young, this vol., p. 1452) 


EXPERIMENTAL. 


dl-n-Propylallylcarbinol.—Considerable difficulty was experienced in the preparation of this 
alcohol. The addition of »-butaldehyde (0-9 mol.) to allylmagnesium chloride resulted in 
very poor yields of the alcohol and the formation of much high-boiling material. Better yields 
were obtained by the procedure of Kipping and Davies (J., 1911, 99, 296), an ethereal solution 
of allyl chloride and n-butaldehyde being added very slowly to a well-stirred suspension of 
magnesium and ether. On one occasion the yield was as high as 65%, but was generally only 
about half this amount. The crude alcohol, b. p. 58—59°/18 mm., contained a variable amount 
of n-butanol (see below). 

dl-n-Propylallylcarbinyl hydrogen phthalate was prepared: by heating a mixture of the dl- 
alcohol (171 g.), phthalic anhydride (222 g.), and pyridine (120 g.) at 55—60° for 2hours. Next 
day the homogeneous mass was mixed with ether and cold dilute aqueous ammonia. The 
ammoniacal solution was acidified, and the precipitated oil extracted with ether and dried. 
The hydrogen phthalate (327 g.) was a semi-solid crystalline mass which, after spreading on 
porous earthenware, was allowed to crystallise slowly from carbon disulphide-light petroleum. 
After two recrystallisations and the systematic working up of the mother-liquors dl-n- 
propylallylcarbinyl hydrogen phthalate (234 g.) was obtained in crystalline plates, m. p. 39—40° 
(Found by titration with sodium hydroxide: M, 264. C,,H,,0, requires M, 262). 

From the mother-liquors considerable (10—20%) amounts of n-butyl hydrogen phthalate 
were obtained, m. p. 72-5° alone and when mixed with an authentic specimen. 

(—)-n-Propylallylcarbinyl Hydrogen Phthalate -—Anhydrous brucine (394 g.) was dissolved 
in a hot solution of the dl-hydrogen phthalate (262 g.) in acetone (14 1.). After removal of 
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the first crop of crystals, which separated overnight, the filtrate was concentrated, and a second 
crop of crystals obtained. Decomposition with acid of the second filtrate yielded partially 
active hydrogen phthalate (34 g.) with [a],.9, + 11-3° (i, 2; c, 5-0) in chloroform solution. 
Some eleven recrystallisations from acetone of the original crop of crystals were necessary 
before constancy of rotatory power was reached : this gave the brucine salt of (—)--propylallyl- 
carbinyl hydrogen phthalate (110 g.), needles, m. p. 137—140° (decomp.); [a]57—9 — 22-0°, 
[a] sae1 — 249°, [a]4353 — 46°7° (1, 2; c, 5-00) in chloroform solution. By decomposition with 
dilute acid this salt yielded (—)-n-propylallylcarbinyl hydrogen phthalate (43 g.), m. p. 39—40°, 
which separated from carbon disulphide and light petroleum in crystalline plates, m. p. 39—40°. 
The rotatory powers of the (—)-hydrogen phthalate—which were unaltered by its recrystallis- 
ation—are recorded in Table I. By systematic working up of the mother-liquors further amounts 
of pure brucine salt were obtained. Crystallisation of d + dl-hydrogen phthalate from various 
solvents effected but little alteration in its rotatory power and although this highly optically 
active material gave a crystalline salt with cinchonidine—the other common alkaloids gave 
gummy salts—it was far too soluble to be of service. 

(—)-n-Propylallylcarbinol_—The (—)-hydrogen phthalate (65 g.) was dissolved in a solution 
of sodium hydroxide (27 g.) in water (60 c.c.), and a current of steam passed. Extraction of the 
steam distillate yielded the (—)-alcohol (26 g.), b. p. 59—60°/20 mm., n}8° 1-4345. Rotatory 
powers are recorded in Tables II and III. 

Determinations of density were made in a pyknometer of just over l c.c. capacity: di 
0-8426, d??* 0-8384, d?* 0-8314, di?* 0-8260. 

A portion of the alcohol was reconverted into the hydrogen phthalate; this had [a] 595 
— 24-8°, [a]5ae6, — 29-2° (i, 2; c, 5-00) in benzene solution, thus showing that no racemisation 
occurred during the hydrolysis of (—)-n-propylallylcarbinyl hydrogen phthalate. 

(—)-n-Propylallylcarbinyl acetate, prepared by the action of acetic anhydride on a solution 
of the (—)-alcohol in pyridine, had b. p. 71°/23 mm., nj" 1-4216; asg93 — 14°35°, a5299 — 14°98°, 
&%5461 — 17-08°, a 435, — 29-5° (1, 0-5; ¢, 19°). Its odour was pleasant but slightly pungent 
(Found: C, 69-5; H, 10-5. C,H,,O, requires C, 69-2; H, 103%). 

(—)-n-Propylallylcarbinyl benzoate (5 g.), obtained by the addition of benzoyl chloride 
(4-3 g.) to a solution of the (—)-alcohol (3-4 g.) in pyridine (2-9 g.); had b. p. 147—148°/19 mm., 
ny” 1-5015; ase93 — 5°85°, &s709 — 6-03°, a54g, — 6°76°, a435, — 10-8° (i, 0-5; ¢, 18°) (Found: 
C, 76-6; H, 8-3. C,,H,,O, requires C, 77-0; H, 8°3%). 


Thanks are expressed to the Government Grants Committee of the Royal Society and to 
Imperial Chemical Industries, Ltd., for grants. 
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401. The Relation between the Force Constant, Internuclear Distance, 
and the Heat of Rupture of a LInnkage. 


By JoHN JacoB Fox and ALBERT EDWARD MARTIN. 


Values of the heats of rupture of C-H and C-C linkages are calculated on the 
assumption that all C-H linkages have very nearly the same heat of rupture. This 
assumption is justified by force-constant data obtained from spectroscopic observations. 

It is shown that a smooth curve is obtained by plotting heat of rupture and inter- 
nuclear distance for various C-C linkages, and in some simple cases thermochemical 
data may be used to determine internuclear distances. 


INVESTIGATIONS of infra-red absorption spectra of organic substances in the region of 
3 u (cf. Fox and Martin, Proc. Roy. Soc., 1938, A, 167, 257) have furnished values for 
force constants of various C-H and C-C linkages with some accuracy. It is of interest to 
apply these data to the determination of other molecular constants, such as the heat of 
rupture of a linkage, and the internuclear separation of the atoms concerned. Force 
constants for various linkages have been obtained from Raman and infra-red data by 
many workers. A detailed analysis of the molecular vibrations is necessary, such as that 
given by Thompson and Linnett (J., 1937, 1376) or by Glockler and Wall (J. Chem. Physics, 
1937, 5, 813). 
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Relation between Force Constant and the Heat of Rupture of a Linkage.—If the distance 
between two atoms is increased from the equilibrium value 7, to some other distance 7, the 
restoring force, F,, will be proportional to r — r, for very small displacements, so that 
F, = k (ry — r.), where k is the force constant. The energy, U, required for this extension 
is 4F,(r — r.) = $k(y — 7.)*. For large displacements this relation does not hold, but 
U will be some function of 7, say f(7), such that f(7,) = 0 and f( ) is the energy of dissociation 
of the linkage. The energy required to increase the distance from r to ry + dr is dU = 
f'(r)dr = F.dr, where F is the force tending to pull the atoms together. Now suppose that 
this restoring force F at the distance 7 is balanced by an applied force F; then the two 
atoms will be in equilibrium under these conditions, and if the distance 7 is again increased 
to ry + dr an extra restoring force, dF, will come into play and will be equal to k.dr, where 
k is the force constant appropriate to the distance 7 as already defined. This gives the 
relation k = dF /dr = d?U/dr?. 

This equation indicates the intimate connexion between force constant and energy 
of stretching of a linkage, and some calculations we have made show that it is possible 
to make at least approximate estimates of heats of rupture from the appropriate force 
constants. The values obtained for C-C linkages from thermal data depend on the value 
taken for the heat of atomisation of carbon, about which there is much discussion (cf. 
Kistiakowsky, J. Physical Chem., 1937, 41, 175; Herzberg, Herzfeld, and Teller, ibid., 
p. 325; Goldfinger and Jeunehomme, Trans. Faraday Soc., 1936, 32,1591; Berriman and 
Clark, Proc. Leeds Phil. Soc., 1938, 3, 465), but the energies calculated from the force 
constants do not require any knowledge of this quantity, so that the agreement between 
the heats of rupture calculated from force constants and from thermal data depends on the 
exact value chosen for the heat of atomisation. For the present purpose it is sufficient 
to take from the literature any available value for the heat of atomisation of carbon, say 
150 kg.-cals. per g.-atom, for which Sidgwick has calculated a considerable amount of data 
(‘‘ The Covalent Link in Chemistry,’’ 1933). We can obtain the corresponding values 
for the heats of rupture of the various C-C linkages, but to do this-it is of course necessary 
to know the values for different C-H linkages, and our calculations indicate that the 
differences are sufficiently small to be neglected. For example, the maximum difference 
in length for various C-H bonds, so far as they are known, is about 0-04 A., while the force 
constant varies from 5-88 x 10° (for C,H,) to 4-52 x 10° dynes per cm. (for >CH,) (Fox 
and Martin, Joc. cit.). If we imagine the C-H linkage in acetylene to be stretched until 
the internuclear distance is that found in compounds containing the >CH, group, but in 
such a way that the force constant always has the value appropriate to the internuclear 
separation at every point, then, taking an average force constant of 5-2 x 10° dynes per cm., 
we have for the energy difference $k(7, — 7,), 7, and 7, being the C—-H distances for the two 
linkages. This expression is equal to $ x 5-2 x 10° x (0-04)? x 1076 = 0-004 x 1071 
ergs ~ 600 cals. per g.-mol., and should represent a large part of the energy difference 
between these two C-H linkages. This difference in comparison with the total heat of 
rupture of a C-H linkage (~ 94 kg.-cals.) can for the present purpose be ignored. 

In Table I we give the values obtained for C-H and various C-C linkages. The C-H and 
the C-C single bond energies have been chosen to give as good agreement as possible with 
observations for the saturated paraffins, while the C-C bond energy for diamond is half 
the value taken for the heat of atomisation of diamond, since the energy to remove one 
carbon atom from the lattice is equal to the energy of rupture of 2 C-C linkages. The 
C=C and C=C energies are obtained from ethylene and acetylene respectively. For 
C,,—C,,. the mean value found from a few simple aromatic compounds is given. From 
Table I the heats of rupture can also easily be modified for any value of the heat of 
atomisation of carbon different from 150 kg.-cals. To show that these calculated values 
are of general application a few typical heats of formation are given in Table II. The 
observed values are from Sidgwick (0p. cit.) and are for hydrocarbons with normal inter- 
atomic distances. The importance of this proviso is seen from Fig. 1, in which the bond 
energy for various C-C bonds is plotted against the internuclear distance. Graphite 
provides a point on this curve, since the energy to free a carbon atom from the graphite 
lattice is 3C,,—C,,, where C,,—C,,, is the C-C bond energy of graphite, instead of 2 
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C-C in diamond; 3C,-C,,, must equal 2 C-C since the heats of combustion of diamond 
and graphite are the same within experimental error, and so Cy,.—Cy,, = 4C-C = 100 
kg.-cals. The internuclear distance in graphite is taken as 1-42 a. (cf. Finch and Wilman, 
Proc. Roy. Soc., 1936, A, 155, 345). The other C-C distances (in A.) are as follows: 
acetylene, 1-204, Herzberg, Patat, and Spinks, Z. Physik, 1934, 92, 87; ethylene, 1-33, 
Penney, Proc. Roy. Soc., 1937, A, 158, 306, from infra-red data of Badger, Physical Rev., 
1934, 45, 648; benzene, 1-40, Pauling and Brockway, J]. Chem. Physics, 1934, 2, 867, and 
Robertson (tetramethylbenzene), Proc. Roy. Soc., 1933, A, 142, 659; diamond, 1-54, 
calculated directly from density. 























































































































TABLE I. 
Heat of rupture on assumption that heat of atomisation of carbon is : 
Linkage. 150 kg.-cals. 150 + # kg.-cals. 
C-C (hydrocarbons) — .........ssseeeeeeee 71-8 71-8 + 4% 
Cl (GIARIOE) crccvccevccsccrescccccesoccees 75 75 +4 
Cy, Car, (Demzeme Tings) .........eeeeceees 105-3 105-3 + #* 
CHS GORGE) ccccnccccccccscccccccvccesccceees 125-1 125-1 + * 
CEC} (acetylemes) ...........cccccccccccee eon 161 161 + 1-5% 
C-H (all hydrocarbons) ..............+0+ 93-6 93-6 + f+ 
TABLE II. 
Heat of formation (kg.-cals.). 
Substance. Calculated. Observed. 
Ethane 6 C-H 561-6 
> 5S, 71.8 083-4 634-5 
mzene 561-6 
BCa.Cu, 631-8; 11994 1193-2 
Toluene 8 C-H 748-8 
1C-C 71-8 + 1452-4 1451-0 
6Cu-Cu,  631:8 
p-Xylene 10C-H 936-0 
2C-C 143-6 +1711-4 1712-7 
6 Cyr—Cor, 631-8 
Mesitylene 12 C-H 1123-2 
3 C-C 215-4 >1970-4 1975-3 
6Cu-Cur, 631-8 
Fic, 1. Fic. 2. 
170 
Cc 180 
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It should be noted that the general nature of our results in no way depends on the 
value chosen for the heat of atomisation of carbon, but of course absolute values are so 
dependent. 

Calculation of Internuciear Distances from Heats of Formation.—Where certain bonds 
in a molecule may be abnormal, it is not always safe to make calculations similar to those 
given above, but one can proceed differently in some simple cases and find the bond energy 
of the abnormal bond or bonds, and then from Fig. 1 find the internuclear distance for the 
bond. Examples are given below : 


Heat of formation of naphthalene 1881-5 
Heat of formation of 8 C-H 748-8 


This energy is required to break the 11 C-C bonds of naphthalene, so that the average 
energy per C-C bond is 103-0 kg.-cals., and from Fig. 1 this corresponds to an average 
internuclear distance of 1-41 A., in agreement with the X-ray measurement (cf. Robertson, 
Proc. Roy. Soc., 1933, A, 142, 674). 


Heat of formation of cyclohexane 1548-4) _. 
Heat of formation of 12 C-H 1193.9} Diff 425-2 


The energy per C-C linkage is 70-9, and this corresponds to a C-C distance of about 1-56 ., 
slightly greater than the C-C distance in diamond (1-54 A.).° 

Relation between Heat of Rupture of a Linkage and Bond Order.—In Fig. 2 we have plotted 
the heat of rupture for various C-C linkages against the bond order (1 for single bond, 2 for 
double bond, and 3 for triple bond). It will be seen that we obtain a smooth curve passing 
through the origin, i.¢., zero bond order corresponds with a linkage of zero energy. With 
regard to graphite and benzene, the bond order to be assigned to the C-C linkages is not so 
obvious as for the single, double, and triple bonds. If, for example, in graphite we imagine 


\Ditt 1132-7 


- the four valencies of carbon to be divided among the three bonds attached to each carbon 


atom in the hexagonal molecular sheet, then ignoring forces between the sheets we have a 
bond order of $, and similarly for benzene the value 3, but these values do not fit the curve 
very well. The reason is that for both graphite and benzene there is resonance between 
several bond structures leading to an increase of stability of the molecule and an enhance- 
ment of the bond order. Penney (Proc. Roy. Soc., 1937, A, 158, 306) has used the methods 
of quantum mechanics to calculate bond orders in molecules of this type and gives 1-45 
for graphite and 1-62 for benzene. These are almost exactly the values which one obtains 
from Fig. 2. 


GOVERNMENT LABORATORY, é, 
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402. The Electrochemistry of the Corrosion of Partly Immersed Zinc, 
By R. S. THORNHILL and VU. R. Evans. 


A new form of “‘ dielectrode ’”’ has been designed for determining the distribution 
of- cathodic and anodic areas on partly immersed metal. Zinc, if freshly washed 
with acid and immersed in n/1000-sodium chloride, suffers attack mainly along the 
‘meniscus foot’; the meniscus zone remains immune from corrosion for at least 
two weeks—provided evaporation and disturbance be avoided. Electrical measure- 
ments show (a) that all places where corrosion can be observed to be occurring are 
definitely anodic, suggesting that corrosion is wholly electrochemical, (b) that the 
cathodic reaction occurs almost entirely at the meniscus head—the place to which 
oxygen, a stimulator of the cathodic reaction, can be supplied most readily. Places in 
the lower part of the specimen which escape serious corrosion are not cathodic but 
neutral. 

Although in the present work the corrosion seems to be essentially connected with 
differential aeration currents, that should not be taken to mean that differential aeration 
is the sole cause of corrosion; many types of attack are known where this factor 
is entirely unimportant. 
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THE apparatus described recently (Thornhill and Evans, this vol., p. 614) for studying 
the corrosion currents around a scratch-line on iron is only adapted for corrosion by 
wet paper. An apparatus, based on a similar principle, has now been designed for speci- 
mens partly immersed in a dilute salt solution (the sensitivity falls as the solution be- 
comes more concentrated). Whereas the previous apparatus detected currents flowing 
parallel to the surface, the new apparatus detects normally flowing currents, so that the 
direction of the deflexion at once distinguishes anodic from cathodic areas. The present 
paper is confined to a qualitative study of the distribution of anodic and cathodic areas on 
zinc, and their movement with time. The special object was to ascertain whether or not 
the visual observation of corrosion at different points corresponds to the electrical observ- 
ation of anodic polarity. It is hoped to construct an apparatus for quantitative work later. 

It has long been known that, when a zinc (or iron) sheet is partly immersed vertically 
in a chloride solution, attack is soon observed at numerous points distributed sporadically, 
and spreads out from some of these points, so as to produce corroding areas a short way 
below the water-line. Most of the points situated very near the water-line (except at the 
cut edges) heal up, so that an immune zone is formed along the water-line, with the attacked 
zone below it. The cause of water-line immunity is generally attributed to the fact that 
alkali, the cathodic product, is preferentially found in the zone where oxygen, the cathodic 
stimulator, can be renewed most readily. Thus, whereas the zinc salts formed by anodic 
action in the lower parts must travel a considerable distance before being precipitated as 
hydroxide, any zinc salts formed momentarily in the upper part are precipitated by the 
excess of alkali in physical contact with the metal, thus stifling any further anodic attack ; 
it is well known that interference colours due to hydroxide films are visible in this region. 
These tints were originally regarded as due to oxide films (Evans, Ind. Eng. Chem., 1925, 
17, 366) and later as due to hydroxide films (Fernsides, quoted by Evans, J., 1929, 111) 
produced through the agency of cathodically formed alkali. Bengough and Wormwell _ 
(Proc. Roy. Soc., 1933, A, 140, 402; J. Soc. Chem. Ind., 1937, 56, 352T) have found that 
neither on zinc nor on iron does water-line immunity persist indefinitely; after 72 days 
in N/2-sodium chloride, a zinc specimen suffered perforation at the water-line. Pitting 
along the water-line was later noticed by Borgmann and Evans (Trans. Electrochem. 
Soc., 1934, 65, 257); on sheet specimens it was much more marked in 2N- and N-potassium 
chloride than in n/10- and N/100-solutions-—a matter deserving notice, since the present 
experiments were carried out at N/1000-concentration. 

Owing to the curvature of the water surface, the term ‘ water-line’’ is somewhat 
vague, and the terms “‘ meniscus head,” “‘ meniscus zone,’’ and ‘‘ meniscus foot ’’ will be 
used below (these terms are defined graphically at the right-hand bottom corner of Fig. 2, 
p. 2113). Since, on etched zinc; the alkali formed in the meniscus zone creeps up the 
previously dry portion (forming a damp “ creep-zone ”’), the meniscus head ultimately 
becomes less sharply defined than the meniscus foot, but is taken as 2 mm. above the 
latter. 


‘ , 


Preparation of Specimens.—The zinc sheet used was 0-4 mm. thick and contained 0-01% 
Cu, 0-:01—0-02% Pb, 0-005% Fe, 0-007% Cd, and a trace of silver. Our thanks are due to 
Dr. Moore and Dr. Brownsdon for the presentation and rolling of this material. It was abraded 
with Hubert emery paper No. 3, and cut into specimens 2 x 2 cm., which were washed with 
acetone, stored in a desiccator for over a week, mounted on celluloid, which was subsequently 
waxed as described elsewhere (Chem. and Ind., 1938, 593), and replaced in the desiccator 
for one day. The surface was etched just before use with n-sulphuric acid for 3 minutes, then 
washed with water and dried. The acid etching was necessary to remove the oxide film. If 
it was omitted, the corrosion (in the dilute solution employed) was slight, localised, and 
irreproducible in distribution. 

The steel used in certain subsidiary experiments contained 0-115% C, 0-045% Si, 0-020% 
S, 0-072% P, 0-350% Mn, 0-050% Cr, and a trace of nickel; this was abraded, but not etched 
with acid. 

Experiments without Electrical Measurements.—Twelve specimens of zinc, etched as above, 
were allowed to corrode in n/1000-sodium chloride in the cells described elsewhere (ibid.), which 
permit access of air without evaporation of liquid. The cells were placed in a thermostat at 
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25-0°, and were dismantled—one at a time—after periods of 1, 2, 4, 8, 16, 32, and 44 days 
severally. The sequence of specimens thus obtained constituted a narrative of events. In the 
early stages, the specimens showed a white line at, or just below, the meniscus foot, which 
gradually passed into definite pits covered with loose white matter; the meniscus zone itself 
was quite unattacked. On the 32-day specimen the attack was still strongest close to the menis- 
cus foot, but it had begun to extend further down; the meniscus zone was here completely 
immune, in contrast to the creep zone which was slightly darkened. On the 44-lay specimen 
the immune zone was present, but was interrupted by microscopic etched streaks (actually, their 
commencement could be observed in the 16-day specimen). During the later stages the usual 
white mantle was observed growing out at right angles to the metal along the boundary of 
corroded and uncorroded zones. These experiments proved that: (1) The appearance of adher- 
ent white matter can be taken as the first sign of corrosion occurring on the site in question (this 
is not self-evident, since zinc hydroxide might be formed from the products of corrosion occur- 
ring elsewhere; in fact, non-adherent gelatinous hydroxide, which did not indicate the presence 
of corrosion at the point where it happened to be resting, was often encountered). (2) Under 
stagnant, thermostatic conditions, the distribution of attack on acid-washed specimens shows 
a satisfactory reproducibility. 

A few experiments were carried out with zinc not washed with acid. Eight specimens were 
abraded with Hubert emery paper No. 3 and washed with acetone; four were introduced 
into n/1000-sodium chloride 5 minutes after preparation, and others were kept in a desiccator 
for 10 days before the experiment. On the first day the freshly abraded specimens showed 
temporary breakdown at the meniscus head, which, however, soon ceased to develop; this 
early water-line attack was absent on the specimens pre-exposed to air for ten days, although 
these showed water-line breakdown after 3 days. After 82 days there was no very marked 
difference between the two sets; corrosion was irregular, and, being still localised in patches, 
was somewhat intense. The specimens still showed an extensive but interrupted unattacked 
zone below the water-line, in some cases extending several mm. below the meniscus foot, with 
intense corrosion at the lower boundary of this immune area; on five specimens the corroded 
area extended up to the meniscus head at points. A corresponding set of mild-steel specimens 
showed no localisation of attack; the corroded area covered the greater part of the specimen and 
at points reached the meniscus head; the immune zone 
extended a few mm. downwards from the water-line Fic. 1. 
with interruptions in places, 

Other experiments were conducted on six similar 
specimens of zinc not washed in acid, corroded in 
n/2-sodium chloride solution. Three of the vessels 
were tipped up slightly once a day so as to wet the zinc 
above the water-line; the others were left undisturbed. Fi: 
The specimens in the first case showed water-line ; 
breakdown after 20 days, but the others did not show 
it until 70 days; on one of these, the water-line was 
still immune after 80 days. An analogous set of steel 
specimens in n/2-sodium chloride still showed a large 
immune zone just below the water-line after 80 days, 
whether tipped or not. 

Electrical Apparatus.—The new form of “ dielec- 
trode ’’ (Fig. 1) consists of two silver/silver chloride half- 
cells side by side, enclosed in a waxed celluloid frame, and 
attached to a celluloid strip, up which the two silver aS 
electrodes extend, making contact at the top with : 
flexible wires leading to a Weston galvanometer 
(1 division = 25 x 10° amp.). The celluloid strip is 
attached to the supporting stand by a triple-screw 
arrangement, similar to that described elsewhere (ibid.) =~ 
but 0 slow travel in three (instead of two) Compart mente contauanng saturated 
directions at right angles. The half-cells contain _ Sodium chloride and silver chloride. 
saturated sodium chloride, with solid sodium chloride 
present, and a few drops of silver nitrate are added just before sealing. From each half-cell 
extends a bent glass tubulus drawn out to a blunt point 1 mm. in internal diameter. When 
moved forward so that the end of one tubulus just touches the zinc surface, the end of the 
6uU 
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other is 8 mm. distant. A needle pointer attached to the travelling parts moves over a scale 
of squared paper, and enables the exact position where the tubulus will touch the zinc to be 
adjusted before the movement at right angles to the zinc surface is commenced; the slowness 
of travel minimises stirring and disturbance of.corrosion products. All solutions must be 
boiled before the experiment; otherwise, bubbles appear in the tubuli and add greatly to 
the resistance. 

The zinc specimens are fixed in a waxed celluloid trough with a glass front, and, after being 
washed with acid, are immersed to a depth of 1-2 cm. in freshly boiled n/1000-sodium chloride. 
The trough is covered with a lid, and, although a slit must be provided for the movement of 
the strip supporting the dielectrode, a second lid attached to the latter enables the vessel 
to be completely enclosed when not in use. 

When the dielectrode is far from any corroding surface, the element 


Satd. NaCl Satd. NaCl 
AB Sata. Agci| ¥/1000-Nacl | cota: agci|A8 


being symmetrical, can furnish no current. When one tubulus is brought into contact with 
a corroding surface, the difference of potential between the mouths of the tubuli destroys the 
symmetry, and a current is registered, the direction of which indicates whether it is in contact 
with an anodic or a cathodic area (a fact verified by using the apparatus on a compound speci- 
men consisting of copper and iron). The proportion of current diverted through the galvano- 
meter will be greatest when the liquid in the trough is dilute and that in the dielectrode con- 
centrated; hence the choice of concentrations indicated above. Provided that the end 
is not in contact with a point-anode or point-cathode, or with the creep zone, the deflexion will 
be approximately proportional to the local magnitude of the current density. If current flow 
were exclusively normal to the surface, it would be possible to calibrate in a cell fed with known 
currents and then to determine the absolute strength of the current density at any position 
on a corroding specimen, without the differentiation process needed in the case of the earlier 
apparatus (Evans, Nature, 1935, 186, 792). Actually, however, corrosion currents often tend 
to diverge from (or converge upon) “‘ point-anodes ”’ or “‘ point-cathodes,”’ and at such places 
the reading would be too low, whilst, on the “‘ creep zone ” above the water-line, it would be too 
high. 
Another cause of inaccuracy is the local rise in concentration due to diffusion from the tubuli; 
for both these reasons the present results must be regarded as qualitative. 

Altogether 10,000 electrical readings were taken; as the observations were mutually con- 
sistent, the results can be summarised briefly. 

Experiments with a Series of Specimens undisturbed until the Time of Reading.—A large 
number of specimens were partly immersed in the solution, and left undisturbed until the 
moment arrived for an electrical survey. By carrying out surveys on different specimens 
after different periods of immersion, a complete electrical narrative was constructed. The 
usual procedure was to bring the exploring tubulus opposite a point on the lower edge of the 
zinc specimen (about 1 cm. away), then to screw it inwards until it touched the surface, take a 
reading, and screw it away again; the procedure was repeated at numerous points (0-5 mm. 
apart) on the vertical line above the original point. Typical examples of the distributions after 
different periods are shown in Fig. 2, where readings to the right represent cathodic currents, 
and those to the left anodic currents. The distribution beyond 18 hours is not shown as it 
remained practically the same for several days. 

In all experiments where the portion above the water-line was not intentionally wetted before 
the experiment started, the main cathodic area was found close to the meniscus head throughout 
the whole experimental period (16 days); this area remained quite uncorroded. The main 
anodic area was at‘first at the meniscus foot, then after about 3 hours it passed lower down, 
usually reaching the bottom of the specimen after about 5 hours, and then returned after about 
18 hours to the meniscus foot, where it remained for several days. Anodic readings continued 
at the meniscus foot throughout the period, but the maximum reading was about 1 mm. below 
the foot after 8 days and 2 mm. below it after 16 days. The persistently anodic zone just below 
the meniscus foot corresponded to the line of intense corrosion already mentioned, whilst the 
tendency for the maximum reading to descend corresponded with the movement of the etched 
area downwards; the places near the bottom of the specimen, which became temporarily 
anodic between the 3rd and the 18th hour of the first day, developed white matter during that 
short period, but corrosion ceased to develop at these places when the anodic area had 
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returned to near the meniscus foot.. The close correspondence between the electrically-observed 
anodic aveas and the visually observed attack suggests that the corrosion is wholly electrochemical. 

In all experiments, the main cathodic area lay above the main anodic area. Much of the 
lower part of the specimen suffered little or no attack; electrical measurements, however, 
showed these areas to be not cathodic but neutral. Specimens which were wetted before the 
experiment above the water-line by means of a strip of filter-paper developed a cathodic area 
on the wetted zone; the anodic area then occurred where the meniscus head would otherwise 
have been. 
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The distribution of cathodic and anodic areas appears to be determined mainly by differential 
aeration. On the specimens not wetted above the water-line before the experiment, the catho- 
dic area is at the meniscus head—the only place which oxygen can reach without passing through 
a sensible thickness of liquid. The surface layer of any liquid forms a barrier through which 
only the most rapidly moving molecules can pass; according to Miyamoto and’ Kaya (Bull. 
Chem. Soc. Japan, 1930, 5, 135), a water surface at 25° admits only one in 6,000,000 impinging 
molecules of oxygen. Many physicists consider that the surface layer of a liquid possesses an . 
orientated quasi-crystalline character, but probably the orientation will become confused where rr, 
the three phases, metal, liquid, and gas, come together, facilitating the passage of gaseous ; 
molecules. This fully explains why the cathodic reaction is largely concentrated at the meniscus 
head. 

For the anodic attack, two sets of points will compete : (a) those situated along the meniscus 
foot, the region nearest to the main cathode (within the meniscus zone itself the supply of 
alkali is likely to be too high for anodic attack to develop), and (b) any points lower down where 
the physical structure is sufficiently loose to shift the potential in the anodic direction. 

The electrolytic resistance of a path joining the (b) points to the main cathode will be some- 
what higher than that of the path joining the (a) points, but this may be compensated for by 
the higher E.M.F. given by the (b) points. It is well known that attack at such areas requires 
a little time for this development, since the removal of the first atoms in the loose structure 
will facilitate the removal of other atoms around them. Thus it is easy to understand that, 
at the outset, most of the anodic attack will be directed upon the meniscus foot; later it will 
be directed mainly on any physically loose areas in the lower part of the spécimen, and finally, 
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when the supply of unstable matter on these areas has been exhausted, it will return to the 
meniscus foot, and remain in that neighbourhood indefinitely, thus minimising the resistance 
of the cell. 

Clearly, the period during which attack will continue on the lower portions of the specimen 
will depend on the quantity of disorganised matter remaining, but may also be affected by the 
conductivity of the liquid; high conductivity will favour attack at a distance from the cathode. 
Thus in the experiments on specimens not washed with acid, marked corrosion on the lower 
regions continuing for several days was noted, especially those conducted in the more con- 
centrated (N/2) solution. 

Experiments with a Succession of Readings made on a Single Specimen.—In certain early 
experiments, readings were taken at different times on the same specimen, frequently four 
different vertical lines being explored. It was found that the movement of the tubulus to the 
surface modified the subsequent distribution of attack, and such experiments do not show the 
electrical history of an undisturbed specimen. Nevertheless, these experiments gave one 
instructive result. 

When the tubulus was moved upwards over the cathodic zone at the meniscus, carrying 
up water and rendering the zone above definitely wet, then the part above the meniscus became 
cathodic, and the meniscus zone itself became anodic, as was shown both electrically and by the 
appearance of local water-line attack. Although this type of water-line attack is due to dis- 
turbances (either the wetting of the metal above the meniscus or the increase of sodium chloride 
concentration within the meniscus), the electrical observation may subsequently prove helpful in 
explaining certain cases of naturally occurring attack at the meniscus head. The fact that, even 
after the initiation of water-line attack, the cathode remains above the anode, suggests that, 
in certain cases described in previous work, where early water-line immunity is replaced later 
by water-line attack, the two stages may have been merely two different aspects of the same 
phenomenon, the only difference being that the level of the line separating anodic and cathodic 
areas has moved slightly upwards. This is certainly not the explanation of all types of water-line 
attack, which are clearly diverse in character (Evans, Chem. and Ind., 1936, 210). 


We wish to express thanks to the Department of Industrial Research for the grant which 
enabled this investigation to be carried out, and to the Iron and Steel Institute for general 
support of the Corrosion Research at this University. 
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403. The Chlorination of 2-Thiolbenzoic Acid. 
By L. E. Hart, E. W. McCLeLianp, and (in part) F. S. FowKes. 


Chlorination of 2-thiolbenzoic acid and condensation of the product (IV) with 
aryl sulphonamides yields benzisothiazolone oxides, the structure of which is 
deduced from their reactions. When the chlorination is effected in presence of ferric 
chloride, the product obtained reacts with water to give chlorodithiobenzoic acids 
and chlorobenzoic acids and condenses with ammonia and acetamide to give chloro- 
benzisothiazolones. The mechanism of the chlorination of 2-thiolbenzoic acid is 
discussed. 


Tue product obtained by chlorination of 2-thiol- or 2 : 2’-dithio-benzoic acid (compare 
Price and Smiles, J., 1928, 2858) reacts with aryl sulphonamides to give benzisothiazolone 
oxides (I; R = C,H,*SO,, #-C,H,Me’SO,) and with acetamide to give the corresponding 
acetyl derivative “dL; R= == Ac). 


SO-OH SCcl SCl, 
and Sun OK CoH cat 0 
ene CO-NH-SO,R CO,H 
CO 
(I.) (II.) (III.) ors ) 


The structure assigned to these compounds is based on the following reactions. Oxid- 
ation of the benzenesulphonyl compound (I; R = C,H,*SO,) gives a small amount of N- 
benzenesulphonyl-o-benzoicsulphinide and benzenesulphonamide, and the acetyl derivative 
(I; R= Ac) yields o-benzoicsulphinide. Alkaline hydrolysis of the benzenesulphonyl 
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compound gives a sulphinic acid, evidently (II; R = C,H;), since successive treatment 
with mercuric chloride and hydrochloric acid eliminates the sulphino-group (Peters, Ber., 
1905, 38, 2567; Kharasch and Chalkley, J. Amer. Chem. Soc., 1921, 48, 607) and yields 
N-benzoylbenzenesulphonamide. The acetyl compound (I; R = Ac) on hydrolysis with 
acid or alkali gives a mixture of o-carboxybenzenesulphinic acid and 2 : 2’-dithiobenzoic 
acid. Elimination of the acetyl group by heating with water gives the benzisothiazolone 
oxide (I; R = H), which on reduction yields 2-thiolbenzamide, identified as the corres- 
ponding disulphide. 

It has been shown (Price and Smiles, loc. cit.) that chlorination of 2-thiol- or 2 : 2’- 
dithio-benzoic acid gives the S-dichloro-anhydride (IV). The formation of this was attri- 
buted to loss of hydrogen chloride from the o-chlorothiol (III), presumably formed by 
fission of the disulphide, and subsequent addition of chlorine to the sulphenic anhydride 
(VI). Recent work on the dismutation of disulphides (McClelland and Warren, J., 1930, 
1095; D’Silva and McClelland, J., 1932, 2883; Bartlett and McClelland, J., 1934, .818) 
suggests a more direct mechanism, not involving the formation of an o-chlorothiol; namely 
dismutation (a) of the disulphide and addition of chlorine to the dismutation product 
(VI), accompanied by oxidation of the thiol (V) to disulphide with consequent completion 
of the reaction. 





Cl, 
Y | , SCl 
_ (a) H 
cl = CoH + cH So CoH yo Cl 
CO,H), 0,H <b CO 
(V.) (VI.) (VII.) 
el. S 
— cl S . 
CHK So Cl R cl NR 
Ww 0,H O,H | hy 
(VIII) (IX.) (X.) (XI) 


The formula (VII) instead of (IV) is suggested for the dichloro-compound. The reaction 
of such a dichloro-compound with sulphonamides and amides to give the benzésothi- 
azolone oxides (I; R = ArSO,, Ac) can be adequately accounted for by formation of the 
sulphilimine (VIII) and its subsequent rearrangement (VIII —~> I). 

Chlorination of 2-thiol- or 2 : 2’-dithio-benzoic acid in presence of ferric chloride and 
treatment of the product with water yielded a dichloro-2 : 2’-dithiobenzoic acid (X; 
R = Cl, R’ = H), 3-chlorobenzoic acid, and 3: 5-dichlorobenzoic acid. The formation 
of these compounds is attributed to the intramolecular rearrangement of the dichloro-com- 
pound (VII) to the chlorothiol (IX). This, reacting with water, gives an unstable sulphenic 
acid (IX; SCl = S‘OH), which yields the dichloro-2 : 2’-dithiobenzoic acid (X; R = Cl, 
R’ = H) and the sulphinic acid (IX; SCl= SO,H). The latter by elimination of sulphur 
dioxide gives 3-chlorobenzoic acid. The formation of 3 : 5-dichlorobenzoic acid indicates 
that dichlorination takes place to some extent. This was confirmed by the isolation of a 
tetrachloro-2 : 2’-dithiobenzoic acid (X; R= R’ = Cl) when chlorination was effected 
at a higher temperature. 

The dichloro-2 : 2’-dithiobenzoic acid (X; R= Cl, R’ = H) was oriented by con- 
densing it with ethyl acetoacetate (compare Smiles and McClelland, J., 1921, 119, 1810). 
The product was 5-chloro-3-hydroxy-l-thionaphthen, identical with that obtained by 
cyclisation of 4-chlorothioglycollic acid (compare Auwers and Thies, Ber., 1920, 58, 2285). 
The disulphide is thus 5 : 5’-dichloro-2 : 2’-dithiobenzoic acid. Reduction of the disulphide 
gave the corresponding thiol (m. p. 193°), evidently 5-chloro-2-thiolbenzoic acid. Krishna 
and Singh (J. Indian Chem. Soc., 1927, 4, 291), by heating 4-chlorothiophenol with 
carbon tetrachloride, obtained a material which on reduction gave a substance (m. p. 
110°) which they suggested was 5-chloro-2-thiolbenzoic acid, but no proof of orientation 
was given. The isolation of 3: 5-dichlorobenzoic acid indicates that the tetrachloro- 
disulphide (X; R = R’ = Cl) is 3: 5:3) : 5’-tetrachloro-2 : 2'-dithiobenzotc acid. 
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When the product of chlorination of 2-thiol- or 2 : 2’-dithio-benzoic acid in presence 
of ferric chloride was treated with ammonia, the aminothiol (IX; Cl = NH,) and the 
benzisothiazolone (XI; R =H) were obtained. The production of the aminothiol is in 
accord with the formation of the chlorothiol (IX). Substitution of acetamide for ammonia 
yielded the N-acetylbenzisothiazolone (XI; R = Ac) together with the benzisothiazolone 
(XI; R=H). The former was also obtained by direct acetylation of (XI; R= H). 
No evidence of the formation of an O-acetyl derivative was obtained. 

N-Benzenesulphonyl-o-benzoicsulphinide, which was required for comparison in the 
foregoing experiments, was obtained by treating the silver salt of o-benzoicsulphinide with 
benzenesulphonyl chloride. When o-benzoicsulphinide was treated with benzene- or 
toluene-sulphonyl chloride in presence of pyridine, the O-derivatives were obtained. 
N-Benzenesulphonyl-o-benzoicsulphinide undergoes ring fission to 2-N-benzenesulphonyl- 
carbamylbenzenesulphonic acid (II; R=C,H;, SO,H = SO,H) on heating with alkali, 
whereas the O-derivatives yield o-benzoicsulphinide. 


EXPERIMENTAL. 


2-Keto-1-benzenesulphonyl-1 : 2-dihydrobenzisothiazole S-Oxide (1; R = C,H,*SO,).—Chlorine 
was passed through a suspension of 2-thiolbenzoic acid (15 g.) in.carbon tetrachloride (150 c.c.) 
until solution was complete. After removal of the free chlorine by bubbling nitrogen, the 
solution was added gradually to a solution of benzenesulphonamide (15 g.) in pyridine (27 c.c.). 
The product was poured into an excess of hydrochloric acid (2N), and the solid collected. The 
substance crystallised from acetic acid in colourless plates, m. p. 182°. Yield, 65% (Found : 
C, 50-6; H, 3-1. C,3;H,O,NS, requires C, 50-8; H, 3-0%). The substance (4 g.) in acetic 
acid (40 c.c.).and hydrogen peroxide (2-3 c.c., 90/100 vol.) was heated for 45 minutes at 100°. 
The solid obtained by addition of water, after crystallisation from alcohol, had m. p. 202° 
alone or mixed with N-benzenesulphonyl-o-benzoicsulphinide. The mother-liquor on concentra- 
tion and neutralisation yielded benzenesulphonamide. 

A solution of 2-keto-1-benzenesulphonyl-1 : 2-dihydrobenzisothiazole S-oxide (1 g.) in warm 
sodium hydroxide (2N) was cooled and acidified, and the precipitated material collected and 
dried. This material gave with anisole in sulphuric acid (Smiles and Le Rossignol, J., 1906, 
89, 696) a blue coloration which faded on addition of an excess of anisole, and was evidently the 
sulphinic acid (II; R= Ph). It was dissolved in sodium hydroxide (2n), and the solution made 
faintly acid with sulphuric acid, boiled, and treated with a boiling aqueous solution of mercuric 
chloride (1 g.). The resulting precipitate was collected and refluxed with alcoholic hydrochloric 
acid for 30 minutes. The material which separated from the filtered solution on cooling, after 
purification from alcohol, had m. p. 147° alone or mixed with N-benzoylbenzenesulphonamide 
prepared by Wallach’s method (Annalen, 1882, 214, 193). 

2-Keto-1-p-toluenesulphonyl-1 : 2-dihydrobenzisothiazole S-oxide (I; R = p-C,H,Me-SOQO,), 
prepared in a similar way to the benzenesulphonyl analogue, crystallised from acetic acid 
in colourless plates, m. p. 179° (Found: C, 52-2; H, 3-5; S, 20°56. C,,H,,O,NS, requires 
C, 52-3; H, 3-5; S, 20-0%). 

2-Keto-1-acetyl-1 : 2-dihydrobenzisothiazole S-oxide (I; R = Ac), prepared by substituting 
acetamide for the sulphonamide in the foregoing preparations, crystallised from alcohol in 
colourless prisms, m. p. 150° (Found: C, 51-3; H, 3-2. C,H,O,NS requires C, 51-6; H, 3-4%). 
A solution of the substance (0-5 g.) in acetic acid and hydrogen peroxide, heated at 100° for 
30 minutes, gave, on dilution with water, o-benzoicsulphinide. Hydrolysis of the material 
by boiling sodium hydroxide (2N) or hydrochloric acid (2N) gave a mixture of 2-carboxybenzene- 
sulphinic acid and 2: 2’-dithiobenzoic acid. Heated with water at 100° until solution was 
complete, it gave 2-keto-1 : 2-dihydrobenzisothiazole S-oxide (I; R =H), which crystallised 
from water in colourless needles, m. p. 159° (Found: C, 50-3; H, 3-3. C,H,O,NS requires 
C, 50-3; H, 30%). 2-Keto-1 : 2-dihydrobenzisothiazole S-oxide, on reduction with zinc in 
acetic acid and hydrochloric acid, gave on standing 2: 2’-dithiobenzamide. 

Chlorination of 2-Thiolbenzoic Acid: 5: 5'-Dichloro-2 : 2'-dithiobenzoic Acid (X; R = CI, 
R’ = H).—An intimate mixture of 2-thiolbenzoic acid (25 g.) and finely powdered anhydrous 
ferric chloride (1-25 g.) was suspended in carbon tetrachloride (200 c.c.), and chlorine passed 
until solution was almost complete. After removal of the free chlorine the liquid was filtered 
and extracted with twice its volume of water. The extract was made alkaline with ammonia, 
boiled until acidification no longer gave a sticky material, and filtered. The filtrate was 
acidified, and the precipitated material extracted with boiling water (3 : 5-dichlorobenzoic acid 
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and 3-chlorobenzoic acid were isolated from the aqueous extract). The residue crystallised 
from alcohol in colourless prisms (11 g.), m. p. 316—320° (decomp.) (Found: C, 44-9; 
H, 2-5; Cl, 18-9. C,,H,O,Cl,S, requires C, 44-8; H, 2-1; Cl, 18-9%). 

5-Chloro-2-thiolbenzoic Acid.—The above disulphide (3 g.) in acetic acid containing a few 
drops of concentrated hydrochloric acid and zinc dust (3 g.) was refluxed for 1} hours. The solid 
precipitated by addition of water to the filtered solution crystallised from benzene in yellow 
needles, m. p. 193° (Found: S, 16-5. C,H,0,CIS requires S, 17-0%). 

Ethyl acetoacetate (0-6 g.) was slowly added with stirring to a suspension of 5 : 5’-dichloro- 
2: 2’-dithiobenzoic acid (0-5 g.) in concentrated sulphuric acid (10 g.) kept at 55° for 2 hours. 
The product was poured on ice, and the solid collected and distilled in steam in presence of 
sulphuric acid. After crystallisation from alcohol it had m. p. 99—100° alone or mixed with 
authentic 5-chloro-3-hydroxy-1-thionaphthen, prepared by heating 4-chlorophenylthioglycollic 
acid (1 mol.) with phosphoric oxide (1 mol.) at 140—150° for 1 hour, boiling the product with 
sodium hydroxide (2n), filtering and acidifying the solution, and distilling the product in steam. 

3:5: 3’: 5’-Tetrachloro-2 : 2'-dithiobenzoic Acid (XK; R = R’ = Cl).—Chlorine was passed 
into a-boiling suspension of 2-thiolbenzoic acid (7 g.) and ferric chloride (0-35 g.) in carbon tetra- 
chloride (70 c.c.) until absorption ceased. The liquid was filtered and evaporated to dryness, 
and the oily residue heated with water. The resulting solid crystallised from acetic acid in 
yellow plates (4 g.), m. p. 263° (Found: C, 38-0; H, 1-5; S, 14-6; Cl, 31-7. C,,H,O,Cl,S, 
requires C, 37-8; H, 1-4; S, 14-4; Cl, 31-9%). 

Reactions of the chlorimation product. (i) With ammonia. Dry ammonia was passed into 
a solution obtained by chlorinating 2-thiolbenzoic (10 g.) and ferric chloride (0-5 g.) in carbon 
tetrachloride (80 c.c.). The product was poured into hydrochloric acid (2N), and the solid 
collected. It was fractionally crystallised from alcohol, the first fractions yielding 4-chloro-2- 


hketo-1 : 2-dihydrobenzisothiazole (KI; R =H) (2-3 g.), colourless needles, m. p. 259—261°, _ 


giving a purple coloration with alcoholic ferric chloride [Found: C, 45-2; H, 2-2; S, 17-2 
(Schoeller); M, 190. C,H,ONCIS requires C, 45-3; H, 2-2; S, 17-°3%; M, 185], the latter 
fractions yielding 5-chloro-2-aminothiolbenzoic acid (IX; SCl = S‘NH,) (0-9 g.), colourless 
needles, m. p. 199° (Found: C, 41-4; H, 2-8. C,H,O,NCIS requires C, 41-3; H, 3-0%). 

(ii) With acetamide. Acetamide (4 g.) in pyridine (18 c.c.) was added gradually to a chlorin- 
ated solution of 2-thiolbenzoic acid—ferric chloride prepared in the usual way. The product 
which separated was collected, washed with hydrochloric acid (2Nn), and fractionally crystallised 
from alcohol, yielding from the first fractions 4-chloro-2-keto-1 : 2-dihydrobenzisothiazole 
and from the latter fractions 4-chloro-2-keto-1-acetyl-1 : 2-dihydrobenzisothiazole (XI; R = Ac) 
(1-75 g.), which was also obtained when 4-chloro-2-keto-1 : 2-dihydrobenzisothiazole (0-5 g.) 
was refluxed with acetic anhydride (20 c.c.) for 45 minutes. The required material separated 
on cooling and crystallised from alcohol in colourless plates, m. p. 175—176° [Found : C, 47-4; 
H, 2-8 (Schoeller). C,H,O,NCIS requires C, 47:5; H, 2-7%]. 

N-Benzenesulphonyl-o-benzoicsulphinide.—The silver salt (5 g.) of o-benzoicsulphinide was 
heated in a sealed tube with benzenesulphony] chloride (3 c.c.) for 2 hours at 180°. The required 
product, obtained by extraction with hot alcohol, crystallised from alcohol in colourless prisms, 
m. p. 202° (Found: C, 48-3; H, 3-1. C,,;H,O,;NS, requires C, 48-3; H, 28%). The substance 
(0-5 g.) was boiled with sodium hydroxide (2N) for 1 hour. The material obtained on acidifica- 
tion, after purification by salting-out from an aqueous solution with concentrated hydrochloric 
acid, formed colourless prisms, m. p. 209—212° [Found: C, 45-5; H, 3-15. C,3;H,,O,NS, 
(II; R= C,H,;, SO,H = SO;H) requires C, 45-7; H, 3-2%]. 

O-Benzenesulphonyl-o-benzoicsulphinide.—o-Benzoicsulphinide (5 g.) in pyridine (20 c.c.) 
and benzenesulphonyl chloride (4-5 c.c.) were shaken at room temperature for 40 minutes. 
The mixture was poured into hydrochloric acid (2N); the precipitated solid crystallised from 
acetic acid in colouriess needles, m. p. 249° (Found: C, 48-1; H, 2-7. C,sH,O,;NS, requires 
C, 48-3; H, 28%). On heating with aqueous sodium hydroxide, it gave o-benzoicsulphinide. 

O-p-Toluenesulphonyl-o-benzoicsulphinide, prepared in a similar way, crystallised from 
acetic acid in colourless needles, m. p. 252° (Found: C, 49-5; H, 3-1. C,,H,,O;NS, requires 
C, 49-8; H, 3-3%). Heating with sodium hydroxide gave o-benzoicsulphinide. 
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404. Chalkones. Synthesis of 1-p-Alkoxyarylidene-5 : 6-benzo- 
coumaran-2-ones. 


By A. P. KHANOLKAR and T. S. WHEELER. 


1-Hydroxy-2-naphthyl ~-alkoxystyryl ketone dibromides, which normally yield 
flavones with alcoholic alkali, give ®-alkoxy-compounds and then arylidenecou- 
maranones, if the solubility of the dibromide in alcohols is increased by addition 
of chloroform. With aqueous alkali and acetone the dibromides give the corresponding 
naphthaflavones (cf. Nadkarni et al., J., 1937, 1798). 


NADKARNI, WARRIAR, and WHEELER (J., 1937, 1800) pointed out that the production 
of benzylidenecoumaran-2-ones in place of flavones from o-hydroxy- or o-acetoxy-phenyl 
p-alkoxystyryl ketone dibromides by the action of alcoholic alkali probably depends on 
whether or no the $-bromine atom is first replaced by alkoxyl; it is known that such £- 
alkoxy-compounds are produced by the action of alcohol on the dibromides of aryl #- 
alkoxystyryl ketones (see Dodwadmath and Wheeler, Proc. Indian Acad. Sct., 1935, 2, 
438). An apparent exception to this view is afforded by 1l-acetoxy-2-naphthyl 3: 4- 
methylenedioxystyryl ketone dibromide, which yields the corresponding flavone with hot 
alcoholic alkali (Kostanecki, Ber., 1898, 31, 708). Experiments with 4-bromo-1-hydroxy- 
2-naphthyl «®-dibromo-6-3 : 4-methylenedioxyphenylethyl ketone have now shown that the 
flavone is obtained because the relative insolubility of the dibromide in alcohol hinders 
the formation of a 6-ethoxy-compound; the addition of chloroform, which increases the 
solubility of the dibromide (in alcohol), leads to the production 

O-CH, of the ethoxy-compound, which with alkali gives 4-bromo-l- 

O CHK SO piperonylidene-5 : 6-benzocoumaran-2-one (I), apparently the 

O compound obtained by Ullmann (Ber., 1897, 30, 1466), who, 

however, gives no melting point. This new method for the 

production of compounds like (I) has an advantage over that 


e) of Ingham, Stephen, and Timpe (J., 1931, 895), who prepare 

the benzocoumaranone by cyclising’ the «-naphthyloxyacetyl 
chloride, in that their method gives an ambiguous result; ring closure can occur in either 
the 2- or the 8-position. 4-Bromo-1-anisylidene-5 : 6-benzocoumaran-2-one was obtained 


similarly. 


r 


EXPERIMENTAL. 


4-Bromo-1-hydroxy-2-naphthyl «8-dibromo-8-3 : 4-methylenedioxyphenylethyl ketone, obtained 
by treating at 0° a suspension of 1-hydroxy-2-naphthyl 3: 4-methylenedioxystyryl ketone 
(6-2 g.) (Kostanecki, Joc. cit.) in carbon disulphide (150 c.c.) with a solution of bromine (6-2 g.) 
in carbon disulphide (100 c.c.) and evaporating the solvent after 12 hours, had m. p. 173° after 
crystallisation from chloroform-light petroleum (Found: Br, 43-5. C, .H,,0,Br, requires 
Br, 43-1%). The position of the nuclear bromine atom is discussed below. 

4-Bromo-1l-hydroxy-2-naphthyl «-bromo-B-ethoxy-8-3 : 4-methylenedioxyphenylethyl ketone. 
Evaporation of the solvent from a mixture of the above dibromide (5 g.), chloroform (100 c.c.), 
and ethyl alcohol (60 c.c.) which had been heated under reflux for 12 hours gave a residue, 
m. p. 169—171° after crystallisation from alcohol—chloroform (Found: Br, 30-3. C,,.H,,O;Br, 
requires Br, 30-7%). 

4-Bromo-1-hydroxy-2-naphthyl «-bromo-B-methoxy-B-3 : 4-methylenedioxyphenylethyl ketone, 
which, when crystallised from acetone—alcohol, had m. p. 169—170°, was similarly prepared 
from the dibromide by means of methyl alcohol (Found: Br, 31-0. C,,H,,O,Br, requires 
Br, 31-5%). 

6-Bromo-3' : 4'-methylenedioxy-a-naphthaflavone separated from a mixture of aqueous potas- 
sium hydroxide (10%; 30 c.c.) and 4-bromo-l-hydroxy-2-naphthyl «$-dibromo-{-3 : 4- 
methylenedioxyphenylethyl ketone (3 g.) dissolved in acetone (cf. Nadkarni et al., loc. cit.) 
which had been heated under reflux for 5 minutes and cooled. It had m. p. 276° after crystallis- 
ation from acetic acid (Found: Br, 20-5. C, 9H,,0,Br requires Br, 20:3%), and gave a yellow 
coloration with sulphuric acid. 

4-Bromo-1-piperonylidene-5 : 6-benzocoumaran-2-one (I) (cf. Ullmann, loc. cit.) separated 
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from a mixture of alcoholic sodium hydroxide (10%; 10 c.c.), 4-bromo-l-hydroxy-2-naphthyl 
a-bromo-§-ethoxy-8-3 : 4-methylenedioxyphenylethyl ketone (0-5 g.), and acetone which had 
been heated under reflux for 5 minutes; it had m. p. 242—243° after crystallisation from 
nitrobenzene—acetone (Found: C, 60-6; H, 3-3; Br, 20-7. Calc. for C,.H,,O,Br: C, 60-7; 
H, 2-8; Br, 20-3%). It gave a deep red coloration with sulphuric acid. 

4-Bromo-1-hydroxy-2-naphthyl «B-dibromo-$-p-anisylethyl ketone (4 g.), which was obtained 
by treating at 0° a suspension of 1-hydroxy-2-naphthyl p-methoxystyryl ketone (4 g.) (Keller 
and Kostanecki, Ber., 1899, 32, 1035) in carbon disulphide (150 c.c.) with a solution of bromine 
(4 g.) in carbon disulphide (100 c.c.) and evaporating the solvent after 12 hours, had m. p. 
157—158° after crystallisation from carbon tetrachloride (Found: Br, 44-5. C, 9H,,;O,Br; 
requires Br, 44:-2%). The position of the nuclear bromine atom in the above compound, and in 
the corresponding methylenedioxy-dibromide already described, was established as follows :— 

4-Bromo-1-hydroxy-2-naphthyl p-methoxystyryl ketone (3 g.), which separated from a mixture 
of 4-bromo-2-acetyl-l-naphthol (10 g.), alcohol (150 g.) and anisaldehyde (5 g.) which had 
been treated with aqueous sodium hydroxide (50%; 20 g.), heated at 80° for 2 hours, kept for 
12 hours, and diluted with water, had m. p. 184° after crystallisation from acetic acid (Found : 
Br, 21-3. C.9H,,0,Br requires Br, 20-9%). A suspension of the above bromo-chalkone 
(1-6 g.) in carbon disulphide (50 c.c.), which had been treated at 0° with bromine (0-8 g.) in carbon 
disulphide (30 c.c.) and kept for 12 hours, gave, on evaporation of the solution, a residue, which, 
when crystallised from carbon tetrachloride, did not depress the m. p. of the product obtained 
by direct bromination of l-hydroxy-2-naphthyl p-methoxystyryl ketone as described above. 
4-Bromo-1-hydroxy-2-naphthyl a-bromo-B-ethoxy-B-p-anisylethyl ketone (2-5 g.) remained as a 
residue when the solvent had been evaporated from a mixture of the corresponding dibromide 
(5 g.), chloroform (100 c.c.), and ethyl alcohol (70 c.c.) which had been heated under reflux for 
12 hours. It had m. p. 155—156° after crystallisation from acetone—alcohol (Found: Br, 
31-8. C,,H,,O,Br, requires Br, 31-5%). 

4-Bromo-1-hydroxy-2-naphthyl «-bromo-B-methoxy-B-p-anisylethyl ketone, similarly prepared 
by means of methyl alcohol, had m. p. 146—147° after crystallisation from acetone-alcohol 
(Found: Br, 32-7. C,,H,,0,Br, requires Br, 32-4%). 

6-Bromo-4'-methoxy-a-naphthaflavone (0-8 g.) separated from a mixture of aqueous sodium 
hydroxide (10%; 20 c.c.) and 4-bromo-l-hydroxy-2-naphthyl «$-dibromo-8-p-anisylethyl 
ketone (2 g.) in acetone, which had been refluxed for 5 minutes. It had, after crystallisation 
from acetic acid, m. p. 240—241° (Found: Br, 20-8. (CC, 9H,,0,Br requires Br, 21:0%). It 
gave a yellow colour and green fluorescence with sulphuric acid. 

4-Bromo-1-anisylidene-5 : 6-benzocoumaran-2-one (1-4 g.), which separated from a mixture 
of aqueous sodium hydroxide (10%; 30 c.c.) and 4-bromo-l-hydroxy-2-naphthyl «-bromo-- 
methoxy-f-p-anisylethyl ketone (2-8 g.) in acetone which had been heated under reflux for 5 
minutes, had m. p. 219—220° after crystallisation from chloroform—alcohol (Found: Br, 21-4. 
C.9H,,;0;Br requires Br, 21:0%). It gave a deep red coloration with sulphuric acid. 
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NOTE. 


Application of the Bischler-Napieralski Reaction to 8-Ketoazelaodi-B-veratrylethylamide. By 
F. E. Kinc and Rospert Rosinson. 


CHILD and Pyman (J., 1929, 2010) prepared the di-f-veratrylethylamides of the series of 
n-dibasic acids from oxalic acid to decane-1 : 10-dicarboxylic acid and vaeean a number of 
these amides to bisdihydroisoquinoline derivatives. 

We proposed to adapt Child and Pyman’s method by the use of dibasic acids substituted 
in the polymethylene chain in such a way as to render possible the eventual construction of 
a tricyclic nucleus. 

The double ring closure of the di-B-veratrylethylamide of 8-ketoazelaic acid to a bisdihydro- 
isoquinoline derivative has been studied in the hope of synthesising an analogue of emetine. 
The anticipated product, isolated as a picrate, was obtained in accordance with the scheme 
shown on p. 2120. 

Methyl 8-Ketoazelate.—The crude ketotetracarboxylic ester (&6 g.), prepared by the method 
of v. Pechmann and Sidgwick (Ber., 1904, 37, 3816), was refluxed with a mixture of concen- 
trated hydrochloric acid (100 g.) and water (100 g.) for 5 hours. The reddish solid obtained on 
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evaporation of the solution under diminished pressure was refluxed with methyl-alcoholic hydro- 
gen chloride, and the ester isolated in the usual manner and distilled. The main fraction (25 
g.), b. p. 185—195°/15 mm., solidified, and after recrystallisation from aqueous methyl alcohol 
gave methy] 8-ketoazelate in colourless, glistening leaflets, m. p. 34° (m. p. 30—31°, v. Pechmann 
and Sidgwick) (Found: C, 57-6; H, 7-9. Calc. for C,,H,,0,;: C, 57-4; H, 7-8%). 


CH, CH, 


Z Pid 
CH, ‘tu, CH, Yu, 
CO CO-[CH,],*CO C CO-(CH,];—C 


—>- 
Me \yH NA Me Me Ny NZ OMe 
MeO! CH, CH, Me MeO J/g H,C OMe 
cht, ‘ef, Nt ef, 


The ester (2-5 g.) was boiled with concentrated hydrochloric acid (3-5 c.c.) and water (12 c.c.) 
for 5 minutes, and the solution evaporated at 60° under diminished pressure, leaving a residue 
(2-1 g.), m. p. 106—108°. When recrystallised from ethyl acetate, this gave pure 8-ketoazelaic 
acid in colourless prisms, m. p. 108—109° (Found: C, 53-3; H, 7-1. Calc. for C,H,,0,: C, 
53-5; H, 69%). The isomeride, m. p. 101—102°, described by v. Pechmann and Sidgwick, 
does not appear to be formed under these conditions. 

8-Ketoazelaodi-B-veratrylethylamide.—Methyl ketoazelate (2-3 g.) was heated with 2 equivs. 
of 6-veratrylethylamine (3-6 g.) for 2} hours in an oil-bath at 170—180°, and the whole dis- 
solved in alcohol containing ethyl acetate. The product (3-8 g.), m. p. 143—145°, obtained 
was recrystallised from the same solvents, giving the diamide as a mass of colourless fine prisms, 
m. p. 147°. The crystals sintered when suddenly heated to 135°, and satisfactory analyses were 
only obtained when the compou.d had been heated above 100° in a vacuum (Found : C, 66-1; 
H, 7-8; N, 5-5; MeO, 24-0. C,.H,,O,N, requires C, 65-9; H, 7-6; N, 5-3; 4MeO, 23-5%). 
The 2: 4-dinitrophenylhydrazone separated from alcohol as a voluminous mass of deep yellow 
needles, m. p. 135—136° (Found in material dried at 100°: C, 59-5; H, 60; N, 11-5. 
CysHy,Oi9N, requires C, 59-3; H, 6-2; N, 11-9%). 

Ring Closure of 8-Ketoazelaodi-B-verairylethylamide.—A suspension of ketoazelaodi-8-veratryl- 
ethylamide (2 g.) in dry toluene (25 c.c.) was heated with phosphoryl chloride (4 c.c.) at 110°. 
After 30—40 minutes the toluene layer was decanted from the yellow viscous deposit, which was 
washed with light petroleum and then dissolved in water. The brownish semi-solid material 
liberated by alkali could not be crystallised, but on solution in the minimum amount of dilute 
hydrochloric acid and mixing with aqueous picric acid, a partly crystalline precipitate was 
obtained. This was collected and extracted with small amounts of hot alcohol, whereby after 
fractional crystallisation a small quantity of a picrate consisting of lemon-yellow needles, m. p. 
112—113° (efferv.), was obtained (Found in material dried in a high vacuum at 100°: C, 57-4; 
H, 6-0; N, 10-2%). The less soluble residue was dissolved in boiling acetone, and after several 
days large deep yellow cubes (ca. 1 g.) separated. Recrystallisation from acetone gave the 
monopicrate of yy-bis-(6 : 7-dimethoxy-3 : 4-dihydroisoquinolyl)dibutyl ketone, m. p. 181—182° 
(Found in pulverised material dried at 110°: C, 58-1, 58-2; H, 5-6, 5-7; N, 10-0, 10-0. 
Cy,H,,0;N,,CgH,O,N, requires C, 58-3; H, 5-4; N, 9-7%).—Dyson PERRiIns LABORATORY, 
OxFoRD UNIVERSITY. [Received, November 10th, 1938.} 
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Acenaphthylene glycols, stereochemistry of, and their 
derivatives, 188. 
Acetaldehyde, photolysis of, 1540. 
Acetanilide, nitroso-, decomposition of, in solution, 
116. 
Acetic acid, and its chloro-derivatives, association of, 
in benzene, 1795. 
esterification of, 784. 
Acetic acid, calcium salt, dissociation constant of, 
278. 
ethyl ester, solubility of, in water in presence 
of aliphatic alcohols, 67. 
methyl ester, hydrolysis of, in acid solutions in 
mixtures of deuterium oxide and water, 957. 
Acetoacetic acid, ethyl ester, condensation of, with 
2:4-dihydroxy-5-ethylbenzoic acid and its 
methyl ester, 1066. 
with phenolic ketones and aluminium chloride, 
1424. 
with resacetophenone, f-resorcylic acid, and 
its methyl ester, 228. 
Acetone, condensation of, with pyrocatechol, 347. 
with p-toluenesulphinic acid and its esters, 684. 
Acetone, ignition of, under pressure, 238. 
a-Acetonyl-y-acetyl-a-methylpropionic acid, methyl 
ester, disemicarbazone, 18 
Acetophenone, reaction of, with acyl chlorides and 
aldehydes, 1990. 
Acetylacetone, metallic derivatives, electric polaris- 
ation of, 1254, 1273. 
O-Acetylaneurin chloride hydrochloride, 28. 
a-Acetyl-a)~bis-(3:4-methylenedioxybenzyl)butyro- 
lactone, 802. 
2-Acetyl-9:10-dihydroanthracene, 
1244 


Ay sgacrintalatmenneae re manent nian 
6-Acetyl-4:7-dimethylcoumarin, 5-hydroxy-, and its 
acetyl derivative, 1427. 
Acetylene, bromo-, and chloro-, oxidation of, 1358. 
N-Acetyl glucosamine, 1499. 
Acetyl-4-methylcoumarin, 5:7-dihydroxy-, 1428. 
6-Acetyl-4-methylcoumarin, 5-hydroxy-, and _ its 
derivatives, 232. 
4-Acetyl 8-methylglucoside 2:3:6-trinitrate, 838. 
1-Acetyl-3-phenyl-5-p-anisyl-4:5-dihydropyrazole, 4- 
hydroxy-, acetyl derivative, 1884. 
2-Acetyl-4-phenylthiazole phenylhydrazone, and its 
acetyl derivative, 1056. 
2- and 3-Acetylpyridines, and their derivatives, 754. 
Acetylsumatrol, 530. 
3’-Acetyl-4:2’:5’-trimethylchromono-(7’:8’:6:5)-a- 
pyrone, 1427. 
1-Acetyl-1:3:4-trimethyl-4*-cyclohexene semicarbazone 
18 


4-Acetyl 6-triphenylmethyl B-:ethylglucoside 
2:3-dinitrate, 837. 

Acetylursolaldehyde, and its semicarbazone, 1000. 

Acetylursoloyl chloride, 1000. 


2:9:10-tribromo-, 
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Acids, strengths of, in chlorobenzene, 818. 
Acids, aliphatic, formation of, from ketones, 464. 
saturated, constitution and dissociation constants 
of, 1222. 
carboxylic, constitution and dissociation constants 
of, 1222. 
monocarboxylic, constitution and dissociation 
constants of, 357. 
isotopic exchange reactions of, 81. 
fatty, b.p. of, and their derivatives, 1616. 
organic, decarboxylation of, 1186. 
calcium salts, dissociation of, in water, 277. 
organic monobasic, acid salts of, 264. 
Acid-base function in non-aqueous media, 815, 818. 
Acid chlorides, reaction of, with anilides, 469. 
Acridine derivatives, 304. 
preparation and therapeutic properties of, 654. 
Acridine, 4-mono- and di-amino-derivatives, and 5- 
chloro-2:7-dinitro-, 25. 
Acridine series, chemotherapy in, 22. 
Acridone, 1:7-diamino-, and 2:4-dinitro-, 25. 
Activity coefficient of electrolytes in water, equation 
for, 2093. 
Acylarylamines, nitroso-, 116. 
Acylarylureas, symmetrical, 424. 
Address, presidential, 575. 
Adenine deoxyriboside and glucoside, 259. 
Adsorption, effect of inhibitants on, 1228. 
hydrolytic, on charcoal, 688. 
simultaneous, from dilute aqueous solutions, 269. 
‘aa residual, and co-ordination, 1672, 1675, 
858 


Alcohols, aliphatic, b.p. of, 1615. 
primary, action of Oppenhauer reagent on, 175. 
Aldehydes, b.p. of, 1617. 
dipole moments of, 1444. 
photolysis of, 1531. 
af-unsaturated, cyclic, reactions of, 1820. 
spectra of, absorption, 1408. 
n-Aldehydo-octoic acid, 1826. 
5-Aldehydo-1:2:4-trimethyl-1:4-endoethylenecyclo- 
hexane, 290. 
Aldobionic acid, methyl heptamethy] ester, 1179. 
Aldol, condensation products of, 536. 
Aliphatic compounds, substitution and Walden 
inversion in, 209. 
1-p-Alkoxyarylidene-5:6-benzocoumaran-2-ones, 
synthesis of, 2118. 
p-Alkoxybenzyl halides, reactivity of w-halogen 
atom in, 1780. 
o-Alkoxybenzylideneacetones, derivatives of, 1572. 
ses slat comparative hydrolysis of, in acetone, 


halides, b.p. and mol. wt. of, 828. 
dipo'e moments of, in solution, 977. 
reaction of, with hydroxylio solvents, 881. 
tellurides, oxidation of, 341. 
~— — acid, 5-chloro-, catalytic reduction 
of, % 
a e, basic strength and reactivity 
of, ‘ 
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Alkylpyridines, long-chain, and their derivatives, 
682, , 

Allyl alcohols, substituted, refractivity and rotatory 
dispersion of, 312. 

Allyl compounds, replacement reactions in, 1912. 

Alstonia bark, alkaloids of, 1353. 

Alstonine, and its derivatives, 1353. 

Alstyrine, and its derivatives, 1356. 

= 2-amino-, preparation of derivatives of, 


Aluminium chloride as condensation reagent for 
phenols with B-ketonic esters, 228, 1066, 1424. 
Amines, action of, on unsaturated compounds with 
halogen attached to ethylenic carbon, 963. 
b.p. of, 1616. 
b.p. and mol. wt. of, 829. 
diazotisation and nitrosation of, 1954. 
dipole moments of, in various solvents, 1598. 
Amino-acids, identification of, with 3:5-dinitro- 
benzoyl chloride, 1397. 
f-Amino-ketones containing furan, thiazole, and 
thiophen, 1053. 
Amino-sugars, 1498. 
Ammines, 1338. 
Ammonium salts, quaternary, formation of, 1786. 
Ammonium dichromate, thermal decomposition of, 
955. 
Ammonium organic compounds, quaternary, form- 
ation of, 858. 
5’-isoAmylbarbituric acid, 5-chloro-, 1624. 
4-n-Amyloctophenone, 2:5-dihydroxy-, 2067. 
2-n-Amyl-5-n-octylbenzoquinone, 2068. 
Amylose, potassium hydroxide compound of, 1690. 
tec ee 2:4-dinitrophenylhydrazone, 
71, 
f8-Amyrenonol, and its derivatives, 1233. 
B-Amyrin, dehydrogenation of, with sulphur, 1313. 
Anaesthetics, local, pyrazoline, 1237, 1568, 1572. 
synthesis of, 657. 
Aneurin, 26. 
2’:4-Anhydro-1:4-diketo-3-(2’-aminopheny])tetra- 
hydrophthalazine, and its O-acetyl derivative, 
1082, 
2’:4-Anhydro-1:4-diketo-3-(4’-chloro-2’-aminophenyl)- 
tetrahydrophthalazine, and its O-acetyl derivative, 
1083. 
Anhydroleptospermone phenylhydrazone, 1194. 
2:3-Anhydro-a-methylalloside, 475. 
2:3-Anhydro-f-methylhexoside, 1095. 
Anhydromethylhexosides, action of alkaline reagents 
on, 1810. 
preparation of, from 3-p-toluenesulphonyl methyl- 
glucoside, 1088. 
Anils, stereochemistry of, 741. 
Anilides, halogenation of, 1414. 
reaction of, with acid chlorides, 469. 
substituted, molecular state of, 375. 
Aniline, adsorption in solutions of, with ketones, 269. 
condensation of, with cyclohexanone, 1171. 
3-Anilino-4-aminodimethylquinaldines, 1087. 
3-Anilino-4-aminomethylquinaldines, 1086. 
3-Anilino-4-aminoquinaldine, and its derivatives, 
1086. 
3-Anilino-4-aminoquinoline, 1087. 
2-a-Anilinobenzylcyclopentan-1-one-2-carboxylic acid, 
ethyl ester, 340. 
1-a-Anilinocinnamyl!-2-naphthol, 340. 
2-Anilino-1:2-diphenylethane, 1-chloro-, 209. 
Anilinoleptospermone, 1194. 
5-Anilino-7-methoxyacridine, 3:5-p-diamino-, and 3- 
nitro-5-p-amino-, 5-p-acetyl derivatives, 305. 
Anilinomethylnaphthols, and their derivatives, 340. 
2-Anilinomethylcyclopentan-l-one-2-carboxylic acid, 
ethyl ester, 339. 
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4-Anilino-3-methylquinaldine, 976. 

1-Anilino-a-naphthoxazole, 325. 

4-Anilinoquinaldine, 4-p-amino-, 1086. 

1-Anilino-1:1:2-triphenylethane, and 1-chloro-, and 
nitroso-, 208. 

2-Anilino-1:1:2-triphenylethyl alcohol, 208. 

5-p-Anisidino-7-methoxyacridine, 3-amino-, and its 
acetyl derivative, and 3-nitro-, 305. 

— introduction of magnesium bromide into, 


Anisotropy, diamagnetic, of conjugated compounds, 
364 


2-Anisoyldiphenyl-2’-carboxylic acid, 1565. 
4-Aniscylfluorenone, 1565. 

p~Anisylacetic acid, 3-chloro-, 1782. 
p~Anisylacetonitrile, 3-bromo-, and 3-chloro-, 1782. 
Anisyldiazonium mercurifribromides, 898. 
B-p-Anisylethyl chloride, 696. 
B-p-Anisylethylcyclohexane-2:6-dione, 696. 
1-8-p-Anisylethyl-2-methylcyclohexan-1-ol, 696. 


1-8-p-Anisylethyl-2-methylcyclohexene, and its 
derivatives, 696. 
1-Anisylidene-5:6-benzocoumaran-2-one, 4-bromo-, 


2119. 
Anisylmercury halides, 898. 
6-p-Anisyl-4-8-naphthyl-4*-cyclohexen-2-one-1-carb- 
oxylic acid, ethyl ester, 1885. 
5-p-Anisyl-3-8-naphthylpyrazole, 1884. 
oe ee 4-hydroxy-, 


5-p-Anisyl-3-p-tolylpyrazole, 1884. 

Annual General Meeting, 548. 

Anthoxanthins, 56. 

=e action of, with succinic anhydride, 


configuration of, 404. 
2-bromoacetyl derivative, 1243. 

Anthranilic acid, 2:4-bismethylsulphonylpheny] ester, 
2055. 

an hydroxy-, reduction products of, 
541. 


Anthraquinone-l-carboxylic acid, 6-amino-, and 6- 
chloro-, 2049. 
6-bromo-, and 6:7-dichloro-, and their methyl 
ester, 2051. 
Anthrone, dipole moment of, 1444. 
B-1-Anthroylpropionic acid, 1243. 
f-2-Anthroylpropionic acid, and its methy] ester, 508. 
ethyl ester, 1243. 
y-2-Anthrylbutyric acid, 509. 
Antimony compounds, toxicity of, to catalysts, 839. 
—— organic compounds, aromatic, synthesis of, 


Antimony phthalocyanines, 1161. 
= parsley, synthesis of, and its derivatives, 
2. 


Apiolic acid, parsley, 1696. 
Apione, parsley, and 1:2-dibromo-, 1605. 
Araban in peanuts, 496. 
Arachis hypogaea, seeds, polysaccharides in, 496. 
Aromadendrene, and its derivatives, 1200. 
Aromadendrene glycol, 1202. 
Aromadendrol, 1202. 
Aromadendrylamine, and its derivatives, 1202. 
Aromatic compounds, cationoid activity of, 458. 
nitration of, 929. 
hydroxy- by-products in, 1816. 
substitution in, influence of directing groups on, 
905, 918, 929. 
union of nuclei in, 108, 113, 699, 1386. 
p-Arsanilic acid. See Phenylarsinic acid, p-amino-. 
Arsenic compounds, toxicity of, to catalysts, 839. 
its 








p-Arsonohexadecanedicarboxylanilic acid, and 
derivatives, 442, 444. 
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p-Arsono-oxanilic acid, and its derivatives, 442. 

ee acid, amides and methyl ester 
of, i 

Aryl nuclei, union of, 108, 113, 699, 1386. 

Arylglycerols, 1578. 

Arylsulphonamides, association of, in solution, 1790. 

oy ~ ‘aueane fission of, by piperidine and sodamide, 


Ascaridole, 829. 
ee a-glycol, mono- and di-p-nitrobenzoates, 
832. 


Ascorbic acid, six-membered analogues of, 710. 

Aspergillus, colouring matters of, 2056. 

Aspergillus versicolor, use of, as resolving agent, 
494 


Asymmetric transformation, quantitative aspects of, 
1646 


Atoms, distance between, and bond character, 131. 
report on, 1110. 
quadricovalent, stereochemistry of, 1886. 
Atomic weights, report on, 1101. 
table of, 1109. 
Auroglaucin methyl ether, and its oxime, 2059. 
1-Azabicyclo[1:2:2}heptane, 400. 
Azobenzene, cis-form, 879. 
trans-form, solubility of, in cetylpyridinium 
salt solutions, 1968. 
cis- and trans-forms, and their conversion, 
633. 
magnetic anisotropy of, 365. 
Azobenzene, cis-p-chloro-, 880. 
2:2’-dihydroxy-, copper derivative, and its deriv- 
atives, 301. 
Azobenzene-o-carboxylic acid, cupric salt, and its 
derivatives, 300. 
Azobenzene-2:2’-dicarboxylic acid, cupric salt, 300. 
Azobenzene-4-sulphonic acid, cupric salt, and its 
derivatives, 302. 
cis-Azo-compounds, preparation of, 876. 
Azo-dyes, structure of copper lakes of, 292. 
Azo-groups as chelating groups, 1346. 
Azomethinic group, additive reactions of, 337. 
4:4’-Azo-5:7:5’:7’-tetramethylquinaldine, 976. 
Azotoluenes, 879. 


Bacteria, growth of, physical chemistry of, 1930, 
1936, 1942. 
Bacterium lactis aérogenes, growth of, in various 
conditions, 1930, 1936, 1942. 
Balance sheets, 565. 
Bally’s reaction, 401. 
Bases, aromatic, complex compounds of, with 
polynitro-compounds, 1350. 
cyclic, alkylene derivatives of, 1191. 
Benzaldehyde, action of, on xylenes in presence of 
aluminium chloride, 1847. 
autoxidation of, catalysed by iron phthalocyanines, 
1770. 
Benzaldehyde, w-bromo-2:4-dinitro-, p-bromopheny]- 
hydrazone, 1843. 
a-Benzamido-f-2-thienylpropionic acid, 2102. 
Benzanthrones, 401. 
mesoBenzanthrone, and its derivatives, sulphonation 
of, 2047. 
derivatives, 1833. 
mesoBenzanthrone, 8-amino-, and its derivatives, and 
3-nitro-, 838. 
1’:6-dibromo-, and 1:6:7-trichloro-, 2051. 
3’-hydroxy-, 699. 
mesoBenzanthrone-3’-carboxylic acid, and 8-amino-, 
lactam, 1-bromo-, and 8-hydroxy-, lactone, 1837. 
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mesoBenzanthrone-8-carboxylic acid, amide of, 
3-amino-, lactam, 1’-chloro-, 3-nitro-, and 1’-nitro- 
3’-hydroxy-, lactone, 1837. 
mesoBenzanthronedisulphonic acid, and 1’-chloro-, 
and their sodium salts, 2050. 
mesoBenzanthrone-3’:8-ketoxime, 1840. 
mesoBenzanthrone-l’-sulphonic acid, 6:7-dichloro-, 
and its sodium salt, 2051. 
mesoBenzanthrone-6-sulphonic acid, 2049. 
mesoBenzanthrone-6-sulphonic acid, 1’-bromo-, 1’- 
chloro-, and 1’-nitro-, and their sodium salts, 2050. 
Benzene, ignition of, under pressure, 238. 
Benzene, bromo-, photochemical addition of bromine 
to, in carbon tetrachloride, 1959. 
chloro-, strengths of acids in, 818. 
2-chloro-l-nitro-, reaction of, with sodium 4- 
nitronaphthalene-1-thiol, 1031. 
trichlorotrinitro-, action of, with hexamethyl- 
benzene and with naphthalene, 761. 
p-dicyano-, p-cyanonitro-, and p-dinitro-, electric 
polarisation of, 1275. 
halogeno-derivatives, nitration of, 918, 943. 
1:2:3:4-tetrahydroxy-, derivatives of, 372, 1602. 
m-iodosonitro-, preparation of, 1700. 
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ium, sulphur, and tellurium, 1077. 
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437. 
Benzenesulphonacetamide, 2-nitro-, 2056. 
Benzenesulphonanilides, nitro-, and their sodium 
salts, 889. 
Benzenesulphon-p-fluoroanilide, 1417. 
Benzenesulphonic acid, o-amino-, 2:4-bismethyl- 
sulphonylphenyl and 2:4:6-trichlorophenyl esters, 
and o-nitro-, 2:4:6-trichloropheny] ester, 2056. 
Benzenesulphonyl chloride and fluoride, nitration of, 
887. 
fluorides, nitro-, 893. 
Benzenesulphonyl-o-benzoicsulphinides, 2117. 
Benzenesulphonylpiperidide, 4-chloro-2-nitro-, and 
2:4-dinitro-, 1621. 
2-Benzhydrylhexahydrobenzoic acid, 1928. 
2-Benzhydrylcyclopentene-1-carboxylic acid, 1930. 
f-Benzhydryl-f-phenylpropionic acid, and its ethyl 
ester, 729. 
2-Benzhydryl-4*-tetrahydrobenzoic acid, 1928. 
9:10-Benzo-3-carboline, and its picrate, 2015. 
Benzochloridedibromide, 1322. 
Benzodichloridebromide, 1322. 
5:6-Benzododecahydropyridocolines, and their picrates, 
1319. 
5:6-Benzo-1:2:3:4:7:8-hexahydropyridocolines, and 
their salts, 1319. 








Benzoic acid, ethyl ester, nitration of, 905. 
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Benzoic acid, o-amino-, and 3:5-dibromo-o-amino-, 
o-acetyl derivatives, ethyl] esters, 382. 
5-chloro-2-aminothiol-, and 5-chloro-2-thiol-, 2116. 
5-chloro- and 5-nitro-2- hydroxy-, 4-nitrophenyl 
esters, 1898. 
2:3:4-trihydroxy-, methyl ester, 757. 
o-nitro-, 2:4-bismethylsulphonylphenyl ester, 2055. 
2-nitro-3- amino-, and its acetyl derivative, and 
4-nitro-3-amino-, ethyl esters, 1038. 
thiol-, 4-chloro-2-nitropheny] ester, 1621. 
2-thiol-, chlorination of, 2114. 
Benzoic acids, amino-, 3:5-dinitrobenzoyl derivatives, 
1402 


nitro-, isomeric, determination of, 1242. 
p-Benzoquinone, and its derivatives, dipole moments 
of, 1263. 
electric polarisation of, 1274. 
condensation of, with cyclopentadiene, 236. 
Benzoxazole, 5-amino-l-hydroxy-, and its acetyl 
derivative, 5-amino-1 “thiol-, 5-bromo-l-hydroxy-, 
5-bromo-l-thiol,, and 5-nitro-l-hydroxy- and 
-1-thiol, 327. 
5-bromo-, tautomerism and unsaturation of 
derivatives of, 321. 
Benzoyl chloride, 3:5-dinitro-, 
amino-acids with, 1397. 
w-Benzoylacetophenone, w-hydroxy-, benzoyl deriv- 
ative, 1580. 
Benzoyl-f-alanine, 3:5-dinitro-, 1400. 
Benzoyl-p-anisylearbinol oxime, 725. 
2-( 8-Benzoyl-a-p-anisylethyl)cyclohexanone, 1885. 
N-Benzoylanthranil, 5-nitro-, 1404. 
N-Benzoylanthranilic acid, 5-nitro-, 1404. 
3:5-dinitro-, sodium salt, 1402. 
d-N-Benzoy!-4:6:4’-tribromodiphenylamine-2-carb- 
oxylic acid, cinchonidine salt, 1659. 
8-Benzoyl-o-chlorophenylurea, 425. 
Benzoyldiglycylglycine, 3:5-dinitro-, 1400. 
N-Benzoyldiphenylaminecarboxylic acids, substituted, 
asymmetric transformation in, 1646. 
ee ny acid, 
565 
Benzoylglycylglycine, 3:5-dinitro-, 1399. 
8-Benzoyl-a-methylcinnamic acid, 1856. 
6-Benzoyl-4-methylcoumarin, 5-hydroxy-, and its 
derivatives, 1427. 
3’-Benzoyl-2’-phenyl-4-methylchromono-7’:8’:6:5-a- 
pyrone, 232. 
B-Benzoyl-8-phenyl-a-methylpropionic acid, p- 
hydroxy-, methyl ester, 1856 
8-Benzoylphenylurea, s-p-nitro-, 425. 
Benzoyl-dl-proline, 3:5-dinitro-, 1400. 
Benzoylsarcosine, 3:5-dinitro-, 1400. 
N-Benzoyl-dl-serine, N-3:5-dinitro-, 1400. 
Benzoylsulphanilic acid, 3:5-dinitro-, sodium salt, 1401. 
Benzoyltauric acid, dinitro-, sodium salt, 1401. 
8-Benzoyltolylureas, s-p-nitro-, 425. 
1:12-Benzperylene-1’-carboxylic acid, 1291. 
3:4-Benzphenanthrene derivatives, synthesis of, 1286. 
ee acid, 
B-Benzyl-n-butyric acid, ethyl ester, 1857. 
B-Benzyl-n-butyric acid, 8-hydroxy-, ethyl and methyl 
esters, 1856. 
4-Benzyl-2:6-dimethylpyridine-3:5-dicarboxylic acid, 
ethyl ester, and its hydrochloride, 1023. 
Benzylidene chloridebromide, 1322. 
Benzylideneacetones, 3:4-dihydroxy-, alkylated, deriv- 
atives of, 1568. 
4:6-Benzylidene 2:3-anhydro-8-methylalloside, 1092. 
4:6-Benzylidene 2:3-dimethyl a-methylglucoside, 795. 
ge ae a rrr eee mine, isomerisation and 
tone exchange of, in mixtures with p-methoxy- 
benny idenebenzylamine, 320. 


identification of 


2-p-hydroxy-, 
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For pee ote ll rac me 726. 

Benzylidenephthalimidine, 6. 

Benzylmalonic acid, ethyl ester, condensation of, 
with ethyl fumarate, 42. 

8-Benzyloxy-4-methoxyacetophenone, 2-hydroxy-, 

9-Benzyl-3:3:6:6-tetramethyloctahydroxanthen-1:8- 
dione, 2007. 

B-(O-Benzylvanillyl)acrylic acid, a-cyano-, 808. 

—<_- acid, a-cyano-, methyl 


Bile acids, action of selenium dioxide on, 353. 
Bisacetamidodiphenylamine-2-carboxylic acid 1:2- 
lactam, 24. 
3:3-Bisaminomethyltrimethyleneimine, and its deriv- 
atives, 1594. 
Bis(butylphosphine)-:-dithiocyanatodipalladium,  di- 
thiocyanato-, 1954. 
ogra eer reer 1244, 
a seep 


N. W" -cito-(e-Qiearbethenymasthathensgiitenslgheas- 
enediamines, 477. 
BB-Bis-(1’:3’-diketo-5’:5’-dimethyl-2’-cyclohexyl)ethyl- 
benzene, 2007. 
2:2’-Bis-2”:4’-dimethoxybenzoyldiphenyl, 1567. 
len tener as acid, y-hydroxy-, 


ay-Bis-(3:4-dimethoxybenzyl)butyrolactone, 803. 
yy-Bis-(6:7-dimethoxy-3:4-dihydroisoquinoly] dibutyl 
ketone, picrate, 2120. 
3:3’-Bisdimethylaminobenzylideneazine, 752. 
af-Bis(dimethylamino)-f-phenylpropionic acid, ethyl 
ester, and its salts, 964 
2:4-Bis-(p-dimethylaminostyryl)pyridine methiodide, 
spectrum of, absorption, 1455. 
Bis-2:2’-dipyridyl rhenichloride, 1860. 
Bis-2:2’-dipyridylruthenium, chloronitroso-, nitroso- 
ruthenium pentachloride of, 1677. 
2:2’-Bis-2”:4”-dihydroxybenzoyldiphenyl, 1567. 
2:2’-Bishydroxydimethylbenzoyldiphenyls, 1566. 
2:2’-Bis-4’’-hydroxy-2’’-methyl-5”-isopropylbenzoyl- 
diphenyl, 1566. 
Bishydroxytoluoyldiphenyls, 1566. 
3:3’-Bis-(6-keto-4*-cholestenyl), 1408. 
ay-Bis-(3:4-methylenedioxybenzyl)butyrolactone, 802. 
2:4-Bismethylsulphonylanisole, 904. 
2:4-Bismethylsulphonylbenzene, 1-chloro-, 904. 
2:4-Bismethylsulphonyldiphenyl sulphide, 905. 
2:4-Bismethylsulphonyldiphenylamine, 905. 
2:4-Bismethylsulphonyldiphenylsulphone, 905. 
2:4-Bismethylsulphonylphenetole, 904 
2:4-Bismethylsulphonylphenol, 904. 
N-2’:4’-Bismethylsulphonylphenylpiperidine, 905. 
Bismuth compounds, toxicity of, to catalysts, 839. 
Bis-(3:5-dinitrobenzoyl)-d-lysine, 1401. 
ax-Bis-2-pyridylamino-n-decane, and its dihydro- 
chloride, 1192. 
a “aaa cee and its dihydrochloride, 


an-Bis-2-pyridylamino-n-heptane, and its dihydro- 
chloride, 1192. 

a{-Bis-2-pyridylamino-n-hexane, dihydro- 
chloride, 1192. 

at-Bis-2-pyridyla mino-n-nonane, dihydro- 

dihydro- 

dihydro- 


and its 


and its 
chloride, 1192. 

a0-Bis-2-pyridylamino-n-octane, 
chloride, 1192. 

ae-Bis-2-pyridylamino~n-pentane, and _ its 
chloride, 1192. 

Bis-p-toluidinepalladium, dichloro-, 2093. 

4:6-Bistriazopyrido(1’:2’:1: 2)benziminazole, 1300. 

— :4’:5’:6’-tetrahydropyridobenziminazole, 


and its 














a eg cag or rear cence 
dichloro-, 1953. 
Bistri-n-butylphosphine-y.-oxalatodipalladium, di- 
chloro-, structure and reactions of, 2086. 
Bistrimethylammonium hydrogen ruthenium penta- 
chloride, 1423. 
Bis(trimethylarsine)-.-dibromodipalladium, dibromo-, 
and dichloro-, 707. 
Bis(trimethylarsine)-y-dichlorodipalladium, dichloro-, 


Bis timethylasin)--dinitrodialiaiom, dichloro-, 


Sasttriesettytondiosbeattedbam, dibromo-, dichloro-, 
dinitro-, and dithiocyanato-, 706. 
Bis(trimethylarsine)-y-dithiocyanatodipalladium, di- 
chloro-, 707. 
Bis(trimethylphosphine)--dichlorodipalladium,  i- 
chloro-, 708. 
Bis(trimethylphosphine)palladium, dichloro-, 708. 
Boiling point and constitution, 826, 1614. 
B-Boswellendionic acid, methyl ester, and its semi- 
carbazone, 1716. 
B-Boswellenonolic acid, methyl ester, and its O- 
acetyl derivative, 1716. 
B-Boswellic acid, and its methyl ester, and its deriv- 
atives, 686. 
structure of, 1712. 
desazaBrucidine, 1489. 
Brucine, 1467, 1472, 1483, 1488. 
n-Butaldehyde, photolysis of, 1541. 
Butane, f-chloro-8-nitroso-, photolysis of, 1964. 
Butane-1:1:2:4-tetracarboxylic acid, ethyl ester, 1929. 
dl-B-Butanol, action of, with l-B-octy] nitrite, 965. 
trans-2-AY-n-Butenyl-2-decalol, 672. 
tert.-Butyl bromide, hydrol sis of, in acetone, 840. 
chloride, reactions of, in ydroxylic solvents, 881. 
ethyl and methyl ethers, determination of, 885. 
p-tert.-Butylacetophenone semicarbazone, 447. 
5-Butylamino-7-methoxyacridine, 3-amino-, 
derivative, and 3-nitro-, 305. 
5-n-Butylbarbituric acid, 5-chloro-, 1624. 
Ay-Butylene, determination of, 887. 
isoButylene. See 4Y-Butylene. 
cise and trans-n-Butylid t 
698. 
p-tert.-Butylphenacyl bromide, 447. 
n-Butylte‘lurinic acid, 346. 
n-Butyltelluroacetic acid, ethyl and /-menthy] esters, 
and their derivatives, 344. 
n-Butyltelluronium triiodide, 347. 
n-Butyric acid, association of, in benzene, 1795. 
n= and iso-Butyric acids, solubility of, in deuterium 
oxide—water mixtures, 1559. 


acetyl 


, reduction of, 





Cc. 


Cadmium sulphate, dissociation constant of, 2097. 

Calcium hydroxide, dissociation constant of, 278. 
iodate, conductivity of, and its solubility in salt 

solutions, 273, 278. 

2-Camphoryliminocyclopentane-1-carboxylic acid, 
ethyl ester, 340. 

Caoutchene, 219. 

Caoutchol, and its diacetate, 219. 

SP Oa ee acid, ethyl 
ester, 54. 

ee Cor ane acid, ethyl 
ester, 53. 

B-o-Carbethoxyhexahydroanilinopropionic acid, ethyl 
ester, 1184. 
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OS an Seen acid, ethyl 
ester, 
1-Carbethoxy-1-methylcyclohexane-2:4-dione, 2006. 
y-2-Carbethoxy-4-methylpiperidinobutyric acid, ethyl 
ester, 1186. 
y-2-Carbethoxy-4-methylpiperidinobutyronitrile, 1185. 
Carbohydrates, additive compounds of, 1690. 
3-Carboline, derivatives, 2013. 
6-Carbomethoxycoumarin-3-carboxylic acid, 5- 
hydroxy-, ethyl ester, 1830. 
8-o-Carbomethoxyphenyl-l-naphthoic acid, 3-nitro-, 
methyl ester, 1841. 
Carbon rings, fused, 660, 666. 
Carbon disulphide, catalytic hydrogenation of, 720. 
catalytic oxidation of, 2037. 
Carbonyl compounds, influence of alkyl groups in, 
1014. 
sulphide, catalytic oxidation of, 2037. 
hydrogenation of, 2034. 
3:4-Carbonyldioxybenzyl chloride, 
6-chloro-, 1783. 
o-Carboxybenzeneazo-p-cresol, cupric salt, and its 
aniline derivative, 300. 
ee pane, copper sait, and its 
derivatives, 301. 
S-Carboxy-4-carboxymethyl-7-phenylheptoie acid, 
4-Carboxy-3’:5’-dimethyldiphenyl ether, 2-amino-, 2- 
nitro-, and 2-selenocyano-, 35. 
a-Carboxy-af-dimethyl-y-ethylglutaric acid, 54. 
y-Carboxy-af-dimethyl-y-ethylglutaric acid, 55. 
2-Carboxydiphenyl ether, 4-chloro-4’-nitro-, and 4’- 
nitro-, 1899. 
4-Carboxydiphenyl ether, 2-tellurifrichloride, 40 
2’:4’-dichloro-2-amino-, -2-nitro-, and -2-seleno- 
cyano-, 34. 
4’-Carboxydiphenyl ether, 2-amino-, and its acetyl 
derivative, and 2-selenocyano-, 33. 
4-Carboxydiphenyl ether 2-seleninic acid, 2’:4’-di- 
chloro-, 35. 
4’-Carboxydiphenyl ether 2-seleninic acid, 33. 
2-Carboxyphenoxselenine 10-oxide, and its nor-d-- 
ephedrine salt, 36. 
Carvomenthone, spectrum of, absorption, 1410. 
Carvone, spectrum of, absorption, 1410. 
B-Caryophyllene, 1208. 
y-Caryophyllene, oximino-, 1209. 
Caryophyllenes, 1208, 1211. 
Caryophyllenic acid, synthesis of, 1211. 
Catalysis, acid, in non-aqueous solvents, 382, 1861. 
effect of inhibitants on, 1228. 
Catalysts, platinum, toxicity of poisons to, 2071. 
poisoning of, 1228. 
Catalytic hydrogenation of sulphur compounds, 
717, 720. 
solvent factor in, 454. 
toxicity and constitution, 455, 839. 
distribution factor in, 2071. 
Catechol. See Pyrocatechol. 
Celastrus paniculatus, seed and fruit-coat fats of, 1980. 
Cellulose, molecular size of, 1244. 
potassium hydroxide compound of, 1690. 
Cetylpyridinium salts, solubility of trans-azobenzene 
in solutions of, 1968. 
Chalkones, 1320, 1882, 2118. 
Charcoal, active, electrokinetic properties of, 991. 
chemisorption on, 688, 991, 1888 
as ane produced by pethatnagneinnn, 


6-bromo-, and 


Ph compounds, organic, ‘791. 
Chemistry, retrospect and prospect in, 575. 
Chenopodium oil, 829. 

Chlorination of anilides and phenol ethers, effect of 





a-Carbethoxy-f-methyl-y-ethylglutaric acid, ethyl 
ester, 54. 


6x 


alkyl groups and fluorine on, 1414, 
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Chloroform, valency angles in, 1195. 

w-Chloro-sulphides, formation of six- and seven- 
membered rings from, 813. 

cis-A*7-Choladienic acid, 3-hydroxy-, and its acetyl 
derivative, methyl ester, 227. 

A®-Cholenic acid, 3:7-dihydroxy-, and its derivatives, 
227. 


regen acid, 3-hydroxy-, and its derivatives, 

4, 

Cholestane-2:3-dione, and its derivatives, 353. 

Cholestanetriol, dehydration of, 677. 

Cholestanone o-tolylsemicarbazone, 355. 

Cholestan-3-one, action of selenium dioxide on, 353. 

i-Cholesterol, oxidation of, and its derivatives, 759. 

Chromium compounds, magnetism and molecular 

constitution of, 1428. 

Chromobacterium iodinum, pigment of, 479. 

Chrysene derivatives, symmetrical, 397, 1853. 

Cinchona alkaloids, modified, 6. 

Cinnamic acid, substituted derivatives, dissociation 

constants of, 357. 

Cinnamic acid, 4- and 6-nitro-3-hydroxy-, 172. 

Citrus nobilis, nobiletin from, 1003, 1004. 

Cobalt bases :— 

Cobalt nitrosopentammine salts, constitution of, 
233. 

Cod-liver oil, unsaturated acids of, 427. 

Compounds, complex intermolecular, formation of, 
in solution, investigated by dielectric polarisation, 
1755. 

conjugated, diamagnetic anisotropy of, 364. 
properties of, 1925. 
Constitution and b.p., 826, 1614. 
and catalytic toxicity, 455, 839. 
and physicai properties, 1323. 

Co-ordination and residual affinity, 1672, 1675, 1858. 

Copper sulphate, dissociation constant of, 2097. 

Copper organic compounds :— 

Cupric m-tolylazo-p-naphthoxide, 299. 
Coumarin, 5-hydroxy-, synthesis of, and its acetyl 
derivative, 1832. 
Coumarin-3-carboxylic acid, 5-hydroxy-, 1833. 
ethyl ester, 1831. 
Coumarin-3:6-dicarboxylic acid, 5-hydroxy-, 1832. 
Coumarono (2’:3’:3:2) indole, and its derivatives, 1216. 
derivatives, action of nitric acid on, 1214. 

Coumarono(2’:3’:1:2)-8-naphthindole, 3-acetyl and 
3-benzoyl derivatives, and their nitro-derivatives, 
1217. 

m-Cresol, autoprotolytic constant of, 815. 

Crocus, kaempferol in, 281. 

Crotonaldehyde, photolysis of, 1542. 

Crotonic acid, catalytic hydrogenation of, in various 

solvents, 454. 

Crotonic acid, a-chloro-, preparation of, 779. 

Croweacin, constitution of, 756. 

Croweacin, dibromo-, dibromide, 757. 

l-Cryptol, and its derivatives, 1822. 

Cryptone, reduction of, 1820. 

spectrum of, absorption, 1411. 

Crystals, liquid, 682. 

Cuminaldehyde, spectrum of, absorption, 1411. 

Cuminic acid, spectrum of, absorption, 1411. 

%-Cumogquinol allyl-ether, 1381. 

Cumy] alcohol, and its derivatives, 1825. 

Cyanogen :— 

Hydrocyanic acid, salts, complex, 1027. 
tetrameride, structure of, 1466. 


D. 


Damson gum, constitution of, 1174. 
Daphnetin methylene ether, 758. 
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Decahydroquinoline-2-carboxylic acid, methyl ester, 
and its picronolate, 1318. 
Decahydroquinoline-2-carboxylic-1-y-butyric 
methy] ester, 1318. 
Deguelin methyl ether, 739. 
methylation and ring-fission of, 734. 
Dehydro-f-amyrenol, and its acetate, 1233. 
a ein: and its acetyl derivative, 
Dehydro-f-toxicarol, and its acetyl derivative, 529. 
— condensation of, with salicylaldehyde, 
Deoxybenzoin, 2’-amino- and nitro-derivatives, and 
their derivatives, 1405. 
Deoxybenzoins, synthesis of, from chalkones, 1882. 
Derris extracts, substance, m.p. 183°, from, 1818. 
2 age introduction of, into the aromatic nucleus, 


acid, 


Deuterium oxide, determination of, in mixtures with 
water, 1559. 
effect of, on acid hydrolysis of esters and on 
alkaline decomposition of diacetone alcohol, 
957. 
Deuterium organic compounds :— 
= ethoxide, preparation of solutions of, 
Diacetone alcohol, alkaline decomposition of, in 
mixtures of deuterium oxide and water, 957. 
2:6-Diacetyl 4-a-acetoxyethyl f-methylglucoside 3- 
nitrate, 835. 
2:6-Diacetyl B-methylglucoside 3:4-dinitrate, 835. 
Diacetyl-1:4-phenylenediamine, dinitroso-, 1370. 
N:2-Diacetyl-4-phenylthiazole phenylhydrazone, 1056. 
Diamines, constitution and preparation of, 963. 
Diamminoplatinous salts. See under Platinum bases. 
Di-n-amy] disulphide, 1875. 
= l-Dianhydrohexosazones, and their derivatives, 
Di-o-anisylmercury, preparation of, 898. 
1:3-Diazalines, cyclic, 1292. 
Diazo-compounds, aromatic, decomposition reactions 
of, 843, 1077. 
Diazocyanides, isomeric configuration of, and their 
interconversion, 431. 
Dibenzanthrone, diamino-, 1838. 
y5-Dibenzoyl-a-phenyl-n-butane-ff-dicarboxylic acid, 
ethyl ester, 47. 
1:2:3:4-Dibenzphenanthraquinone, 196. ; 
1:2:3:4-Dibenzphenanthrene, and its derivatives, 193. 
1:2:5:6-Dibenzphenanthrene, 1289, 1291. 
1:2:3:4-Dibenz-10-phenanthroic acid, 196. 
1:2:5:6-Dibenz-9-phenanthroic acid, 1289. 
1-Dibenzylamino-5-p-anisyl-4‘-penten-3-one 
chloride, and its phenylhydrazone, 1240. 
Di-n-butyl telluride, oxidation of, 344. 
Ditsobutyl sulphoxide, electric dipole moment of, 211. 
1-Di-n-butylamino-5-p-anisyl-4‘-penten-3-one hydro- 
chloride, and its phenylhydrazone, 1239. 
Di-n-butyltelluretine bromide, ethyl and /-menthy] 
esters, 344. 
Di-n-butyltelluronium dihydroxide, and its salts, 345. 
5:5’-Dicarboxy-2:2’-di-(2’:4’-dichlorophenoxy)diphenyl 
diselenide, 35. 
5:5’-Dicarboxy-2:2’-di-(4’-m-xylenoxy)diphenyl di- 
selenide, 36. 
—e sulphide, di-5-hydroxy-, derivatives of, 


Di-6-/-cumylmethane, di-5-hydroxy-, lithium deriv- 
ative, 2026. 

Dicyclic compounds, synthesis of, containing angular 
methyl group, 660. 

Di-2-cymyl sulphide, di-6-chloro-3-hydroxy-, deriv- 
atives of, 2026. 

6:6’-Di-6”-(2”:2’” -dipyridyl)-2:2’-dipyridyl, 1672. 


hydro- 















2:6-Di-6”-(2’:2”-dipyridyl)pyridine, 1671. 

Dielectric polarisation. See under Polarisation. 

Dielectrodes, new, 2111. 

Diels-Alder addition, solvent effects in, 236. 

1-Diethylamino-5-p-anisyl-4‘-penten-3-one hydro- 
chloride, and its phenylhydrazone, 1239. 

1-Diethylamino-5-(2’-n-butoxyphenyl)-4‘-penten-3-one 
hydrochloride, and its phenylhydrazone, 1574. 

a-Diethylamino-8-hydroxy-f-phenylpropionic acid, 
ester hydrochlorides, 659. 

1-Diethylamino-5-(4’-methoxy-3’-ethoxyphenyl)-4‘- 
penten-3-one hydrochloride. and its phenylhydr- 
azone, 1570. 

Diethyl ketone, photolysis of, 1538. 

Diformyl-1:4-phenylenediamine, dinitroso-, 1371. 

Digermane, oxidation of, 1900. 

aB-Di-4'-cyclohexenylethylene, 987. 

aB-Dicyclohexylethane, a8-dibromo-, 1:1’-oxide, 990. 

aB-Dicyclohexylethylene 1:1’-oxide, 990. 

9:10-Dihydroanthracene, configuration of, 404. 
crystal structure of, 1074. 

Dihydroascaridole, 832. 

Dihydrobenzanthrenespirocyclohexane, 195. 

Dihydrobrucidine-D, 1471. 

Dihydro-y-caryophyllene, and amino-, and their 
derivatives, 1210. 

2:3-Dihydrocoumarono(2’:3’:3:2)indole, nitrohydroxy-, 
derivatives of, 1217. 

2: 3-Dihydrocoumarono(2’:3’:3:2)indole-1-carboxylic 
acid, nitrohydroxy-, acetyl derivative, ethyl ester, 
1217. 

cis- and trans-Dihydrocryptols, and their derivatives, 
1820. 


Dihydrocryptone, spectrum of, absorption, 1411. 

Dihydrodeguelin methyl ether, 739. 

d-Dihydrodeguelin, 526. 

9:10-Dihydro-1:2:5:6-dibenzanthracene, crystal struc- 
ture of, 1074. 

Dihydrodimethyldesstrychnidine-D, and its meth- 
iodide, 1486. 

Dihydroeremophilone, hydroxy-, constitution of, 767. 

Dihydroflavoglaucin, and its derivatives, 2059. 

Dihydrophellandral, spectrum of, absorption, 1411. 

3:4-Dihydrophenanthrene-2-carboxylic acid, and its 
ethyl ester, 2004. 

2:3-Dihydrophthalazine, 5-amino-1:4-dihydroxy-, per- 
oxide, barium and sodium salts, 792. 

d-Dihydroepirotenone, 526. 

Dihydrostrychnidine-A, Hofmann degradation of, 1483. 

Dihydrostrychnidine-D, conversion of, into dihydro- 
strychnidine-A, 1467. 

Dihydro-a-toxicarol methyl! ethers, 740. 

l-Dihydro-a-toxicarol, 534. 

Dihydro-c- and -8-toxicarols, 529. 

Di-imidochlorides, 476. 

aa’-Diketoadipic acid, and its tetramethyl derivative, 
714. 


1:4-Diketo-3-(aminoaryl)tetrahydrophthalazines, 1079. 
1:4-Diketo-3-(2’-aminopheny])tetrahydrophthalazine, 
and its diacetyl derivative, 1082. 
1:4-Diketo-3-(3’-aminophenyl)tetrahydrophthalazine, 
and its N-acetyl derivative, 1081. 
1:4-Diketo-3-(4’-aminophenyl)tetrahydrophthalazine, 
and its N-acetyl derivative, 1081. 
1:4-Diketo-3-(4’-chloro-2’-aminophenyl)tetrahydro- 
phthalazine, and its diacetyl derivative, 1083. 
1:4-Diketo-3-(4’-chloro-2’-nitrophenyl)tetrahydro- 
phthalazine, 1082. 
1:4-Diketodecahydrophenanthrene, 62. 
1:5-Diketo-2:3-di-p-anisyl-1:5-di-p-tolylpentane, 1885. 
2:11-Diketo-5:14-dimethyl-1:2:9:10:11:18-hexahydro- 
chrysenes, 399. 
2:11-Diketo-9:18-dimethyl-1:2:9:10:11:18-hexahydro- 
chrysenes, 399. 
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1:5-Diketo-1:2-diphenyl-3-p-anisyl-5-p-tolylpentane, 
1885 


1:5-Diketo-1:5-diphenyl-2:3-di-p-anisylpentane, 1885. 

er trans-Diketohexahydrochrysene dihydrazones, 

3’:4-Diketo-7-methoxy-1:2:3:4-tetrahydro-1:2-cyclo- 
pentenophenanthrene, and its 2:4-dinitrophenyl- 
hydrazone, 1996. 

Diketones, unsaturated, addition of alkylmalonic 

esters to, 45. 
9: 10-Diketo-octadeeahydro-1: 2:5:6-dibenzanthracene, 


1: 5 Diketo-8 ’-phenyl-2-p-anisyl-1-p-tolyl-5-(2’-meth- 
oxy-1-naphthyl)pentane, 1885. 
ne ae 
1:5-Diketo-3-phenyl-5-o-hydroxypheny]!-2-p-anisyl-1-p- 
tolylpentane, 1885. 
3’:4-Diketo-1:2:3:4-tetrahydro-1:2-cyclopentenophen- 
anthrene, and its derivatives, 1995. 
Dilatometry of aromatic nitration, 929. 
Dimenthylamines, 2021. 
2:5-Dimethoxy-n-amylbenzene, 2067. 
2:5-Dimethoxyisoamylbenzene, 2069. 
2:5-Dimethoxybenzenesulphonic acid, 373. 
3:4-Dimethoxybenzoic acid, 2:5-dihydroxy-, 1604. 
Di-3-methoxybenzylacetic acid, and its barium salt and 
amide, 174. 
y-(3:4-Dimethoxybenzyl)butyrolactone, and nitro-, 806. 
Di-3-methoxybenzylmalonic acid, 174. 
2:6-Dimethoxycinnamic acid, 1833. 
6:6’-Dimethoxydibenzanthrone, 2050. 
3:3’-Dimethoxydibenzyl, 174. 
as ~ teams ketone, and its derivatives, 
74, 


6:7-Dimethoxy-2-(3’:4’-dimethoxybenzyl)-3-methyl- 
naphthalene 1685. 
4:6-Dimethoxy-3:5-dimethylcoumarone-2-carboxylic 
acid, and its ethyl ester, 308. 
4:6-Dimethoxy-3:5-dimethylcoumarone-2-pyruvic acid, 
and its derivatives, 309. 
6:7-Dimethoxy-1:3-dimethylnaphthalene, and _ its 
picrate, 808. 
5:8-Dimethoxyflavone, 7-hydroxy-, 1558. 
2:4-Dimethoxy-3-formylbenzoic acid, 1831. 
4:6-Dimethoxy-2-formyl-3:5-dimethylcoumarone, and 
its 2:4-dinitrophenylhydrazone, 308. 
4:6-Dimethoxy-2-formyl-3-methylcoumarone, and its 
2:4-dinitrophenylhydrazone, 307. 
4:6-Dimethoxy-5-methylacetophenone,  2-hydroxy-, 
and its 2:4-dinitrophenylhydrazone, 308. 
2:6-Dimethoxy-f-methylcinnamic acid, 231. 
4:6-Dimethoxy-3-methylcoumarone-2-acetic acid, 308. 
ST re acid, 


4:6-Dimethoxy-3-methylcoumarone-2-pyruvic acid, and 
its derivatives, 308. 
2:5-Dimethoxy-3:4-methylenedioxy-1l-allylbenzene, 
synthesis of, and its derivatives, 1602. 
6:7-Dimethoxy-3:1-cndomethyleneoxy-1-methyl- 
1:2:3:4-tetrahydronaphthalene, 807. 
6:7-Dimethoxy-3:1-endomethyleneoxy-1-methyl- 
1:2:3:4-tetrahydronaphthalene-2-carboxylic acid, and 
its methyl ester, 807. 
2:6-Dimethoxy-8-methyl-3-ethylcinnamic acid, 1068. 
3:5-Dimethoxy-4-methylphenoxyacetone, 2:4-dinitro- 
phenylhydrazone, 308. 
4:6-Dimethoxy-6-methyl-a-pyrone, 3-hydroxy-, 713. 
8:4’-Dimethoxyphenanthracyclopentadienochromylium 
ferrichloride, 1395. 
3:5-Dimethoxyphenoxyacetone 2:4-dinitrophenylhydr- 
azone, 307. 
2:4-Dimethoxyphenyl af-epoxy-f-3:4-methylenedioxy- 
styryl ketone, 1883. 
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7-3’:4’-Dimethoxyphenylheptoic acid, 4-hydroxy-, lac- 
tone, 2008. 
2:4-Dimethoxyphenyl a-hydroxy-f-ethoxy-f-3:4- 
methylenedioxyphenylethyl ketone, 1884. 
2:4-Dimethoxyphenyl a-hydroxy-f-formoxy-f-3:4- 
methylenedioxyphenylethyi ketone, 1885. 
2:4-Dimethoxyphenyl a-hydroxy-f-methoxy-f-3:4- 
methylenedioxyphenylethyl ketone, 1884. 
2:4-Dimethoxyphenyl-3:4-methylenedioxybenzylglycol- 
lic acid, 1884. 
3-(2’:4’-Dimethoxypheny])-5-(3’:4’-methylenedioxy- 
phenyl )4:5-dihydropyrazole, 4-hydroxy-, 1884. 
ay-Di-3-methoxyphenylisopropylamine, diacetyl deriv- 
ative, 174. 
BLS ee nEEE chloride, di-5-chloro-, 
847. 


2:5-Dimethoxy-n-propylbenzene, 2070. 
3:4-Dimethoxy-a-pyrone-6-carboxylic 
ester, 713. 
2:6-Dimethoxy-m-toluic acid, 1831. 
Dimethoxy-2:5-toluquinones, isomeric, 439. 
3:4-Dimethoxytoluquinone, 441. ; 
2:5-Dimethoxyisovalerophenone, 2069. 
6:7-Dimethoxy-1-veratryl-2-hydroxy methyl-1:2:3:4- 
tetrahydro-3-carboxylactone, 810. 
6:7-Dimethoxy-l-veratryl-2- and -3-methylnaphthal- 
enes, 811. 
6:7-Dimethoxy-1-veratryl-2-methylnaphthalene-3- 
carboxylic acid, and its methyl ester, 811. 
6:7-Dimethoxy-1-veratryl-3-methyl-1:2:3:4-tetrahydro- 
naphthalene-2-carboxylic acid, 812. 
6:7-Dimethoxy-1-veratrylnaphthalene-3-aldehyde, and 
its derivatives, 812. 
6:7-Dimethoxy-1-veratrylnaphthalene-3-carboxylic 
acid chloride, 812. 
6:7-Dimethoxy-1-veratryl-1:2:3:4-tetrahydronaphthal- 
ene-3-carboxylic acid, and its methyl ester, 813. 
Dimethyl telluride mercuric halides, 282. 
4:6-Dimethyl altrose, preparation of, from glucose, 
472. 
1-Dimethylamino-5-p-anisyl-4‘-penten-3-one hydro- 
chloride, and its derivatives, 1239. 
o-Dimethylaminobenzaldehyde, preparation of, and its 
semicarbazone, 753. 
m-Dimethylaminobenzaldehyde, preparation of, and 
its derivatives, and 6-nitroso-, 751. 
o- wg m-Dimethylaminobenzylideneacetophenones, 
752. 
1-Dimethylamino-5-(3’-methoxy-4’-ethoxypheny])-4‘- 
penten-3-one hydrochloride, and its derivatives, 
1571. 
1-Dimethylamino-5-(4’-methoxy-3’-ethoxyphenyl)-4‘- 
penten-3-one hydrochloride, and its derivatives, 
1570. 
1-Dimethylamino-5-(3’:4’-methylenedioxypheny])-4*- 
penten-3-one hydrochloride, 1570. 
3-Dimethylamino-9-methylphenanthridine, 
hydrochloride, 393. 
9-Dimethylamino-10-methylphenanthridinium iodide, 
396. 
9-Dimethylaminophenanthridine, its hydro- 
chloride, 396. 
9-p-Dimethylaminophenyl-10-methylphenantbridin- 
ium salts, 394. ‘ 
1-Dimethylamino-5-phenyl-4‘-penten-3-one = hydro- 
and its 


acid, methyl 


and its 


and 


chloride, and its phenylhydrazone, 1238. 
9-p-Dimethylaminophenylphenanthridine, 
hydrochloride, 394. 
S-(6-Dimethylamino-2-quinolylmethiodide)-5-acridyl- 
ethene, 657. 
S-(6-Dimethylamino-2-quinolylmethochloride)-5- 
acridylethene, 657. 
4-(p-Dimethylaminostyryl)pyridine methiodide, spec- 
trum of, absorption, 1454. 
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2:4-Dimethyl 3:6-anhydroglucose, and its derivatives, 
1095. 


2:4-Dimethyl 3:6-anhydro-f-methylglucoside, 1095. 

2:6-Dimethyl 3:4-anhydro-8-methylalloside, 1093. 

4:6-Dimethy] 2:3-anhydro-a-methylalloside, 1095. 

4:6-Dimethy] 2:3-anhydro-8-methylalloside, 1096. 

2:3-Dimethyl /-arabinose, 504. 

2:3-Dimethyl /-arabonic acid, amide and lactone of, 
504. 

1:2-(4’:5’-Dimethylbenz)-3:4-dihydrocarbazole, and its 
2:4-dinitrophenylhydrazone, 1309. 

2-Dimethylbenzoyldiphenyl-2’-carboxylic acids, 1564. 

2-Dimethylbenzoyldiphenyl-2’-carboxylic acids, 2-hydr- 
oxy-, 1566. 

4-2’:5’-Dimethylbenzoylfluorenone, 1564. 

N(6)N(6)-Dimethyldesbrucidine dimethiodide, 1489. 

By-Dimethylbutadiene, dimerisation of, in presence of 

acid catalysts, 11. 

liquid and solid polymerides of, 287. 

3:3-Dimethylcyclobutane-l-carboxylic acid, and 1- 
bromo-, methyl esters, and 1-hydroxy-, 1213. 

3:3-Dimethylcyclobutane-1:1-dicarboxylic acid, and its 
esters, 1213. 

3:3-Dimethylcyclobutanone, and its semicarbazone, 
1214. 


2:6-Dimethyl-4-n-butyl-1:4-dihydropyridine-3:5-dicarb- 
oxylic acid, ethyl ester, 1022. 

2:6-Dimethyl-4-n-butylpyridine-3:5-dicarboxylic acid, 
ethyl ester, 1023. 

Dimethyl chlorohexose, 1096. 

1:10-Dimethylehrysene, attempted preparation of, 
by dehydrogenation, 1853. 

§:14-Dimethylchrysene, and its derivatives, 399. 

8-Dimethyldiethylmethylenediamine, 1312. 

9:10-Dimethyl-9:10-dihydrophenazine, configuration of, 


404. 

N(b)N(6)-Dimethyldesdihydrobisneostrychnidine meth- 
iodide, 1481. 

N(6)N(6)-Dimethyldesdihydrostrychnidine-D 
iodide, 1480. 

Dimethyldiphenyl. See Ditolyl. 

5:5’-Dimethyldiphenylsulphone, 2:2’-dihydroxy-, de- 
rivatives of, 903. 

af-Di-(3:4-methylenedioxybenzyl)butyrolactones, and 
dibromo- and dinitro-derivatives, 1988. 

af-Di-(3:4-methylenedioxybenzyl)succinic acids, and 
their derivatives, 1987. 

af-Dimethyl-y-ethylglutaric acid, 54. 

2:6-Dimethyl gluconophenylhydrazide, 836. 

2:6-Dimethylglucose, 833. 

y5-Dimethyl-4”-hexadiene-fe-dione dioxime, hydro- 
chloride of, 1968. 

<< ete 

2:2-Dimethylcyclohexylacetic acid, 776. 

2:2-Dimethylcyclohexylacetic acid, 1l-hydroxy-, and 
its ethyl ester, 775, 777. 

dl-, d-, and 1-2:2-Dimethylcyclohexylacetic acids, and 
their derivatives, 774. 

ar ~* Wreeperatenencun teshisninaiasCicenumtaen 


2:2-Dimethylcyclohexylideneacetic acid, 777. 

5:7-Dimethyl-4-hydroxyquinaldine, 975. 

6:7-Dimethyl-1-keto-1:2:3:4-tetrahydronaphthalene 
phenylhydrazone, 1309. 

4:6-Dimethyl a-methylaltroside, 475. 

4:6-Dimethyl §-methylaltroside, 1815. 

2:3-Dimethyl methyl-/-arabinoside, 504. 

— 8-methylglucoside, and its derivatives, 


2:3-Dimethylnaphthalene, derivatives of, 1305. 

2:3-Dimethylnaphthalene-5-sulphonic acid, amide and 
barium salt of, 1310. 

6:7-Dimethyl-1-naphthol, 1310. 


meth- 


y-hydroxy-, dioxime, 














1:1-Dimethyl-4‘-n-pentenylcarbinol, preparation and 
cyclisation of, 662. 

9: 10-Dimethylphenanthridinium chloride and iodide, 
3-amino-, acetyl derivatives, 394. 

2: 6-Dimethyl-4-$-phenylethyl-1: 4-dihydropyridine-3:5- 
dicarboxylic acid, ethyl ester, 1022. 

2:2-Dimethylpropane, 1-bromo-3-hydroxy-, 
derivative, 1213. 

2:6-Dimethyl-4-isopropylpyridine-3:5-dicarboxylic acid, 
ethyl ester, 1023. 

O-Dimethylpyrousnic acid, synthesis of, 306. 

3:3’-Dimethylpyrromethene-4:4’-dicarboxylic 
ethyl ester, metallic derivatives, 372. 

Dimethylquinaldines, 4-amino-, 1087. 

5:7-Dimethylquinaldine, 3:4-diamino-, and 4-chloro-, 
and their picrates, 976. 

6: siemens 3:4-diamino-, and its picrate, 


3-acetyl 


acid, 


2:2'-Dimethylquin(3: 4:5’:4’)iminazole, and its deriv- 
atives, 975. 

N(b)N (b)-Dimethyldesbisnecostrychnidine, and its deriv- 
atives, 1477. 

N(6)N(6)-Dimethyldesneostrychnidine, and its deriv- 
atives, 1478. 

N(b)N(b)-Dimethyldesstrychnidine-D, and its deriv- 
atives, 1486. 

 ~ * ence eneetaenenes disulphide, di-2-chloro-, 


O-Dimethyltetrahydrorottlerone, 311. 
Dimethylthallic acetylacetone, 1887. 
aa-Dimethylvaleranilide, 468. 
— selenide, di-2-hydroxy-, 
2022. 
Dinaphthyl sulphides, dinitro-, 1032. 
Diphenic acid, p-bromo- and p-chloro-phenyl and 
phenyl hydrogen esters, 1565. 
2:2’-Diphenic acid, 4:4’-dibromo-, methy] ester, 970. 
Diphenic anhydride, reaction of, with hydrocarbons 
and with phenols, 1561. 
Diphenyl, improvement of yield of, 110. 
Diphenyl, 4:4’-dicyano-, and -dinitro-, dipole moments 
of, 1878. 
4’-nitro- and 5:4’-dinitro-2-amino-, and 4’- and 
5-nitro-2-p-nitroamino-, 2-benzoyl derivatives, 
395. 
4-nitrosoamino-, acetyl derivative, 1370. 
Diphenyl compounds, configuration of, from dipole 
moments, 967. 
ether, and its derivatives, dipole moments of, 
1869. 
rearrangement of o-carbamyl derivatives of, 2052. 
sulphide, 4:4’-dichloro-2-nitro-, 1621. 
m-nitro-, 213. 
sulphoxide, m- and p-iodo-, 213. 
Diphenylamine, 3-chloro-2:4:6-irinitro-, 892. 
3:4’-dinitro-, 2055. 
Diphenylamine-2-carboxylic acid, diamino- and di- 
nitro-derivatives, 24. 
4:6-Diphenyl-2-n-amylpyrylium ferrichloride, 1991. 
1:3-Diphenyl-5-p-anisyl-4:5-dihydropyrazole, 1883. 
Diphenyl-p-anisylpropane-2:3-diols, and their deriv- 
atives, 724. 
1:4-Diphenylbenzene. See Terpheny]. 
4:6-Diphenyl-2-benzylpyrylium ferrichloride, 1991. 
ee eee dipole moments of, 
1878. 
2:2-Diphenylcyclobutanone-3-carboxylic-4-propionic 
acid, 1929. 


4:6-Diphenyl-2-isobutylpyrylium ferrichloride, 1991. 

Diphenyl-2-carboxylic acids, bromo-, chloro-, and 
nitro-, 115. 

Diphenyl-2:6-dicarboxylic acid, 1567. 

9:10-Diphenyl-9:10-dihydronaphthacene oxide, 11:12- 

dihydroxy-, 1150. 


derivatives, 
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9:10-Diphenyl-9:10-dihydronaphthacene-11:12-quin- 
one, 9:10-dihydroxy-, 1149. 

2:3-Diphenyl-2:3-dihydronaphthoxazines, 340. 

ee acid, methyl ester, 


1: 5-Diphenyl-3-8-dimethylaminoethylpyrazoline hydro- 
chloride, 1238. 

1:3-Diphenyl-2:3-dimethylhydrindene, 726. 

1:3-Diphenyl-2:3-dimethylindene, 726. 

2:2’-Diphenyl-6:6’-diquinolyl, 4:4’-dihydroxy-, 477. 

2:2’-Diphenyl-6:6’-diquinolyl-3:3’-dicarboxylic acid, 
4:4’-dihydroxy-, and its ethyl ester, 477. 

Diphenylene oxides, selenides, and sulphides, iso- 
morphism in binary systems of, 

4:6-Diphenyl-2-ethylpyrylium ferrichloride, 1991. 

9:9-Diphenylfluorene-4-carboxylic acid, 9:9-di-p-hydr- 
oxy-, 1568 

rm, isomeric, and their derivatives, 

578. 


4:6-Diphenyl-2-hexylpyrylium ferrichloride, 1991. 

Diphenylketen, addition of, to styrene, 727. 
additivity of, 1925. 

£B-Diphenyl-a-methylbutyric acid, 725. 

8B-Diphenyl-a-methylbutyryl chloride, 725. 

1:3-Diphenyl-2-methyl-1-indenol, 726. 

9:10-Diphenylnaphthacene-11:12-quinone, 1150. 

1:4-Diphenylnaphthalene-2:3-dicarboxylic acid, anhydr- 
ide and butyl hydrogen ester, 1149. 

5:5-Diphenylpentane-1:3:4-tricarboxylic acid, 1929. 

3:8-Diphenyl--phenanthroline, 1:10-dihydroxy-, 478. 

3:8-Diphenyl--phenanthroline-2:9-dicarboxylic acid, 
1:10-dihydroxy-, ethyl ester, 478. 

3:9-Diphenylphenanthroline-2:8-dicarboxylic acid, 1:7- 
dihydroxy-, ethyl ester, 477. 

1:5-Diphenyl-3-f-piperidinoethylpyrazoline hydro- 
chloride, 1238. 

4:6-Diphenyl-2-propylpyrylium ferrichlorides, 1991. 

4:6-Diphenyl-2-styrylpyrylium ferrichloride, 1991. 

Diphenylsulphone, fission of, 459. 

Diphenylsulphone, amino-, chlorohydioxy-, and hydr- 
oxy-derivatives, and their derivatives, 901. 
4-chloro-2-nitro-, mobility of groups in, 1618. 
4-chloro-2-nitro-, 4:4’-dichloro-2:3’-dinitro-, 
4:2’:5’-trichloro-2-nitro-, 1620. 

Diphenylthallic acetylacetone, 1888. 

1: ————_ l-hydroxy-, metallic derivatives 
of, 1349 

1:3-Dipiperidinobenzene, 2:4:6-trinitro-, 892. 

af-Dipiperidinobutyric acid, ethyl ester, 964. 

af-Dipiperidino-£-phenylpropionic acid, ethy] ester, 964. 

Dipole moments and molecular structure, 1100. 
of aldehydes, 1444. 
of alkyl halides in solution, 977. 
of amines in various solvents, 1598. 
of vapours, 1195. 

eee and dinitroso-, 

Ditsopropyl ether, ignition of, under pressure, 238. 

1-Di-n-propylami isyl-4‘-penten-3-one, and 
its phenylhydrazone, hydrochlorides, 1239. 

Di-n-propyl ketone, photolysis of, 1539, 1544. 

Dipyridinium ruthenium tetrachloride, 1423. 

2:2’-Dipyridyl perrhenate, 1861. 
rhenichloride, 1860. 
rheniumdioxocyanides, 1860. 

2:2’-Dipyridyl, amino-, bromo-, cyano-, 
derivatives, 1668. 

2:2’-Dipyridylamine, 5-amino-, and 5-nitro-, 1297. 


and 


and nitro- 


4:4’-Di-3’ ” and -4-pyridyl-2:2’ -dipyridyls, 1671. 
z ‘-pyridyldipyridyls, 1670. 

6:6’-Di-2”-pyridyl-2:2’-dipyridyl. See 2:2/:2”:2’”- 

Tetrapyridyl. 
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6:6’-Di-2’’-pyridyl-3:3’-dipyridyl, 1671. 

Dipyridylium ruthenium tetrachloride, 1423. 

2:6-Di-2’-pyridylpyridine, 6’-mono-, and _ 6’:6’-di- 
bromo-, 1670. 

2:2’-Dipyridylruthenium, tribromo-, trichloro-, and 
triiodo-nitroso-, 1677. 

6:6’-Diquinolyl, derivatives of, from di-imidochlorides, 
476. 

Dissociation constants and constitution of carboxylic 

acids, 1222. 

of monocarboxylic acids, 357. 

Distillation, fractional, of constant-boiling mixtures, 
1720. 

2:4-Distyrylpyridine, 478. 

Disulphide linking, fission of, 1872. 

2:2’-Dithiobenzoic acid, 5:5’-di- and 5:5 
chloro-, 2116 

Dithujylamines, 2021. 

NN’ ‘~Di-p-tobneneouiphonyibistzimethylencimine-S: 3- 
spiran, 1595. 

2:2’-Ditolyl, 4:4’-dichloro-, 970. 

By-Di-p-tolyladipic-a acid, and its methy] ester, 398. 

Di-o-tolylstibine, di-4-chloro-, and its dichloride, 847. 

By-Diveratroylbutane, 1684. 

ad-Diveratryl-8y-dimethylbutane-ad-diol, 1684. 

2:5-Diveratryl-3:4-dimethylfuran, 1684. 

Dixylyl sulphides, di(chlorohydroxy)-, and dihydroxy-, 
and their derivatives, 2025. 

Docosahexaenoic acid, 427. 

Dodecyl alcohol, 12-chloro-, and its phenylurethane, 
1680. 

1-Dodecylpyridinium salts, 683. 

Duboisia myoporoides, alkaloids of, 1685. 

Duroquinol, and its O-benzoyl derivative, ethers of, 
257. 

Dyes, vat green, 
thiophen, 541. 
Dypnone, reaction of, with acyl chlorides and alde- 

hydes, 1990. 


’:3:3’-tetra- 


from hydroxyanthranols and 


E. 


Electrolytic conductivity of mixed aqueous salt 

solutions, 448. 
oxidation, 1039. 

Electrons, diffraction of, and surface structure, 1137. 

Emulsions, water-in-oil, 1252. 

Energy, activation, of organic reactions, 848, 858, 862. 

Equations, Arrhenius, relation between constants of, 
236 


Macleod, extension of, 261. 
Eremophilone, and hydroxy-, constitution of, and 
their derivatives, 767. 
Ergostatetraene, 875. 
Ergostatetraenone, and its derivatives, 875. 
Ergostatrienone enol-acetate, 875. 
isoErgostatrienone, and its derivatives, 876. 
Escallonia tortuosa, ursolic acid in, 999. 
Esters, acid hydrolysis of, 862. 
in mixtures of deuterium oxide and water, 957. 
aliphatic saturated, alkaline hydrolysis of, 1439. 
b.p. and mol. wt.. of, 828. 
hydrolysis of, transmission of substituent influences 
in, 1801. 
a-substituted 4*-unsaturated, addition of alkyl- 
malonic esters to, 48. 
Ethers, b.p. and mol. wt. of, 828. 
1-Ethinylcyclohexanol, preparation of, and its deriv- 
atives, 61. 
2-p-Ethoxybenzoyldiphenyl-2’-carboxylic acid, 1565. 
2-Ethoxybenzylideneacetone, 1573. 
2-Ethoxyphenyl-p-tolylsulphone, 4-chloro-, 1621. 
Ethoxyquinaldines, 4-amino-, 1087. 
Ethyl alcohol, dielectric polarisation of, in ethers, 460 
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Ethyl bromide, hydrolysis of, in acetone, 840. 
5-chloroamyl] sulphide, 814. 
6-chlorohexyl sulphide, 814. 
4-Ethylaceto-1-naphthalide, 403. 
5-Ethylbarbituric acid, 5-chloro-, 1623. 
1’-Ethylmesobenzanthrone, 403. 
Ethylbenzene, nitration of, 943. 
2’-Ethyl-3:4-benzfluorenone, 404. 
5-Ethylbenzoic acid, 2:4-dihydroxy-, and its methyl 
ester, condensation of, with ethyl acetoacetate, 
1066. 
3-Ethyl-3-isocarbotine, 2014. 
a-Ethylerotonic acid, ethyl ester, preparation of, 53. 
Ethylene, s-dichloro-, mercury derivatives of, 1218. 
Ethylenediammonium ruthenium tetrachloride, 1423. 
Ethylhexamethylenesulphonium chloroplatinate, 814. 
1-Ethylcyclohexanol nitrobenzoates, 61. 
4:6-Ethylidene 8-methylglucoside 3-nitrate, 834. 
4:6-Ethylidene a- and 8-methylglucosides, 795. 
4:6-Ethylidene 2-methyl fS-methylglucoside, and its 
3-nitrate, 834. 
Ethylidenephthalimidine, 5. 
Ethylmalonic acid, ethyl ester, preparation of, 54. 
1-Ethylnaphthalene, 4-iodo-, and 4-nitro-, 403. 
O-4’-Ethyl-1’-naphthylbenzoie acid, 403. 
Ethylpentamethylenesulphonium chloroplatinate, 815. 
Ethylvanillylideneacetones, 1569. 


F. 


Fichtelite, mol. wt. of, 1241. 
Films, reaction kinetics i in, 729. 
Flavanone, 7:4’-dihydroxy-. See Liquiritigenin. 
Flavone, trihydroxy-derivatives, 1558. 
5:6:7:8:3':4’-hexahydroxy-, and its derivatives, 1005. 
Fluorenone, 4-bromo-, 1375. 
Fluorenones, bromo-, chloro-, and nitro-, 113. 
Formazyl-2:4-dinitrobenzene, and ~pp’-di- and 
2’:2”:4’:4”-tetra-bromo-, and 2’:2”:4’:4”-tetrachloro-, 
1843. 
Formic acid, dimeric, stability of, 1243. 
ethyl ester, hydrolysis of, in acid solutions in mix- 
tures of deuterium oxide and water, 957. 
3-Formylbenzoic acid, 5- bromo-2:4-dihydroxy-, methyl 
ester, and its 2:4-dinitrophenylhydrazone, 1830. 
2:4-dihydroxy-, and its methyl ester and deriv- 
atives, 1830. 
Franklin Memorial Lecture, 583. 
Fuels, knocking and non-knocking, spontaneous 
ignition of, under pressure, 238. 
Fumaric acid, ethyl ester, condensation of, with ethyl 
benzylmalonate, 42. 
Furfurylideneacetoveratrone, 1392. 
Furfurylidene-2-acetylnaphthalene, 1394. 
Furfurylidene-6-methoxy-2-acetylnaphthalene, 1396. 
a B-di-n-butylaminoethyl ketone hydrochloride, 
5 
2-Furyl os B-hydroxyethyl)aminoethyl ketone hydro- 
chloride, 1055. 
ar f-dimethylaminoethyl ketone hydrochloride, 
“ B-di-n-propylaminoethyl ketone hydrochloride, 


e-Faryi B-piperidinoethyl ketone hydrochloride, 1055. 


G. 
ae 1461. 
Galactose, 3-p-toluenesulphonyl derivatives, hydro- 
lysis of, 1585. 
Gases, viscosity of, 1061. 
Germane, oxidation of, 1900. 














Germanium tetrachloride, electric polarisation of, 


1276. 
hydrides, oxidation of, 1900. 
Germanous iodide, preparation of, 197. 


Glucose, 3-amino-, preparation of derivatives of, 1810. 


Glycols, aliphatic, derivatives of, 1679. 
Gomberg reaction, 108. 

Grignard reaction, modified, 201. 

Guanine deoxyriboside, constitution of, 692. 
Guanosine, constitution of, 692. 

d-Gulosazone, and its acetyl derivatives, 1385. 
Gutta, Mariposa. See Palaquium leiocarpum. 


H. 
Halogens, b.p. and mol. wt. of, 828. 


reversible replacement of, in aromatic compounds, 


1783. 

Halogen organic compounds, catalytic reduction of, 
1622. 

Harmine, synthesis of, 97. 

Heat of rupture of linkings in relation to force con- 
stant and internuclear distance, 2106. 

Helix pomatia, galactogen from albumin glands of, 
1461. 

2-n-Heptadecylpyridine, and its salts, 683. 

Heptane, ignition of, under pressure, 238. 

— constitution and physical properties of, 


P.. Deeg photolysis of, 1530. 

dl-A8..Heptene, 5-chloro-, 1918. 

Herbacetin, synthesis of, 56. 

‘** Heterocholestenone,”’ and its derivatives, 760. 

Heterocyclic compounds, configuration of, 29, 37, 404, 
1001. 


tautomeric mobility and unsaturation of, 321. 
Hevea brasiliensis, latex, effect of ammoniation on, 
2032. 
Hexadecamethylene sulphides, 1896. 
Hexadecane, 1:16-dichloro-, 1681. 
Hexadecanedicarboxylanilide-pp’-diarsonic acid, 444 
>: cccmceemees acid, methyl hydrogen ester, 


Hezadecyl alcohol, 16-chloro-, 1680. 

1:2:9:10:11: 18-Hexahydrochrysene, 399. 

Hexamethylbenzene, action of, with trichlorotrinitro- 
benzene and with trinitromesitylene, 761. 

Hexamethylene chlorohydrin, 814. 

Hexamethylenetetramine, dipole moment of, in chloro- 
form, 1921. 

cycloHexane, constitution and physical properties of, 
1323. 


cycloHexane-1-carboxylic-2-a-propionic acid, 52. 

cycloHexane-1:2-dione, phenyl- and tolyl-hydrazones 
of, 8. 

cycloHexanone, autocondensation of, and its con- 

densation with aniline, 1171. 

photolysis of, 1529. 

cycloHexanone, 4-hydroxy-, acetyl derivative, deriv- 
atives of, and its condensation with cyclohexylidene- 
acetaldehyde, 545. 

Hexapyridyl, 1672. 

cycloHexenylacetaldehyde semicarbazone, 545. 

cycloHexylacetylene, a8-di-1-hydroxy-, and its diacetyl 
derivative, 989. 

cycloHexylethylene, af-di-1-hydroxy-, diacetyl deriv- 
ative, 989. 

cycloHexylideneacetaldehyde, derivatives of, and its 
condensation with 4-hydroxycyclohexanone, 545. 

cycloHexylideneacetic acid, attempted resolution of, 
and its alkaloidal salts, 494. 

Hexoic acid, association of, in benzene, 1795. 

ethyl ester, hydrolysis of, 1441, 
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Hexoic acid, ¢-3:5-dinitroamino-, benzoyl derivative, 
400 


1400. 
dl-, d-, and /-Hinokinins, synthesis of, 1985. 
Hydrazine hydrate, reaction of, with 4-chloroquinoline 
derivatives, 972. 
4-Hydrazino-8-methylquinaldine, 975. 
Hydrindene, 4:7-dibromo-5:6-dihydroxy-, and 5:6-di- 
hydroxy-, 352. 
5:6-Hydrindenequinone, 353. 
Hydrocamphorylacetic acid, 1999. 
Hydrocarbon, (,,H,,, from dehydrogenation of tri- 
meric By-dimethylbutadiene, 291. 
Hydrocarbons, acetylenic, hydration of, 19. 
aromatic, complex formation of, with polynitro- 
compounds, 761, 763, 1350. 
polycyclic, 193, 505, 1286. 
b.p. and constitution of, 826. 
reaction of, with diphenic anhydride, 1561. 
synthesis of, by modified Grignard reaction, 201. 
Hydrocyanic acid. See under Cyanogen. 
Hydrogen atoms, associating effect of, 375, 1034. 
isotopes, exchange of, in relation to prototropy, 78, 
319. 


Hydroxysulphones, aromatic, 899. 
Hypoiodous cations. See under Iodine. 


I. 


Ignition, spontaneous, under pressure of knocking and 
non-knocking fuels, 238. 

Indene nucleus, formation of, 723. 

Indigo, mol. wt. and vapour density of, 715. 

5-(3’-Indolal)-1-methylhydantoin, 1911. 

Indole series, 1402. 

5-(3’-Indolylmethy])-1-methylhydantoin, 1911. 

= of addition of, to olefinic compounds, 

79. 


Iodous cations, use of, in aromatic substitution, 1699. 
Iodous sulphates, 1702. 
*yn08. cations, action of, with chlorobenzene, 
708. 
Tonisation in ee ueous solvents, 1027. 
Iron, corrosion of, electrochemistry of, 614. 
Iron organic compo 
= “phthalocyanines, ‘wad their derivatives, 1162, 
7 
Isomerides, optically active, molecular solution 
volumes of, 123. 
Isotopes, analysis of, 89. 
pen reactions of, in organic compounds, 81, 91. 
table of, 1110. 


Kaempferol in Crocus, 281. 
6-Keto-3-acetoxy-4**-cholestadiene, 106. 
6-Keto-3-acetoxy-4‘-cholestene, bromination of, 1406. 
6-Keto-3-acetoxy-4‘-cholestene, 4-bromo-, 1407. 
7-hydroxy-, and its benzoate, 106. 
6-Keto-3-acetoxy-7-ethoxy-4‘-cholestene, 106. 
ae EERE TEE ee eerencmnererte S-oxide, 
et areryyT: acid, and its methyl ester, 


5-Ketoazelaodi-f-veratrylethylamide, Bischler- 
Napieralski reaction with, 2119. 
3’:8-Ketomesobenzanthrone, 1’-mono-, and di-chloro-, 
and 3-nitro-, 1839. 
2-Keto-1-benzenesuiphonyl-1:2-dihydrobenzisothiazole 
S-oxide, 2116, 





| 
‘| 
\ 





2144 Index of Subjects. 


= 6-benzo-1:2:3:4:7:8-hexahydropyridocoline, 


6-Ketocholanie acid, 3:5-dihydroxy-, and its deriv- 
atives, 226 
cis-7-Keto-4°-cholenic acid, and its derivatives, 226. 
6-Ketocholestane, 1408. 
6-Ketocholestanyl acetate, dibromination of, 102. 
6-Ketocholestanyl acetate, mono- and di-bromo- 
derivatives, 105. 
4:5-dibromo-, 1407. 
7-Ketocholestanyl acetate, bromination of, 334. 
and a- and £-6-mono-, and di-bromo-, 336. 
6-Keto-4‘-cholestene, 3:7-dihydroxy-, 106. 
4-Ketodecahydroquinoline, and its salts and benzoyl 
derivative, 1184. 
6-Keto-3:5’-diacetoxycholestane, 107. 
6-Keto-3:5’-diacetoxycholestane, 7-bromo-, 106. 
7-Keto-3:6-dibenzoyloxycholestane, 336. 
2-Keto-1:2-dihydrobenzisothiazole, S-oxide, 2116. 
2-Keto-1:2-dihydrobenzisothiazole, 4-chloro-, and its 
l-acetyl derivative, 2117. 
6-Keto-4:5-dimethoxycholestane, 3-hydroxy-, and its 
benzoate, 1408. 
1-Keto-6:7-dimethoxy-2-(3’:4’-dimethoxybenzyl )-3- 
methyl-1:2:3:4-tetrahydronaphthalene, 1685. 
1-Keto-6:7-dimethoxy-3-methyl-1:2:3:4-tetrahydro- 
naphthalene, 807. 
4-Keto-7-3’:4’-dimethoxyphenylheptoic acid, and its 
semicarbazone, 2007. 
17-Keto-3:12-dimethoxy-6:15:16:17-tetrahydropara- 
berine, synthesis of, 172. 
semicarbazone, 175. 
1-Keto-6:7-dimethoxy-2-veratrylidene-3-methyl- 
1:2:3:4-tetrahydronaphthalene, 1685. 
2-Keto-1:10-dimethyldecahydrochrysene, 1857. 
1-Keto-6:7-dimethyl-1:2:3:4-tetrahydronaphthalene, 2- 
mono- and 2:4-di-bromo-, 1310. 
12-Keto-9:11-diphenyl-11: 12-dihydronaphthacene, 11- 
hydroxy-, 1150. 
1-Ketododecahydro-5:6-benzpyridocoline, and its picro- 
lonate, 1319. 
B-Keto-esters, condensation of, with phenols in 
presence of aluminium chloride, 228, 1066, 1424. 
6-Keto-7-ethoxy-4‘-cholestene, 3-hydroxy-, 107. 
4-Keto-1-methoxy-3-(2’-aminophenyl)-3:4-dihydro- 
phthalazine, and its acetyl derivative, 1082. 
4-Keto-1-methoxy-3-(3’-aminophenyl-3:4-dihydro- 
phthalazine, 1081. 
4-Keto-1-methoxy-3-(4’-aminophenyl)-3:4-dihydro- 
phthalazine, and its acetyl derivative, 1080. 
4-Keto-1-methoxy-3-(4’-chloro-2’-aminopheny])-3:4-di- 
hydrophthalazine, and its acetyl derivative, 1083. 
4-Keto-1-methoxy-3-(4’-chloro-2’-nitropheny] )-3:4-di- 
hydrophthalazine, 1083. 
6-Keto-7-methoxy-4**"-cholestatriene, 107. 
1-Keto-6-methoxy-1:2:3:4:9:10-hexahydrophenanthr- 
ene, and its 2:4-dinitrophenylhydrazone, 696. 
2-Keto-7-methoxy-2:3:4:9:10:12-hexahydrophenanthr- 
* ene 2:4-dinitrophenylhydrazone, 2003. 
y-(2-Keto-5-methoxycyclohexyl)butyric acid, and its 
derivatives, 60. 
1-Keto-7-methoxy-2-hydroxy methylene-1:2:3:4:9:10- 
hexahydrophenanthrene, 187. 
1-Keto-7-methoxy-2-hydroxymethylene- 
1:2:3:4:9:10:11:12-octahydrophenanthrene, 187. 
1-Keto-7-methoxy-2-methyl-1:2:3:4:9:10:11:12-octa- 
hydrophenanthrene, 186. 
1-Keto-7-methoxy-1:2:3:4:9:10:11:12-octahydrophen- 
anthrene, preparation of, 185. 
1-Keto-7-methoxy-1:2:3:4:9:10:11:12-octahydro-2- 
phenanthroylformic acid, ethyl ester and lactone, 186. 
3’-Keto-7-methoxy-1:2:3:4-tetrahydro-1:2-cyclopen- 
-- + _orecmene See z-Norequilenin methyl 
ether. 





1-Keto-6-methoxy-1:2:3:4-tetrahydrophenanthrene 2:4- 
dinitrophenylhydrazone, 697. 

Keto-7-methoxy-1:2:3:4-tetrahydrophenanthrenes, §8- 
chloro-, 2011. 

2-Keto-10-methyldecahydrochrysene, and its deriv- 
atives, 1857. 

ot eneeteatec ares ererene 5-bromo-, 


1-Keto-2-methyl-1:2-dihydro-a-naphthoxazole, 326. 

2-Keto-1-methyl-1:2-dihydro-f-naphthoxazole, 327. 

1-Keto-9-methylhexahydronaphthalene, and its deriv- 
atives, 61. 

s eee and its semicarbazone, 


1-Keto-8-methyloctahydronyidooline, and its picrate, 


5-Keto-8-methyl-5:4:7:8-tetrahydro-1:2-benz-7-anthroic 
acid, and its semicarbazone, 511. 
5-Keto-8-methyl-5:6:7:8-tetrahydro-3:4-benz-7-phen- 
anthroic acid, 512. 
1-Ketomethyltetrahydrocarbazoles, and their deriv- 
atives, 9. 
1-Keto-3-methyl-1:2:3:4-tetrahydronaphthalene, and 
its derivatives, 1857. 
Ketone, C,,H,,0, and its 2:4-dinitrophenylhydrazone, 
from 5-keto-8-methylhydrindene, 1099. 
Ketones, y-acidic, hydrogen exchange and racemis- 
ation in, 78. 
b.p. and mol. wt. of, 829. 
condensation of, with phenols, 347. 
cyclic, photolysis of, 1521. 
aB-unsaturated, reactions of, 1820. 
spectra of, absorption, 1408. 
tricyclic, preparation of, 1097. 
heterocyclic, 1053. 
phenolic, condensation of, with ethyl acetoacetate 
and aluminium chloride, 1424. 
photolysis of, 1531. 
reaction of, with carbon monoxide and steam, 464. 
unsaturated, reduction of carbonyl group in, 698. 
3’-Keto-1:2-cyclopentenonaphthalene, 4-hydroxy-, and 
its 2:4-dinitrophenylhydrazone, 1393. 
3’-Keto-1:2-cyclopentenophenanthrene, 4-hydroxy-, 
and its derivatives, 1394. 
B-Keto-y-phenoxy-a-veratrylbutyramide, 808. 
B-Keto-y-phenoxy-a-veratrylpropane, a-cyano-, 808. 
at "hn caeet ret cen rareweainens 
1’-Keto-1’:2’:3’:4’-tetrahydro-1:2-benzanthracene, 509. 
1-Keto-1:2:3:4-tetrahydrocarbazole, compounds of de- 
rivatives of, with polynitro-compounds, 8. 
1-Ketotetrahydrocarbazole-8-carboxylic acid, and its 
p-nitrobenzyl ester, 9. 
fees seteereene saree acid, 


2-Keto-3:3:4:4-tetraphenyl-1-methyltrimethyleneimine 
oxide, 208. 
a 3:3:4-tetraphenyltrimethyleneimine oxide, 


<A 2-dihydrobenzisothi- 
azole S-oxide, 2116. 

B-Keto-p-(2:2: ¢-trimethyl-4*-cyclohexenyl)-{x(di- 
—— -dodecapentaene, and its derivatives, 

y-Keto-5-veratrylvaleric acid, 806. 


L. 


—_ acid, calcium salt, dissociation constant of, 
Lanthanum nitrate, hydrates of, 1920. 
Lead organic compounds :— 
“— — dichloride, thermal decomposition 
of, 14 












Lead tree, morphology of, 642. 

Le Chatelier Memorial Lecture, 139. 

Lectures, delivered before the Chemical Society, 125, 
131, 139, 583, 605, 1113, 1722. 

Leptospermone, 1193. 

Leucadenitron, leaves, constituents of, 282. 

Leucodrin, and its derivatives, and monobromo-, 
methyl ether, and its derivatives, and dibromo-, 
dichloro-, and dinitro-, 282. 

Lignans, action of selenium on, 1681. 

Linkings, relation between heat of rupture, force 
constant, and internuclear distance of, 2106. 

Liquids, reactions of, at high pressures, 784. 
viscosity of, 1063. 

Liquiritigenin, preparation of, 1321. 

—S chloride hydrates, transition temperatures 
of, 547. 


Lithium organic compounds :— 


Lithium phthalocyanines, 1159. 
Lumistatrienone, and its semicarbazone, 875. 
enol-acetate, 876. 
Lumisterol, structure of, and its stereoisomerides, 869. 
epiLumisterol, and its acetate, 875. 
Lupane, 332. 
Lupanone, and its derivatives, 332. 
a-, B-, and y-Lupenes, 332. 
Lupeol, constitution of, and its derivatives, 329. 
Lupin alkaloids, 1574. 
dl-Lupinine, resolution of, 1574. 
d- and /-Lupinines, and their salts, 1574. 


M. 
Magnesium sulphate, dissociation constant of, 2097. 


Maleic anhydride, reaction of, with f-phellandrene, 


2028. 
Malonic acid, potassium ethyl ester, electrolytic oxid- 
ation of, 1039. 
Maltose, potassium hydroxide compound of, 1690. 
Mandelic acid, calcium salt, dissociation of, in water, 
271. 
compounds formed by, with its metallic salts, 264. 
dissociation constant of, in water, 73. 
solubility of, in metallic chlorides and nitrates, 266. 
Manganese perchlorate, preparation of, 966. 
perrhenate, 966. 
d-isoMatairesinol dimethyl ether, and dibromo-, and 
dinitro-, 804. 
1-Matairesinol dimethyl ether, structure of, 797. 
l-n- and d-iso-Matairesinolic acid dimethyl] ethers, 804. 
Memorial Lectures, Franklin, 583. 
Le Chatelier, 139. 
Pictet, 1113. 
Menthane, chlorotrihydroxy-, and its p-nitrobenzoate, 
831. 


Menthone, spectrum of, absorption, 1410. 
l-Menthone, inversion of, in chlorobenzene solution, 
382. 
photolysis of, 1524... 
2-Mercuri-4’-carboxydiphenyl ether, 2-chloro-, 40 
2-Mercuri-4’-methyldiphenyl ether, 2-chloro-, 39. 


Mercury :— 
Mercuric halides, molecular volumes and parachors 
of, 1203. 
iodide, polymorphic transformation of, 1636. 
Mercury organic compounds :— 
Mercury bisdichloroethylenide, 1220. 
Chloromercury dichloroethylenide, 1220. 
Mercurie phthalocyanine, 1160. 
Mesitylene, trinitro-, action of, with hexamethyl- 
benzene and with naphthalene, 761. 
Metabolism, tyrosine, 125. 








Index of Subjects. 2145 


Metal trees, growth of, in gels, 642. 
Metallic salts, complex, constitution of, 702, 1949, 
2086 


dissociation of, in water, 271, 277, 2093. 
Methane, nitro-, aromatic nitration in, 929. 
nitro-derivatives, prototropy of, 1024. 
tetranitro-,. complexes of, with aromatic hydro- 
carbons, stability of, on methylation, 763. 
electric polarisation of, 1275. 
thiol-, hydrogenation of, 2034. 
3-Methoxyacetophenone, 2:4:6-trihydroxy-, 1559. 
so eeaeeeeeeernenereeee 7-hydroxy-, 


7-Methoxyacridine, 5-chloro-3-nitro-, 304. 

5-Methoxy-n-amylbenzene, 2-hydroxy-, 2066. 

5-Methoxy-3- and -4-n-amyloctophenones, 2-hydroxy-, 
and their 2:4-dinitrophenylhydrazones, 2067. 

5-Methoxy-4-isoamyloctophenone, 2-hydroxy-, 2:4- 
dinitrophenylhydrazone, 2069. 

4-Methoxybenzaldehyde, 2:3- dihydroxy 373. 

3’-Methoxymesobenzanthrone, 701. 

4-Methoxybenzoic acid, 2:3-dihydroxy-, 757. 

4-Methoxybenzyl alcohol, 3-bromo-, and 3-chloro-, and 
their derivatives, 1781. 

4-Methoxybenzyl ethyl ether, 3-bromo-, and 3-chloro-, 

1782. 


methyl ether, 3-chloro-, 1782. 
4-Methoxybenzylideneaniline, 3-bromo-, and 3-chloro-, 
1781. 


Methoxybromopropylbenzene, hydroxy-, 2008. 
5-Methoxy-8-carbomethoxycoumarin-3-carboxylic acid, 

ethyl ester, 1833. 
m-Methoxycinnamic acid, nitration of, 171. 
3-Methoxycinnamic acid, a-amino-, benzoyl deriv- 

ative, 174. 

2-, 4-, and 6-nitro-, and their methy] esters, 171. 
5-Methoxycoumarin, 1833. 
5-Methoxycoumarin-3:8-dicarboxylic acid, 1833. 
4-Methoxy-2-y-cyanopropylcyclohexanone-2-carboxylic 

—_ ethy] ester, and its 2:4-dinitrophenylhydrazone, 


¢-Methoxy-2: 4-dihydronaphthalene-1:2-dicarboxylic 
acid, derivatives of, 2004. 
6-Methoxy-3:4-dihydro-8-naphthoic acid, and its deriv- 
atives, 2003. 
y~-(6-Methoxy-3:4-dihydro-1-naphthyl)butyric acid, 
methyl ester, condensation of, with B-carbomethoxy- 
propionyl chloride in presence of aluminium 
chloride, 187. 
7-Methoxy-3:4-dihydrophenanthrene-2-carboxylic acid, 


Methoxy-N (})N(})-dimethylaihydrochanodihyarobienco- 
strychnidine, 147 
Methoxydimethyldiyrochancttrahyéroseychndines, 


Methoxy-N (5)N(5)-dimethyldihydrochanotetrahydro- 
strychnidine, 1481. 

2’-Methoxy-5:5’-dimethyldiphenylsulphone,  2-hydr- 
oxy-, and its derivatives, 903. 

Methoxydiphenylsulphones, 901. 

2-Methoxydiphenylsulphone, 5-chloro-, 902. 

4'-Methoxyflavone, 6:8-dibromo-7-hydroxy-, and 7- 
hydroxy-, 1321. 

4’-Methoxyflavonol, 7-hydroxy-, 1321. 

4-Methoxy-3-formylbenzoic acid, 2-hydroxy-, methyl 
ester, 1830. 

4-Methoxycyclohexanone-2-carboxylic acid, ethy] ester, 
and its 2:4-dinitrophenylhydrazone, 60. 

a> 1 Cneerenenes acid, derivatives 


&-{6'-Methonyiadolaljhydantein, 100. 
5-(6’-Methoxyindolylmethyl!)hydantoin, 100. 

7-Methoxy-3’-keto-1:2-cyclopentenophenanthrene, 4- 
hydroxy-, and its methyl ether, 1397. 
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6-Methoxy-2-3’-methoxybenzyl-1:2:3:4-tetrahydroiso- 
quinoline-3-carboxylic acid, and its barium salt, 
175. 

3-Methoxy-2-methylanthraquinone, 5:8-dihydroxy-, 
2063. 

6-Methoxy-4-methylcoumarin, 7-hydroxy-, and its 
acetyl derivative, 374. 

2-Methoxy-5-methyldiphenylsulphone, 902. 

4’-Methoxy-1’-methyldodecahydro-1:2-benzanthracene, 
510. 

4-Methoxy-2:3-methylenedioxyacetanilide, 374. 

4-Methoxy-2:3-methylenedioxyacetophenone, and its 
oxime, 374. 

2-Methoxy-3:4-methylenedioxybenzaldehyde, and its 
derivatives, 757, 758. 

2-Methoxy-3:4-methylenedioxybenzene, 1:5:6-tri- 
bromo-, 757. 

2-Methoxy-3:4-methylenedioxybenzoic acid, 758. 

4-Methoxy-2:3-methylenedioxybenzoic acid, and its 
methyl ester, 758. 

a- and B-2-Methoxy-3: 4-methylenedioxycinnamic acids, 
758. 

7-Methoxy-4-methyl-8-ethylcoumarin, 1428. 

6-Methoxy-1-methylphenanthrene, 694. 
and its picrate, 697. 

11-Methoxy-3-methy]-3:4:5:6-tetrahydro-4-carboline-5- 
carboxylic acid, 101. 

4’-Methoxy-a-naphthaflavone, 6-bromo-, 2119. 

6-Methoxy-2-naphthaldehyde, 5-chloro-, and its 2:4- 
dinitrophenylhydrazone, 2012. 

6-Methoxy-2-naphthoic acid, 5-chloro-, 2012. 

§-(6-Methoxy-2-naphthoyl)propionic acid, B- 
and its methyl ester, 2011. 

8-(6-Methoxy-2-naphthyl)acrylic acid, 2012. 

y-(6-Methoxy-1-naphthyl)butyric acid, y-5-chloro-, and 
its methyl ester, 2011. 

Papeete coy ores 

y-7-Methoxy-1-naphthylbutyric acid, 697. 

7-(8-6’-Methoxynaphthyl)-4:7-diketoheptoic acid, 1396. 

3-8-6’-Methoxynaphthylcyclopentan-l-one-2-acetic 
acid, and its methyl ester, 1996. 

3-(6’-Methoxy-f-naphthyl)-4?-cyclopenten-1-one-2- 

acetic acid, 1396. 

methyl ester, 1996. 

2-Methoxy-1-naphthyl! styryl ketone, 1885. 

5-Methoxyoctophenone, 2-hydroxy-, and its 2:4-di- 
nitropheny! hydrazone, 2070. 

2-Methoxyphenyl acetate, 5-amino-, and its acetyl 
derivative, 374. 

m-Methoxyphenylacetaldehyde, and its semicarbazone, 

~ 2006. 


5-chloro-, 


acid, y-5-chloro-, 


B-8-Methoxyphenylalanine, and its N-benzoyl deriv- 
ative, 174. 

8-3-Methoxyphenyl-N-3’-methoxybenzylalanine, 
its N-formy] derivatives, 175. 

Methoxyphenylmethylsulphones, 903. 

2-Methoxy-1-phenylnaphthalene-2’-carboxylic 
and its esters, 701. 

at ect mnt acid, methyl ester, 


and 


acid, 


4-Methoxy-a-pyrone-6-carboxylic acid, 3-hydroxy-, 
methyl ester, 712. ° 

y-(6-Methoxysuccinoyl-1-naphthyl)butyric acid, 2011. 

6-Methoxy-1:2:3:4-tetrahydronaphthalene-1:2-dicarb- 
oxylic acid, and its derivatives, 2005. 

i — Napatrcreererecnrseert rcv erates 

B-('7-Methoxy-1:2:3:4-tetrahydro-1-naphthy] ethyl alco- 
hol, and its derivatives, 697. 

ee “Orpen eee cnet esse 
acid, 175. 

6-Methoxy-f-tetralone, 
hydrazone, 2003. 


acid, 


and its 2:4-dinitrophenyl- 
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2-Methoxytoluene, 3:4:6-trihydroxy-, and its triacety] 
derivative, b 

4-Methoxytoluene-3-sulphon-o-nitromethylanilide, 
2055. 

a eptanerenmaee 6-hydroxy-, acetyl derivative, 


¢-Methoxy-t: 5-toluquinone, 4-hydroxy-, 440. 
B-4-Methoxy-m-tolylethyl alcohol, and its chloride, 
509 


2-B-(4’-Methoxy-m-toly] )ethyl-4**-octalin, 509. 
r-6-Methoxytryptophan, synthesis of, 97. 
5-Methoxy-n-valerophenone, 2-hydroxy-, and its 2:4- 
dinitrophenylhydrazone, 2066. 
5-Methoxyisovalerophenone, 2-hydroxy-, 
of, 2069. 
Methyl n-amy] sulphide, and its mercurichloride, 1875. 
bromide, hydrolysis of, in acetone, 840. 
bromo-, chloro-, and hydroxy-alkyl sulphides, 
1894. 
n-butyl sulphide mercurichloride, 1874. 
halides, ionic exchange reactions of, in water, 779. 
O-Methylacetophenone, w-bromo-, 447. 
Methyl-f-acetylethylmalonic acid, ethyl ester, 2006. 
ee acid, synthesis 
of, 0. 
1-Methylamino-ca-naphthoxazole, and its acetyl deriv- 
ative, 325. 
2-Methylamino-f-naphthoxazole, and its acetyl deriv- 
ative, 326. 
9-Methylaminophenanthridine, and its derivatives, 


derivatives 


i. < ea l-hydroxy-, and its acetyl 
derivative, 544. 
3:5:8-trihydroxy-, and its triacetyl derivative, 2064. 
3-Methy] /-arabinose, 504. 
5-Methylazobenzenesulphonic acids, 2-hydroxy-, cupric 
salts, 303. 
5-Methylbarbituric acid, 5-chloro-, 1623. 
Methyl-1:2-benzanthracenes, synthesis of, and their 
derivatives, 505. 
1’-Methyl-1:2-benzanthraquinone, 509. 
8-Methyl-1:2-benzanthraquinone, 512. 
3-Methyl-1:2-benzanthraquinone-5-carboxylic acid, 510. 
3-Methyl-1:2-benz-5-anthroic acid, and its methyl 
ester, 510. 

’-Methyl-4:5-benzhydrindene, and its picrate, 1099. 
Methyl-3:4-benzphenanthrenes, 1289 
Methyl-3:4-benz-10-phenanthroic acids, 1289. 
3-Methyl-2:3-o-benzoyleneindolenine, 341. 
3-Methylbenz-1:2:4-thiadiazine 1:1-dioxide, 2056. 
2-Methyl-1-47-butenylcyclopentanol, 669. 
2-Methyl-1-47-butenylcyclopentene, 669. 

Methyl n-butyl ketone, photolysis of, 1538. 
dl-a-Methylbutyrylnortropéine, salts, 1688. 
dl-c-Methylbutyryltropéine, salts, 1689. 
3-Methyl-3-isocarboline, 2014. 
Methylchrysene, and its derivatives, 1858. 
4-Methylcoumarin, 5-hydroxy-, 231. 
4-Methylcoumarin-6-carboxylic acid, 5-hydroxy-, and 
its methy] ester, and their derivatives, 230. 
4-Methyldaphnetin methylene ether, 1608. 
4-Methyldaphnetin, nitro-, dimethyl ether, 1608. 
9-Methyl-1-decalol, 664. 
3-Methyl-1:2:5:10-dibenz-9-anthrone, 510. 
Methyldi-n-butyltelluronium iodide, 344 
1’-Methyl-3’:4’-dihydro-1:2-benzanthracene, 
picrate, 509. 
N(6)-Methyldihydrochanodihydrostrychnidine dimeth- 
iodide, 1480. 
alloMethyldihydrochanodihydrostrychnidine, 1483. 
1-Methyl-1:2-dihydro-8-naphthoxazole, 2-imino-, and 
its acetyl derivative, 326. 
2-Methyl-1:2-dihydro-a-naphthoxazole, 1-imino-, 
its acetyl derivative, 325. 


and its 


and 














oe 7-amino-, and 7-hydroxy-, 


1-Methplaihydrophenaene-7-oe and its derivatives, 
1993 

N (b)-Methylchanodihydroncostrychnidine, methylation 
of, and its derivatives, 1472. 

allo-N(b)-Methyldesdihydrostrychnidine dimethiodide, 
1485. 


4-Methyl-1:1’-dinaphthyl ketone, 510. 
2-Methyldiphenyl, 4’-chloro-, 116. 

’-Methyldiphenyl ether 2- tellurichloride, 39. 
aS acer ether, 2-amino-, acetyl derivative, 


§-Methyldiphenylsulphone, 2-hydroxy-, and its deriv- 
atives, 902. 

Methylene, 409. 

Methylene chloride, valency angles in, 1195. 
group, reactivity of, in phenylacetic acid deriv- 

atives, 1841. 

Methyleneamines, cyclic, 1311. 

Methyleneazomethines, isomerisation and isotopic 
hydrogen exchange in, 319. 

Methylenecholestanone, hydroxy-, 357. 

9:7-Methylenedioxy-2-acetyl-l-methylnaphthalene 2:4- 
dinitrophenylhydrazone, 2007. 

3:4-Methylenedioxy-1-allylbenzene, 2-mono- and 2:5-di- 
hydroxy-, 1606. 

3:4-Methylenedioxybenzoic acid, 2-hydroxy-, and its 
acetyl derivative, and 2:5-dihydroxy-, and 5-nitro-2- 
hydroxy-, 1605. 

3: 4. Methylenedioxybenzy! alcohol, 6-bromo-, and 6- 
chloro-, and their derivatives, 1781. 

3:4-Methylenedioxybenzyl chloride, 

6-chloro-w-3:4-dichloro-, 1783. 

methyl ether, 1783. 

ee and nitro-, 


6-bromo- and 


3: €ethylenedioxy-o2 4’-dimethoxyphenylcinnamic 
acid, 1 


6: jmsthylonstiony-&: 1-endomethyleneoxy-1-methyl- 
1:2:3:4-tetrahydronaphthalene, 807. 

6:7-Methylenedioxy-3:1-endomethyleneoxy-1-methyl- 
1:2:3:4-tetrahydronaphthalene-2-carboxylic acid, and 
its methyl ester, 807. 

ee 


2:3-Methylenedioxypheny] allyl ether, 1606. 
Methylenedioxyquinol, and its derivatives, 1605. 
Methylenephthalimidine, 4. 
2-Methyl-1-ethinylcyclohexanol, and its derivatives, 62. 
Methylethylacetylene. See Penta-2-yne. 
Methylethylamine, and nitroso-, 1312. 
a-Methyl-a-ethylbutyranilide, 468. 
Methylethylcarbolinium iodides, 2014. 
4-Methyl-6-ethylcoumarin, 5-hydroxy-, 232. 
4-Methyl-8-ethylcoumarin, 5-hydroxy-, and its deriv- 
atives, 1068. 
4-Methyl-8-ethylcoumarin-6-carboxylic acid, 5-hydr- 
oxy-, and its derivatives, 1067. 


6-bromo-, 


2-Methyl-l-ethylcyclohexanol, and its 3:5-dinitro- 
benzoate, 62. 

Methyl ethyl ketone, — of, 1537. 

Methylethylmalondianilide, 55 

O-Methyleugenol oxide, condensation of, with methyl- 
ene groups, 797. 


Methylgalactofuranoside, structure of, 1575. 

Methylglucosaminide, structure of, and 
hydrolysis, and its acetyl derivatives, 745. 

a-Methylglucoside, methylation of, 1695. 

B-Methylglucoside 3:4-dinitrate, 835. 
2:3:6-trinitrate, 836. 

a- — ane ethylidene compounds of, 
793. 

potassium hydroxide compounds of, 1690. 


its acid 


Index of Subjects. 








2147 


a- and f-Methylglucosides, 3-amino-, and their 
derivatives, 1813. 

Methylglyoxal, polymerisation of, 621. 

9-Methylguanine, 694. 

7 n-heptadecyl ketone, and its semicarbazone, 

8-Methylhexahydroindene, 669. 

Methylcyclohexane, structure of, 1323. 

2-Methylcyclohexane-1:1-diacetic acid, ethyl and 


methyl esters, 1337. 
ee 2-dione 


1-Methyioycloheran-1-cl 3:4-oxide, and its p-nitro- 
benzoate, 832. 

Methylcyclohexanones, photolysis of, 1525. 

A}.-Methylcyclohexen-3-one 2:4-dinitrophenylhydr- 
azone, 1779. 

a-Methylhexoside chlorohydrins, and their triacetyl 
derivative, 474. 

2-Methylcyclohexylacetylene, af-di-1-hydroxy-, 990. 

eee acid, y-l-hydroxy-, lac- 
tone, ; 

2-Methylcyclohexyl-f-1-hydroxycyclohexylacetylene, a- 


2-phenylhydrazone, 


1-hydroxy-, 991. 
Oa acid, and its dimethyl ester, 
ey - “eee derivatives, synthesis of, 


cis-8-Methyl-6-hydrindanol, 670. 
Se and its semicarbazone, 


8-Methylhydrindene, dehydrogenation of, 666. 

Methyl y-hydroxy-5-veratrylbutyl ketone, 807. 

1-Methyl-1-(-ketobutyl )cyclopentanone bis-2:4-di- 
nitrophenylhydrazone, 1098. 

Methyl-2-keto-4‘"5-dodecahydroanthracene, and _ its 
semicarbazone, 1098. 

3-Methyl methyl-/-arabinoside, 504. 

2-Methyl a- and f-methylgalactosides, and their 
derivatives, 1198. 

4-Methyl £-methylglucoside 2:3:6-trinitrate, 838. 

Methyl perinaphthacridine, 1993. 

2-Methyl-2-8-1’-naphthylethylcyclopentanol, 674. 

2-Methyl-2-8-1’-naphthylethylcyclopentanone, and its 
derivatives, 674. 

2-Methyl-f-1’-naphthylethylcyclopentenes, and their 
derivatives, 675. 

2-Methyl-1-( 8-1’-naphthylethyl)-5-isopropyl-4!-cyclo- 
hexene, 513. 

2-Methyl-1-naphthylmethylmalonic acid, and its ethyl 
ester, 1993. 

B-2-Methyl-1-naphthylpropionic acid, 1993. 

5-Methyl-4***-norcholestene-3:6-dione, and its deriv- 
atives, 680. 

9-Methyl-4*!°-octahydronaphthalene-1:2-dicarboxylic 
anhydride, 63. 

= preeenemaanes and their derivatives, 

9-Methyl-1-octalone semicarbazone, 664. 

Cise7-Methylbicyclo[0:3:3joctanone, and its semicarb- 
azone, 670. 

O-Methyleestric acid 2000. 

O-Methylestrone, oximino-, 2000. 

cis- and trans-Methylcyclopentane-1-carboxylic-2-acetic 
acids, and ethyl ester of the cis-acid, 670. 

cig-1-Methylcyclopentane-1: 2-diacetic acid, 670. 

5-Methyl-4*-penten-f-ol, previously described as ayy- 
trimethyially! alcohol, 1452. 

2-Methyl-1-4°-n-pentenylcyclohexanol, 662. 
cyclisation of, 664. 

2-Methylcyclopentylidene-1-cyanoacetic-2-carboxylic 
acid, ethyl ester, 670. 

O-Methylphenacylpyridinium bromide, 447. 

1-Methyl-5:6-phenanthraquinone, 1013. 
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1-Methylphenanthrene, 5-amino-6-hydroxy-, hydro- 
chloride, 5-bromo-6-hydroxy-, and its methy] ether, 
6-hydroxy-, and its derivatives, and 5:6-dihydroxy-, 
diacetyl derivative, 1012. 

< ‘eee 3-amino-, hydrochloride, 

hiram ana acid, and its anhydride, 
511. 


2-Methylphenoxarsine, 8:10-dichloro-, 1002. 

2-Methylphenoxarsonic acid, 8-chloro-, 1002. 

2-Methylphenoxtellurine, and its 10:10-dichloride, 
40. 


8-Methylphenoxtellurine, 2-chloro-, 39. 
2-Methyl-1-8-phenylethylcyclohexanol, 676. 
2-Methyl-8-phenylethylcyclohexenes, 676. 
2-Methyl-8-phenylethylcyclopentanols, 675. 
2-Methyl-2-£-phenylethylcyclopentanone, and its semi- 
carbazone, 675. 
2-Methyl-f-phenylethylcyclopentenes, and their deriv- 
atives, 675. . 
Ca eeenaatant f-dimethyl ether acetate, 


4-Methylpiperidine hydriodide, 4-iodo-, 400. 

4-Methylpiperidine-2-carboxylic acid, ethyl ester, and 
its picrate, 1185. 

O-Methylpodocarpic acid, and its methy] ester, 1010. 

a" el aaa alcohol, and its derivatives, 

2-2’’-Methy!l-5’’-isopropylbenzoyldiphenyl-2’-carboxylic 
acid, 2-4”-hydroxy-, 1566. 

1-Methyl-2-n-propyl-3:4-dihydrophenanthrene, 778. 

6-Methyl-3-isopropylcyclohexanone-2-carboxylic acid, 
ethyl ester, 513. 

Methylisopropyloctahydrochrysene, 513. 

ae and its derivatives, 


a-Methyl-3-isopropylpimelic acid, ethyl ester, 513. 
9-Methylpurine, 2:6-dichloro-, 694. 
4-Methylpyridine-2-carboxylic acid, and its ethyl ester 
and its picrate, 478. 
3’-Methylpyrido(1’:2’:1:2)benziminazole, and mono- 
and di-amino-, mono- and di-nitro-, and nitro- 
amino-, 1301. 
Methylquinaldines, 4-amino-, 1086. 
3:4-diamino-, 4-chloro-, and 4-hydroxy-, and their 
picrates, 975. 
2-Methylquin(3:4:5’:4’ )iminazole, and its picrate, 975. 
aot toe nna: 1-chloro-, 


8-Methyl-5:6:7:8-tetrahydro-1:2-bens-7-anthroic acid, 
512 


3’-Methyl-6:7:8:9-tetrahydro-4:5-benzhydrindene, 1099. 

ot) ~ eres 
acid, q 

1-Methylthiobenzoxazole, 5-bromo-, 328. 

Methylthiol. See Methane, thiol-. 

— tree eee 
ether, 18. 

Methyltrisaminomethylmethane, chloro-, and hydr- 
oxy-, derivatives of, 1593. 

Methyltris-p-toluenesul phonamidomethylmethane, 
bromo-, and chlero-, 1594. 

S-Methyt-i-ctagiegclchemnael, and its derivatives, 


1-Methyl-2-vinyl-4'-cyclohexene, 63. 
Michael reaction, 42, 45, 48. 
Micro-cataphoresis, cylindrical- bore cell for, 997. 
Micro-organisms, formation of organo-metalloid and 
similar compounds by, 1872. 
Molecular weights and b.p., 826. 
of organic compounds, determination of, by means 
of a spoon gauge, 715. 
Mutarotenone, 525. 
methyl ether, 738. 
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Naphthalene, action of, with trichlorotrinitrobenzene 
and with trinitromesitylene, 761. 

Naphthalene, 2-chloro-l-nitro-, reaction of, with 
sodium 4-nitronaphthalene-1-thiol, 1031. 

Naphthalenesulphinic acids, acid potassium and 
sodium salts, 1490. 

Naphthalene-1-thiol, 4-nitro-, sodium salt, reaction of, 
with 2-chloro-1-nitrobenzene and with 2-chloro-1- 
nitronaphthalene, 1031. 

1:2-(1’:2’-Naphth)anthracene, 1290. 

1:2-(1’:2’-Naphth)anthraquinone, 1290. 

a- and £-Naphthazoles, tautomerism and unsaturation 
of derivatives of, 321. 

2-Naphthoic acid, 1- bromo-, methyl ester, 1836. 
3-hydroxy-, 4-nitropheny] ester, 1898. 

B-Naphthol-1-sulphonic acid, reaction of diazosulphon- 
ates from, 1079. 

a-Naphthoxazole, l-amino-, and its acetyl derivative, 
and 1l-hydroxy-, 325. 

B-Naphthoxazole, 2-amino-, and its acetyl derivative, 
2-hydroxy-, and 2-thiol-, and its methyl ether, 326. 

2-( B-Naphthoyl-a-p-anisylethyl )cyclohexanone, 1885. 

8-2-Naphthoyl-p-chlorophenylurea, s-3-hydroxy-, 426. 

2-Naphthoyldiphenyl-2’-carboxylic acid, 1564. 

8-2-Naphthoylmethoxyphenylureas, s-3-hydroxy-, 426. 

2-( 8-Naphthoyl-a-phenylethyl )cyclohexanone, 1885. 

8-2-Naphthoylphenylurea, s-3-hydroxy-, 426. 

B-2-Naphthoylpropionic acid, 8-6-hydroxy-, 2012. 

8-2-Naphthoyltolylureas, s-3-hydroxy-, 426. 

2-Naphthoylurea, 3-hydroxy-, 426. 

a-Naphthylamine, catalytic phenylation of, 1181. 

2-a-2’-Naphthylaminobenzylcyclopentan-1-one-2-carb- 
oxylic acid, ethyl ester, 340. 

O-a-Naphthylbenzoic acid, methy] ester, 112. 

2-Naphthyl ty erases ketone, 4- 
bromo-1-hydroxy-, 2119. 

2-Naphthyl a-bromo-f-ethoxy-f-3:4-methylenedioxy- 
phenylethyl ketone, 4-bromo-1l-hydroxy-, 2118. 

2-Naphthyl «-bromo-f-methoxy-f-p-anisylethyl ket- 
one, 4-bromo-1l-hydroxy-, 2119. 

2-Naphthyl a-bromo-f-methoxy-f-3:4-methylenedioxy- 
phenylethy! ketone, 4-bromo-l-hydroxy-, 2118. 

2-Naphthyl af-dibromo-f-3:4-methylenedioxyphenyl- 
ethyl ketone, 4-bromo-l-hydroxy-, 2118. 
a-2’-Naphthylcinnamic acid, a-1’-bromo-, 1288. 

a-2’-Naphthylcinnamonitrile, a-1’-bromo-, 1288. 

7-B-Naphthyl-4:7-diketoheptoic acid, and its deriv- 


atives, 1394. 
f-Naphthyl af-epoxy- lethyl ketone, 1883. 
2-8-1’-Naphthylethy pentanol, 674. 


f-1-Naphthylethyl-n-propylmalonic acid, 778. 

f-Naphthyl p-methoxystyryl ketone, 1883. 

ae a ketone, 4-bromo-1-hydr- 
oxy-, 2119. 

3-8-Naphthyl-l-methyltriazen, 1-hydroxy-, and its 
metallic derivatives, 1349. 

ee eee acid, a-l-bromo-, 

8-8-Naphthylcyclopentan-l-one-2-acetic acid, and its 
derivatives, 1995. 

3-8-Naphthyl-4*-cyclopenten-1-one-2-acetic acid, 1394. 
methyl ester, 1995. 

Naphthyl-4*-cyclopenten-1-one-2-acetic acid, B-6’- 
ydroxy-, methyl ester, 1996. 

y-1-Naphthyl-a-n-propylbutyric acid, 778. 

f-Naphthyl styryl ketone, 1885. 

a-2-Naphthyl-f-6’-(1’:2’:3’:4’-tetrahydronaphthyl)- 
acrylic acid, a-1-bromo-, 1290. 

1-Naphthylthiourea, 2-hydroxy-, 326. 

2-Naphthylthiourea, 1-hydroxy-, 324. 

a-2’-Naphthyl-f-tolylacrylic acids, a-1’-bromo-, 1288. 





Nasturtiums, annual, seed fat of, 1608. 
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Nickel subsulphide as catalyst for hydrogenation of 
sulphur compounds, 717. 
Nitration of aromatic compounds, 929. 
hydroxy-by-products in, 1816. 
“ Nitrenes,” structure of, 206. 
polyNitro-compounds, complexes of, 8, 761, 763, 1350. 
Nitrogen pentoxide, flame propagation in mixtures of, 
with ozone, 626. 
oxides, properties of, 626. 
reaction of, with phosphorus pentoxide, 1459. 
Nitron, constitution of, 824. 
dipole moment of, 1100. 
Nobiletin, 1003, 1004. 
2-n-Nonadecylpyridine, and its salts, 683. 
Nor--boswellanedione, and its derivatives, 1718. 
Nor-8-boswellanonol, and its acetate, 1717. 
Nor-f-boswellene, 687. 
Nor-f-boswellenol, and its acetate, 1717. 
Nor-f-boswellenone, 1715. 
and its derivatives, 687. 
x-Norequilenin methyl ether, synthesis of, and its 
2:4-dinitrophenylhydrazone, 1994. 
Norlupinane, relation of, to octahydropyridocoline, 
1183, 1318. 
Nucleic acids, 1722. 
Nucleosides, natural, synthesis of, 259. 


Oo. 


Obituary Notices :— 
Launcelot Winchester Andrews, 1735. 
Frank Bainbridge, 1736. 
Pramod Krisor Banerjee, 596. 
Ottilie Blum-Bergmann, 15]. 
May Sybil Burr, 151. 
Percival Walter Clutterbuck, 596. 
Joseph Bernard Ccleman, 152. 
Joseph Cowper, 153. 
John Alexander Dey, 597. 
Frederick Jonathan Down, 153. 
Ernest Goulding, 1126. 
Christopher Maurice Walter Grieb, 153. 
Robert Oswald Hall, 154. 
Sir Herbert Jackson, 155. 
Cedric William Jacob, 1127. 
William Jago, 1127. 
Herbert Edward Kirby, 160. 
Arthur Pearson Luff, 1128. 
Duncan Scott Macnair, 160. 
James Ernest Marsh, 1130. 
Sir David Orme Masson, 598. 
Stefan Minovici, 161. 
Arthur Williams Morgan, 163. 
John James Morgan, 603. 
Glyn Owen, 1736. 
Arthur George Perkin, 1738. 
Hugh Ramage, 1135. 
Shin-ichi Sako, 1742. 
Jean Baptiste Senderens, 168. 
Alfred Edward Sibson, 1136. 
Frederick Charles Thompson, 163. 
George Richard Tweedie, 164. 
John Augustus Voelcker, 165. 
Charles Watson, 601. 
Eric Hartwig Whytehead, 1136. 
Alfred Edward Williamson, 604. 
Andrew Young, 604. 
Octadecamethylene glycol, 1680. 
Octadecamethylene sulphides, 1896. 
Octadecane, 1:18-dichloro-, 1681. 
Ongiewt alcohol, 18-chloro-, and its phenylurethane, 


1-Ootedeeyloyridininm salts, 683. 
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4*1°-Octahydronaphthalenedicarboxylic acid, and its 
derivatives, 62. 

Octahydropyridocoline, relation of, to norlupinane, 
1183, 1318. 

4*-a-Octalone, and its semicarbazone, 1779. 

2:3:4:4:2’:3’:4’:4’-Octamethylbis-1:1’-spirocyclopen- 
tene, 352. 

Octamethyl digalactofuranose, 1577. 

n-~ and iso-Octanes, ignition of, under pressure, 238. 

Octoic acid, 4-methoxy-2- n-amylphenyl ester, 2067. 

Octophenone, 2:5-dihydroxy-, and its 2:4-dinitro- 
phenylhydrazone, 2071. 

l-8-Octyl nitrite, action of, with dl-8-butanol, 965. 

Cstrone, preparation of, 1997. 

Oils, natural, unsaturated acids of, 427. 
piston, of low spreading pressure, 1719. 

Olefinic compounds, iodine.addition to, 179. 

= ss magnesium salt, anhydrous, preparation of, 

5 
yg inversion, Walden’s, and aliphatic substitution, 


eau compounds, isotopic exchange reactions of, 81, 
91, 1455. 
Organo-metalloid compounds, formation of, by micro- 
organisms, 1872. 
Oroxylin-A, constitution of, 1555. 
Oroxylum indicum, constituents of bark of, 1555. 
Osazones, 1384. 
— radical as bridging group between atoms, 
Oxalatobis-n-butylphosphinepalladium, 2092. 
Oxalato-n-butylphosphine-p-tolui uidinepalladium, 2091. 
Oxalic acid, barium salt, solubility of, in aqueous salt 
solutions, 2098. 
dihydrate, magnetic anisotropy of, 365. 
reaction of, with potassium permanganate, 1624. 
Oxanilamide-p-arsonic acid, and its sodium salt, 443. 
Oxanilide-p-arsonic acid, and its sodium salt, 443. 
a ah aeeneradiennes acid, and its sodium 
t, > 
ae tment aden: acid, and its sodium salt, 


Oraniom omethylamide-p-arsonic acid, and its sodium 

t, 443 

Oxanilopiperidide-p-arsonic acid, and its sodium salt, 

oraail Yes acid, and its sodium 
salt, 

Oxidation, electrolytic. See Electrolytic oxidation. 

ee 4:6-benzylidene a-methylglucoside, 

2:3-Oxidodiethylidene 4:6-ethylidene o- and f-methyl- 
glucosides, 794. 

Oxindole, 6-amino-, and its derivatives, and 6-chloro- 
isonitroso-, 1844. 

Oxygen, valency angle of, in diphenyl ether and its 
derivatives, 1869. 

Oxygen organic compounds, isomorphism of, with those 
of selenium and sulphur, 63. 

Ozone, flame propagation in mixtures of, with nitrogen 
pentoxide, 626. 


P. 


Palaquium leiocarpum, lupeol from, 329. 
Palladium organic compounds :— 
Palladium chlorophthalocyanine, 1162. 
Palladous halides, complex compounds of, with 
trimethylarsine, 702. 
ke tape of, with tertiary phosphines, 
1 


Palladium, determination of, gravimetrically, 1099. 
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3-Palimitoyl-4:6:7-trimethylisocoumaranone, 
oxy-, 1380. 

Paraberine group, syntheses in, 172. 

Parachor, calculation of, from critical temperature, 262. 
relation of, to b.p. and critical temperature in 

homologous series, 1056. 

Paraffin-chain salts, solvent properties of aqueous 
solutions of, 1968. 

Peanuts. See Arachis hypogea. 

Pectic acid in peanuts, 496. 

Pectic substances, 496. 

Pedler Lecture, 605. 

Penicillium brevicaule, fission of disulphide linking by, 
1872. 

2-n-Pentadecylpyridine, and its salts, 683. 

cycloPentadiene, condensation of, with benzoquinone, 
236. 

Pentaerythritol, amino-derivatives of, 1588. 

3:5:7:8:4’-Pentamethoxyflavone, 58. 

6:7:8:3’:4’-Pentamethoxyflavone, 5-hydroxy-, 1006. 

Pentamethyl gluconamide, 1978. 

cycloPentane, constitution and physical properties of, 
1323. 


5-hydr- 


Pentapyridyl, 1671. 

Penta-2-yne, hydration of, 19. 

Perhydroanthracene, derivatives, synthesis of, 666. 
trans=cis-2-Perhydroanthrol, 672. 

Perhydrorottlerone, and its acetyl derivative, 311. 
Phellandral, spectrum of, absorption, 1411. 
f-Phellandrene, reaction of, with maleic anhydride, 

2028. 

d- and |-8-Phellandrenes, and their a- and f-nitrosites, 

and d- and /-nitro-, 119, 122. 

Phenalene, derivatives, 1991. 

Phenacyl bromides, reaction of, with pyridine, 445. 

Phenacylpyridinium bromide, o-nitro-, 447. 

Phenacylthiourea, 754. 

Phenanthrene series, 694. 

Phenanthridine series, 389. 

Phenanthridinium compounds, antiseptic properties 
and colour of, 389. 

rheniumdioxocyanides, 1860. 
Phenanthrido(10’:9’:1:2)benziminazole, 

amino-, and 4:6-dinitro-, 1304. 

a ons amen ge cea chloride, 396. 

rheniumdioxocyanide, 1 
9-o-Phenanthridylmethyltrimethylammonium iodide, 

39 
9-Phenanthridyl-p-phenyltrimethylammonium iodide, 

394 
9-Phenanthridyltrimethylammonium iodide, 396. 
Phenanthroline, derivatives of, from di-imidochlorides, 

476. 
a-9-Phenanthrylcinnamic acid, o-amino-, and o-nitro-, 

195. 
3-(9’-Phenanthryl)coumarin, 196. 
8-9-Phenanthrylethyl bromide, 195. 

2-( 8-9’-Phenanthrylethyl )cyclohexanone-2-carboxylic 

acid, ethyl ester, 195. 

1-( 8-9’-Phenanthrylethyl)-4'-cyclohexene, 194. 
a-(8-9-Phenanthrylethyl)pimelic acid, 195. 
a-(a’-3-Phenanthrylethyl)succinic acid, and its an- 

hydride, 511. 

Phenazine, configuration of, 404. 

di-N -oxide, and its derivatives, and 1-hydroxy-, 479. 
Phenazine series, 479. 
5-p-Phenetidino-7-methoxyacridine, 3-amino-, and its 

derivatives, and 3-nitro-, 305. 

Phenetole, introduction of magnesium bromide into, 

894 


and 4:6-di- 


Phenol, adsorption in solutions of, with ketones, 269. 
Phenols, condensation of, with B-keto-esters in pres- 
ence of aluminium chloride, 228, 1066, 1424. 
with ketones, 347. 
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Phenols, long-chain, halogenation of, 729. 
reaction of, with diphenic anhydride, 1561. 

Phenol ethers, halogenation of, 1414. 

Phenoxselenine, derivatives of, 29. 

Phenoxselenine-2-carboxylic acid, and 6:8-dichloro-, 
and their derivatives, 33. 

a 2-amino-, and its salts, and 2-nitro-, 

Phenoxtellurine-2-carboxylic acid, and its salts and 
derivatives, 41. 

Phenoxyacetanilide, 4-nitro-, 2054. 

ee 2-p-mono-, and 2-op-di-nitro-, 

Phenoxybenzanilide, 2-p-nitro-, 2054. 

2-Phenoxybenzoic acid, 2-op-dinitro-, and its methyl 
ester, 2054. 

Phenoxybenzo-m-nitroanilide, 2-p-nitro-, 2054. 

y-Phenoxy-a-phenylpropane, 8-hydroxy-, 808. 

4-Phenoxy-m-toluenesulphamide, 4-o-nitro-, 2055. 

4-Phenoxytoluene-3-sulphonic acid, 4-o-nitro-, anilide 
and chloride of, 1899. 

a ~ eaten rece cre a 4-o-nitro-, 

55. 

y-Phenoxy-a-veratrylacetone, 808. 

y-Phenoxy-a-veratrylpropane, B-hydroxy-, 808. 

Phenyl benzyl ethers, chloro-, and fluoro-, 1416. 
3- pe ethers, 4-nitro-, 1899. 
nitronaphthy] sulphides, 2- and 4- nitro-, 1033. 
isopropyl ether, p-fluoro-, 1417. 

Phenylacetamide-p-arsonic acid, and its ammonium 
salt, 471. 

4-Phenylacetamidophenylacetic 
nitro-4’-amino-, 1844. 

or eeeemn tenes: acid, and its sodium salt, 
47 

——— acid, derivatives, reactivity of methylene 
group in, 1 

Phenylacetic acid, 5-mono- and 3:5-di-bromo-2-nitro- 
4-amino-, and 2-nitro-4-amino-, and their deriv- 
atives, 1844. 

Phenylacetic acids, preparation of, 1780. 

Phenylacetodimethylamide-p-arsonic acid, 
sodium salt, 471. 

Phenylacetoethylamide-p-arsonic acid, and its sodium 
salt, 472. 

Phenylacetomethylamide-p-arsonic acid, and its sod- 
ium salt, 471. 

eee acid, and its sodium 
salt 

a Seaman sn as acid, and its 

ts, 4 
— alkyl ketones, prototropy of, base-catalysed, 


N-Phenyl-5-amino-2: 2’-dipyridylamine, N-2”:4’-di- 
amino-, N-2”:4”-dinitro-, and N-2”:4”:6”-trinitro-, 
1297. 

N a a 2’:4’:6’-trinitro-, 

1301. 


N-Phenyl-9-aminophenanthridine, N-2’:4’:6'-trinitro-, 
N-Phenyl-2-aminopyridine, N-2’:4’-diamino-, N-2’:4’- 
dinitro-, and N-2’:4’:6’-trinitro-, 1297. 
N-Phenyl-2-aminoquinoline, N-2’:4’:6’-trinitro-, 1302. 
a -  atatmeacemmems N-2’:4’:6’-trinitro-, 
1-Phenyl-6-p-anisyl-3-f-di-n-butylaminoethylpyrazol- 
ine, 7 
1-Phenyl-5-p-anisyl-3-8-diethylaminoethylpyrazoline, 
and its tartrate, 1239. 
1-Phenyl-5-p-anisy]-3-8-dimethylaminoethylpyrazoline 
hydrochloride, 1239. 
"+ ~ “sipemeate gicnteae eeense 
1-Phenyl-2-p-anisylindene, 724. 


acid, 2-nitro-4-2’- 


and its 





Index of Subjects. 


1-Phenyl-5-p-anisyl-3-8-piperidinoethylpyrazoline, and 
its salts, 1240. . 

Phenylarsinic acid, B-amino-, derivatives of, 442. 

3-Phenyl-2:3-0-benzoyleneindolenine, 341. 

$-Phenyl-1:2:4-benztriazine, 6(or 7)-bromo-3-2’:4’-di- 
amino-, 1843. 

dl-8-Phenyl-N-benzylalanine, and its N-formyl deriv- 
ative, 173. 

1-Phenyl-2-benzyl-1-methylhydrindene, 726. 

Phenyl af-dibromo-f-p-anisylethyl ketone, 3:5-di- 
bromo-, 1321. 

1-Phenyl-5-(2’-n-butoxypheny])-3-f-piperidinoethylpyr- 
azoline hydrochloride, 1574. 

Phenylisobutylacetophenone, 
various solvents, 1861. 

l-Phenyl f-n-butyl ketone, rates of racemisation and 
hydrogen exchange of, 80. 

y-Phenylbutyric acid, a-cyano-, and its ethyl ester, 
2010. 


Phenyl 3-carboxy-f-naphthyl ether, 4-nitro-, 1899. 
Phenyl-af-dideuterethylcarbinyl 3:5-dinitrobenzoate 
and p-xenylurethane, 1073. 
Phenyl af-dideuterethyl ketone, resolution of, 1069. 
1-Phenyl-5-(3’:4’-dimethoxyphenyl)-3-8-diethylamino- 
ethylpyrazoline, and its derivatives, 1569. 
1-Phenyl-5-(3’:4’-dimethoxypheny])-3-f-piperidino- 
ethylpyrazoline, and its salts, 1569. 
3-Phenyl-2:3-dimethyl-1-hydrindone, 726. 
1’-Phenyl-2:2’-dimethylquin(3:4:5’:4’ )iminazole, 1086. 
o-Phenylenedithiolbis(tributylphosphine)-.-4-chloro-o- 
phenylenedithioldipalladium, 4-chloro-, 1954. 
o-Phenylenedithiolbis(tributylphosphine)palladium, 4- 
chloro-, 1954. 
1-Phenyl-5-(2’-ethoxypheny])-3-8-piperidinoethylpyr- 
azoline hydrochloride, 1573. 
5-Phenyl-1-p-ethoxypheny1-3-f-piperidinoethylpyrazol- 
ine hydrochloride, 1239. 
4-8-Phenylethyl-1:2-dihydrophenanthrene, 1291. 
4-8-Phenylethyl-2:6-dimethylpyridine-3:5-dicarboxylic 
acid, ethyl ester, 1023. 
Phenylglyoxalines, synthesis of, 753. 
5(4)-Phenylglycxaline-2-thiol, and its picrate, 754. 
Phenylhydrazine, reaction of, with 4-chloroquinoline 
derivatives, 1083. 
Phenylhydrazinomethylnaphthols, 340. 
4-Phenylhydrazino-6-methylquinaldine, 1086. 
ane and its hydrochloride, 
086. 
Phenyl a-hydroxy-f-methoxy-f-p-anisylethyl ' ketone, 
1884. 
6-Phenyl-4-(1’-hydroxy-2’-naphthy] )-4*-cyclohexen-2- 
one-1-carboxylic acid, ethyl ester, 1885. 
Puenyl 4’-hydroxystyryl ketone, 2:4-dihydroxy-, 1321. 
1-Phenylimino-2-methyl-1:2-dihydro-a-naphthoxazole 
picrate, 325. 
2-Phenylimino-1-methyl-1:2-dihydro-8-naphthoxazole 
picrate, 327. 
2-Phenylindole, derivatives of, 1402. 
1-Phenyl-5-(4’-methoxy-3’-ethoxyphenyl)-3-f-diethyl- 
aminoethylpyrazoline, 1570. 
1-Phenyl-5-(3’-methoxy-4’-ethoxypheny!)-3-8-di- 
methylaminoethylpyrazoline, ard its salts, 1571. 
1-Phenyl-5-(4’-methoxy-3’-ethoxyphenyl )-3-f-di- 
methylaminoethylpyrazoline hydrochloride, 1570. 
1-Phenyl-5-(3’-methoxy-4’-ethoxyphenyl)-3-8-piper- 
idinoethylpyrazoline hydrochloride, 1571. 
1-Phenyl-5-(4’-methoxy-3’-ethoxyphenyl)-3-8-piper- 
idinoethylpyrazoline hydrochloride, and its deriv- 
atives, 1570. 
1-Phenyl-5-(2’-methoxyphenyl)-3-8-piperidinoethylpyr- 
azoline hydrochloride, 1573. 
Phenyl 4-methoxystyryl ketone, 2:4-dihydroxy-, 1321. 
Phenylmethylacetophenone, racemisation of, in various 
solvents, 1861. 


racemisation of, in 





2151 


2-Phenylmethylamino-f-naphthoxazole picrate, 327, 

N-Phenyl-N-methyl-2-aminopyridine, N-2’:4’:6’-tri- 
nitro-, 1298. 

dl-Phenylmethylcarbinyl formate, 491. 

(—)Phenylmethylcarbinyl dl-p-toluenesulphonate, 
molecular rearrangement of, 485. 

ay tatinieen terrae 0-(7’:8:6:5)-a-pyrone, 


1-Phenyl-5-(3’:4’-methylenedioxypheny])-3-8-dimethyl- 
aminoethylpyrazoline hydrochloride, 1570. 
1-Phenyl-5-(3’:4’-methylenedioxypheny!-3-f-piper- 
idinoethylpyrazoline hydrochloride, 1570. 
Phenylmethylethylamine, 2:4-dinitro-, 1313. 
9-Phenyl-10-methylphenanthridinium chloride, 9-p- 
amino-, acety: derivative, and iodide, 9-p-amino-, 
394. 
3:9-p-diamino-, and its diacetyl derivative, 395. 
7:9-p-diamino-, and its diacetyl derivative, 396. 
10-Phenyl-2-methylphenoxarsine, 8-chloro-, 1002. 
Phenylmethylsulphone, 5-chloro-2-hydroxy-,and hydr- 
oxy-derivatives, 903. 
3-Phenyl-1-methyltriazen, 1-hydroxy-, metallic deriv- 
atives, 1348. 
9-Phenylnaphthacene-11:12-quinone, 1150. 
6-Phenyl-4-8-naphthyl-4*-cyclohexen-2-one-1-carb- 
oxylic acid, ethyl ester, 1885. 
er gears m-bromo-, and o- and m-chloro-, 


Phenylnitromethanes, bromo-, chloro-, and nitro-, 
prototropy of, 1024. 
2-Phenylcyclopentane-1:3-dione, 2-cyano-, 805. 
3-Phenyl-4?-cyclopenten-1-one-2-acetic acid, and its 
derivatives, 1393. 
aes samen, 9-p-amino-, hydrochloride, 
4. 


3:9- and 7:9-p-diamino-, and their derivatives, and 
7-nitro-, and 3:7-, 3:9-, and 7':9-p-dinitro-, 395. 
10-Phenylphenoxarsine-2-carboxylic acid, 8-chloro-, 

resolution of, 1001. 

a tare 2-carbiylic acid, 8-chloro-, 
d- and /-10-Phenylphenoxarsine-2-carboxylic acids, 8- 
chloro-, and their a-phenylethylamine salts, 1003. 

1-Phenyl-3-(4’-phenyl-2’-thiazoly!)pyrazoline, 1055. 
Phenylphthalic acids, and their derivatives, 1386. 
B-Phenylpropionic acid, substituted derivatives, disso- 
ciation constants of, 357. 
f-Phenylpropionic acid, a-bromo-8-hydroxy-, methyl 
ester, 658. 
a-bromo-f-hydroxy-f-p-nitro-, and its derivatives, 
659. 
B-Phenylpropiophenone, af-dihydroxy-, -benzoyl 
derivative, 1580. 


1-Phenyl-5-(2’-n-propoxyphenyl)-3-8-piperidinoethyl- 
pyrazoline hydrochloride, 1573. 

——— acid, B-amino-, crystalline salts from, 

4-Phenyl-2-thiazolyl §-diethylaminoethyl ketone hydro- 
chloride, 1055. 

4-Phenyl-2-thiazolyl f$-dimethylaminoethyl ketone 
hydrochloride, 1055. 

4-Phenyl-2-thiazolyl f-di-n-propylaminoethyl ketone 
hydrochloride, 1055. 

4-Phenyl-2-thiazolyl £-piperidinoethyl ketone hydro- 
chloride, 1055. 

Phenyl-p-tolylacetic acid, racemisation of, 1455. 

5-Phenyl-1-p-tolyl-3-8-dimethylaminoethylpyrazoline 
hydrochloride, 1238. 

5-Phenyl-1-p-tolyl-3-f-piperidinoethylpyrazoline 
hydrochloride, 1239. 

3-Phenyl-1:2 -trimethylene-2:3-dihydro-f-naphthaquin- 
oline-2-carboxy!ic acid, ethyl ester, 340. 

2-Phenyl-3:4-trimethylene-2:3-dihydroquinoline-3- 
carboxylic acid, ethyl] ester, 340. 
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Phenylurethane, 4-nitro-2-hydroxy-, 327. 

1-Phenyl-5-vanillyl-3-f-piperidinoethylpyrazoline, and 
its derivatives, 1571. 

Phoronic anhydride, 351. 

Phosphines, tertiary, thio-derivatives of palladous 
halides with, 1949. 

Phosphorus vapour, oxidation of, 1500. 
white, transformation of, into red phosphorus, by 

ultra-violet light, 1500. 

Phosphorus compounds, toxicity of, to catalysts, 839. 

Phosphorus pentoxide, reaction of, with nitrogen 
oxides, 1459. 

Photochemical reactions, primary, 1521, 1531, 1544. 

Phthalaz-1:4-diones, peroxide derivatives of, 791. 

Phthalimide, mol. wt. and vapour density of, 715. 

Phthalimideneacetic acid, and its copper salt and 
methy] ester, 4. 

Phthalocyanine, magnetic anisotropy of, 364. 
pigments resembling, from porphyrins, 1. 
disodium derivative, action of methyl alcohol on, 

546. 

Phthalocyanines, 1151, 1157. 
catalytic properties of, 1761, 1768, 1774, 1845. 

Phthalo-6’-methoxy-3’:4’-dihydro-8-naphthylimide, 
2003. 

Phthalonitrile, polymeride, 
density of, 715. 

1:8-Phthaloyl-2-naphthol, preparation and oxidation 
of, 701. 

y-Picoline, preparation of, and its methiodide, 478. 

Pictet Memorial Lecture, 1113. 

1-Piperidino-5-p-anisyl-4‘-penten-3-one hydrochloride, 
derivatives of, 1240. 

2-Piperidinobenzenesulphonamide, 4-chloro-, 1620. 

4-Piperidinobenzenesulphonamide, 2-nitro-, 1621. 

Piperidinobenzenesulphonylpiperidides, 4-chloro-, and 
2-nitro-, 1621. 

a-Piperidino-£-benzoyloxy-§-p-aminophenylpropionic 
acid, ethyl ester dihydrochloride, 659. 

1-Piperidino-5-(2’-n-butoxyphenyl)-4‘-penten-3-one 
hydrochloride, and its phenylhydrazone, 1574. 

2-Piperidinodiphenylsulphone, 4-mono- and 4:2’:5’-tri- 
chloro-, 16 

4-Piperidinodiphenylsulphone, 2’:5’-dichloro-2-nitro-, 
and 2-nitro-, 1620. 

ot oe odiphenyisulphone, 
1 ‘ 

1-Piperidino-5-(2’-ethoxyphenyl)-4‘-penten-3-cne 
hydrochloride, and its phenylhydrazone, 1573. 

a-Piperidino-8-hydroxy-8-phenylpropionic acid, esters, 
and their derivatives, 658. 

5-Piperidino-7-methoxyacridine, 3-nitro-, 305. 

1-Piperidino-5-(3’-methoxy-4’-ethoxypheny] )-4‘-pen- 
ten-3-one hydrochloride, and its derivatives, 1571. 

1-Piperidino-5-(4’-methoxy-3’-ethoxyphenyl)-4*-penten- 
3-one hydrochloride, 1570. 

1-Piperidino-5-(2’-methoxypheny])-4‘-penten-3-one 
hydrochloride, and its phenylhydrazone, 1573. 

9-w-Piperidinomethylphenanthridine, 396. 

Piperidinophenylmethylsulphones, 4-chloro-, and 2- 
nitro-, 1620. 

1-Piperidino-5-phenyl-4‘-penten-3-one hydrochloride 
p-tolylhydrazone, 1238. 

a-Piperidino-f-f’-phéenylpropoxy-f-phenylpropionic 
acid, methyl ester, hydrochloride, 659 

1-Piperidino-5-(2’-n-propoxyphenyl)-4*-penten-3-one 
hydrochloride, and its phenylhydrazone, 1573. 

1-Piperidino-5-vanillyl-4‘-penten-3-one, derivatives of, 
1571. 

Piperitone, spectrum of, absorption, 1410. 

Piperonylacetic acid, 6-bromo-, and 6-chloro-, esters, 
1782. 

Piperonylacetonitrile, 6-chloro-, 1782. 

a-Piperony]-y-chloroacetone, a-2-chloro-, 806. 


mol. wt. and vapour 


4-chloro-2:3’-dinitro-, 
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Piperonylideneaniline, 6-bromo-, and 6-chloro-, 1781. 
Piston oils. See under Oils. 
Platinum bases :— 

= 8-chlorodiamminoplatinous) 


cis-Chlorohydroxodiamminoplatinum, 1344. 
£-Diamminoplatinous palladochloride, 200 
f-cis-Diamminoplatinous chlcride, structure of, 198. 
Dihydroxodiamminoplatinum, 1344. 
Dinitratodiamminoplatinum, 1342. 
Dipicratodiamminoplatinum, 1343. 
Nitratohydroxodiamminoplatinum, 1342. 
cis-Nitrohydroxodiamminoplatinum, 1344. 
Picratohydroxodiamminoplatinum, 1343. 
Platinous diammines, 1338. 
Sulphatodiamminoplatinum, 1343. 
Sulphatodihydroxotetramminodiplatinum, 1343. 
Podocarpic acid, and its derivatives, 1006. 
Polarisation, dielectric, 977, 1444, 1598. 
solvent effect in, 460. 
use of, in investigation of complexes in solution, 
1755 
electric, measurement of, in vapours having anomal- 
ous dipole moments, 1269. 
Polyenes, synthesis of, 605. 
Polymerisation, 11, 287. 
Polymorphism, 1636. 
Polypyridyls, 1662. 
Polysaccharides, 1244, 1247. 
Polyterpenoid compounds, synthesis of, 58. 
n- and iso-Poroidines, 1685. 
Porphyrins, pigments related to, 1. 
— permanganate, reaction of, with oxalic acid, 
24 
Praseodymium nitrate, hydrates of, 1920. 
Pressure, high, liquid-phase reactions at, 1171. 
Propionic acid, a-bromo-, reaction of, with bromides 
containing radioactive bromine, 209. 
1-Propionylcyclohexene, and its derivatives, 1856. 
Propioveratrone, and a-bromo-, 811. 
2-n-Propoxybenzylideneacetone, 1573. 
isoPropyl bromide, hydrolysis of, in acetone, 840. 
4-n-Propylacetophenone, 2:5-dihydroxy-, 2070. 
6-n-Propylacetophenone, 2:5-dihydroxy-, 2070. 
n-Propylallylcarbinol, resolution of, 2104. 
5-Propylbarbituric acids, 5-chloro-, 1623. 
4-isoPropylchrysene, and its 2:7- dinitroanthraquinone 
complex, 513. 
1-Propyldecahydro-2-carboxylic acid, 
methyl ester, 1318. 
l-4-isoPropyl-4*-cyclohexen-l-ol. See /-Cryptol. 
n-Propylpropenylearbinol, resolution of, and its salts, 
312. 


‘palladichloride, 


l-y-cyano-, 


(+-)-n-Propylpropenylearbinol, reactions of, and its 
derivatives, 1912. 

1-Propyltetrahydroquinoline-2-carboxylic acid, 1-y- 
cyano-, methyl ester, 1319. 

eo in relation to hydrogen isotope exchange, 
78, 319 

Purine nucleosides, constitution of, 259, 692. 

Pyrazoline, local anesthetics from, 1237, 1568, 1572. 

Pyridine, reaction of, with phenacyl bromides, 445 

Pyridine, 2-amino-, derivatives of, 1191. 

Pyridinium tetrachlorohydroxychromate, magnetism 
and molecular constitution of, 1433. 

Pyrido(1’: 2’:1:2)benziminazole, and mono- and di- 
amino-, and mono- and di-nitro-, 1298. 

Pyrido(1’: 2’:1:2)benziminazoles, 1292. 

Pyridylglyoxalines, synthesis of, 753. 

5(4)-2- and -3’-Pyridylglyoxaline-2-thiols, and their 
salts, 755. 

3-2’-Pyridyl-8-naphthaisotriazole, 2015. - 

5-2’-Pyridylpyrazolone, 754 

Pyrocatechol, condensation of, with acetone, 347. 














rr" metallic derivatives, stercochensistry 

of, 3 

Pyrylium salts, preparation of, from acid anhydrides 
and acid chlorides, 1989. 


Q. 
— efficiency, measurement of, with red light, 


Quinaldine, 6-amino-, acetyl derivative, ethiodide, 656 
3:4-diamino-, and its derivatives, 974. 
4-aminonitroamino-, 3:4-dichloro-, 3-chloro-4-hydr- 

, 4-nitroaminonitro-, and dinitro-4-amino-, 


Quinol, derivatives related to dihydroflavoglaucin, 


Gatien 3:4-diamino-, and its picrate, 976. 
4-chloro-, derivatives, reaction of, with hydrazine 
hydrate, 972. 
with phenylhydrazine, 1083. 
Quinolinium tetrachlorohydroxychromate, magnetism 
and molecular constitution of, 1433. 
Quinolo(1’:2’:1: 2)benziminazole, and mono- and di- 
amino-, mono- and di-nitro-, and nitroamino-, 


isoQuinolo(2’: 1’:1:2)benziminazole, and 4:6-diamino-, 
and 4:6-dinitro-, 1303. 

e-£-Quinolyl-S-aeridylethenes, 8-6-amino-, 
of, 4 

8-(2-Quinolyl ethiodide)-5-acridylethene, s-6-amino-, 
acetyl derivative, 656. 

8-(2-Quinolyl § ethochloride)-5-acridylethene, 8-6- 
amino-, hydrochloride, 657. 

8-(2-Quinolyl methiodide)-5-acridylethene, s-6-amino-, 
acetyl derivative, 656. 

8-(2-Quinolyl maheetieiin Seinen. 8-6- 
amino-, acetyl derivative and hydrochloride, 656 

s-(2-Quinolyl iethochloride)-8-(acridylmethochloride)- 
ethene, s-6-amino-, acetyl derivative, 656. 

8~(2-Quinolyl methosulphate)-5-(acridyl metho- 
sulphate)ethene, s-6-amino-, acetyl derivative, 656. 

8-(2-Quinolyl metho-p-toluenesulphonate)-5-acridyl- 
ethene, s-6-amino-, acetyl derivative, 657. 

8-(2-Quinolyl metho-p-toluenesulphonate)-5-(acridyl 
methosulphate)ethene, s-6-amino-, acetyl deriv- 
ative, 657. 

B-isoQuinotoxine, and its salts, 6. 


derivatives 


R. 


Reactions, addition, to conjugated systems, 2028. 
aromatic side-chain, polar effects of substituents in, 


445. ; 
liquid-phase, at high pressures, 1171. 
organic, activation energy of, 848, 858, 862, 1801. 
retardation of, 631. 
Report of the Council, 549. 
Resacetophenone, condensation of, with aromatic 
aldehydes, 1320. 
with ethyl acetoacetate, 228. 
Resins, natural phenolic, constituents of, 797, 809, 
1681, 1985. 
Resokeempferide. See 4’-Methoxyflavonol, 7-hydr- 
oxy-. 
Resorcinol, nucleus, y-substitution in, 1828. 
y-Resorcylaldehyde, synthesis of, and its derivatives, 
1828. 
B-Resorcylic acid, and its methyl ester, condensation 
of, with ethyl acetoacetate, 228. 
Rhenium, extraction of, from molybdenite, 1861. 
Rhenium organic compounds, complex, 1858. 
Rhenium dioxocyanides, alkali and organic, 1859. 
6z 
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Rotenone, action of alkalis on, 513. 
methylation and ring-fission of, 734. 

d-isoRotenone, 526. 

ne methyl ether, 738. 

Rottlerin, 30 

Rottlerone, p tion of, 310. 

Rubber, elleal ’ chemistry of, 215, 219, 2032. 

Rubrene series, syntheses in, 1147. 

Ruthenium, valency and covalency of, in ruthenium 
chloride blue solutions, 1422. 

Ruthenium organic compounds, complex, waar 
nitric oxide and polypyridyls, 1675. 


8. 
Salicylaldehyde, condensation of, with deoxybenzoin, 
1582. 


Salicylic acid, sodium salt, darkening of alkaline 
solutions of, 631. 
Salicylic acid, aryl esters, rearrangement of, 1897. 
2:4:6-trichloropheny] ester, 1898. 
Salicylideneacetone, sodium derivative, 2027. 
Salicylideneacetophenone, derivatives of, 2027. 
Salicylidene-o-aminophenol, copper derivative, 302. 
 ' anteatamane iaemmncmaaaeee derivatives 
of, E 
Salicylo-2’:4’-dinitroanilide, 2055. 
Salicylo-4’-nitrodiphenylamide, 2055. 
Salicylo-3’:4’-dinitrodiphenylamide, 2055. 
Salts, dissociation of, in water, 448. 
Sarsaparilla root, ether-soluble constituents of, 2040. 
Schiff’s bases, dipole moments and structure of, 741. 
Selenanthren, configuration of, 404. 
Selenazoles, tautomeric, spectra of, absorption, ultra- 
violet, 321. 
Selenium, action of, on lignans, 1681. 
Selenium dioxide, action of, on bile acids and sterols, 
353. 
Selenium organic compounds, isomorphism of, with 
those of oxygen and sulphur, 63 
Selenoxanthone, derivatives of, 29. 
Selenoxanthone-l-carboxylic acid, resolution of, and 
its strychnine salt, 34. 
Silica gel, thixotropy of, 546. 
Silver chromate, magnetism and molecular con- 
stitution of, 1432. 
Silver organic compounds :— 
Silver phthalocyanine, 1160. 
Solids, surface structure, of, and electron diffraction, 
1137. 
Solubility, 67. 
Solvents for aromatic nitration, 935. 
non-aqueous, acid catalysis in, 1861. 
ionisation in, 1027. 
Sophora alkaloids, 1206. 
Sophora tetraptera, alkaloids of seeds of, 1206. 
l-Sorbosazone, tetra-acetyl derivative, 1386. 
Stannic salts. See under Tin. 
Starch, molecular size of, 1247. 
Stearic acids, 9:10-dihydroxy-, oxidation of, with 
periodic acid, 1826. 
pes eee acid, ethyl ester, 1378. 
oylacetoacetic acid, ethyl ester, 1378. 
Saheuash-4ieitdieetanetesnanatecnaned, 
oxy-, 1379. 
Steroids, and their derivatives, 677. 
Sterols, action of selenium dioxide on, 353. 
synthesis of substances. related to, 183, 672, 1097, 
1390, 1994, 1997, 2001, 2005, 2009. 
Sterol group, 102, 334, 759, 869, 1406, 
Stilbene, isomerism of, 2078. 
magnetic anisotropy of, 365. 


5-hydr- 





Stilbene, mono- and di-chloro-, isomerism of, 2078. 
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sazaStrychnidines, and their derivatives, 1482, 1488. 
Strychnine, 1467, 1472, 1483, 1488. 
Styphnic acid, formation of, in aromatic nitration, 
1816. 
Styrene, addition of diphenylketen to, 727. 
polymerisation of, catalytically, 246, 1046. 
2-Styryl-4-methylpyridine, and its picrate, 478. 
Substance, C,,H,,0,, and its derivatives, from cyclo- 
hexylideneacetaldehyde and 4-acetoxycyclohexan- 
one, 545. 
CyoH,,08, and its derivatives, from dehydrogenation 
of B-amyrin with sulphur, 1316. 
Substitution and Walden inversion in aliphatic com- 
pounds, 209. 
aromatic, by means of iodous compounds, 1699. 
influence of directing groups on, 905, 918, 929. 
Succinic anhydride, action of, with anthracene, 1243. 
Sugars, methylated, Weerman reaction with, 1975. 
Sulphides, large ring, formation of, from halogenated 
sulphides with extended chains, 1891. 
imeem oat reese acid, and its salts, 
049. 
2-Sulphonamidoacetanilide, 2056. 
Sulphonyl chlorides, preparation of, 1620. 
2-Sulphonyl-4-methylsulphonylanilide, 2-chloro-, 904. 
Sulphoxide group, mesomeric effect of, 211. 
Sulphur atoms, mobility of groups containing, 983. 
Sulphur compounds, catalytic hydrogenation of, 717, 
720, 2034. 
catalytic toxicity of, 455. 
Sulphur nitride, reduction of, 1596. 
dioxide, catalytic hydrogenation of, 720. 
Sulphates, dissociation constants of, 2093. 
Sulphur organic compounds, isomorphism of, with 
those of oxygen and selenium, 63. 
Systems, conjugated, addition reactions to, 2028. 


T. 


Tar, hydrocarbons of, 1305. 

Taraxacum root, triterpene alcohols of, 2042. 

v-Taraxasterol, and its derivatives, 2046. 

Taraxerol, and its derivatives, 2046. 

Taraxol, and its derivatives, 2045. 

Tellurodiacetic acid, /-menthy] ester, and its hydroxy- 
perhydrate, 345. 

p-Terphenyl, and its amino-, halogeno-, and nitro- 
derivatives, 1364. 

Terphenyl series, 1364. 

cis-1:4-Terpin mono- and di-p- -nitnobennontes, 832. 

Tetra-acetobromoglucosamine, 748. 

1:3:4:6-Tetra-O-acetyl N-acetylsalicylidene glucos- 
amine, 1499. 

— ee glucosamine hydrochloride, 
499. 

Tetrabenzotriazoporphin, and trichloro-, copper deriv- 
atives, 4. 

2:3:2’:3’-Tetra(carboxymethylene)-4:4:4’:4’-tetra- 
methylbis-1:1’-spirocyclopentane, 351. 

Tetradecamethylene sulphides, 1895. 

Tetradecane, 1:14-dichloro-, 1680. 

Tetradecyl alcohol, 14-chloro-, and its phenylurethane, 
1680. 

1-Tetradecylpyridinium salts, 683. 

Tetrahydroacenaphthylene glycols, stereochemistry of, 
and their derivatives, 188. 

Tetrahydroalstonine, and its derivatives, 1354. 

Tetrahydroalstoninic acid h ydrochloride, 1355. 

Seleabydon-P-eanpediglaan, amino-, 1210. 

ee and its dimethyl ether, 


Tetrahydrodimthyldcsbracdine, and its methiodide, 
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7: cae 2-(1’:2’-naphtha)-3-anthroic acid, 


5:6: 
1290 
1:2:3: 4-Tetrahydro-2: 3-dimethylnaphthalene, 1309. 
1:2:3:4-Tetrahydro-6:7-dimethylnaphthalene, 1307. 
1: .° ~ 4 :4-Tetrahydro-6:7-dimethylnaphthalene, 5-amino-, 


1:2:3:4-Tetrahydro-2:3-dimethylnaphthalene-6-sul- 
phonic acid, amide and metallic salts of, 1308. 
1:2:3:4-Tetrahydro-6:7-dimethylnaphthalene-5-sul- 
phonic acid, amide and metallic salts of, 1307. 
1:2:3:4-Tetrahydro-2:3-dimethyl-6-naphthol, 1309. 
Tetrahydroflavoglaucin, and its derivatives, 2061. 
1:2:3:4-Tetrahydro-6-naphthaldehyde, 1289. 
3’:4':5':6’-Tetrahydropyrido(1’:2’:1:2)benziminazole, 
and 4:6-diamino-, 1300. 
Tetrahydro-y-pyrone, and its p-nitrophenylhydrazone, 
Tetrahydroquinoline-2-carboxylic acid, methyl ester, 
and its picronolate, 1318. 
Tetrahydroquinoline-2-carboxylic-1-(-butyric) 
dimethyl ester, 1319. 
Tetrahydrorottlerone, 311. 
Tetrakisbenzamidomethylmethane, 1592. 
Tetrakisdimethylaminomethylmethane, and its deriv- 
atives, 1592. 
Tetrakishydroxymethylcyclotetrathioimine, and its de- 
rivatives, 1597. 
Tetrakisthiourzathallous salts, 1887. 
Tetrakis-p-toluenesulphonamidomethylmethane, 
its derivatives, 1591. 
8-Tetralone, derivatives, 2001. 
3:5:8:4’-Tetramethoxyflavone, 7-hydroxy-, 56. 
5:6:5’:6’-Tetramethoxy-3:3:3’:3’-tetramethylbis-1:1’- 
spirohydrindene, 4:7:4’:7’-tetrabromo-, 352. 
Tetramethyl d-altropyranose, 1420. 
1:4:5:8-Tetramethylanthracene, 1852. 
1:4:5:8-Tetramethylanthraquinone, 1852. 
Tetramethyl aldchydo-d-arabinose, 1979. 
3:3:3':3’-Tetramethylbis-1:1’-spirohydrindene, 5:6:5’:6’- 
tetrahydroxy-, oxidation of, 351. 
4:4:4’:4’-Tetramethylbis-1:1’-spirocyclopentene- 
2:3:2’:3’-tetra-acetic acid, and its esters, 351. 
2:2:4:4-Tetramethylcyclobutane-1:3-dione, 
moment of, 1265. 
electric polarisation of, 1274. 
2:4:6:7-Tetramethylcoumaran, 5-hydroxy-, 1381. 
2:3:5:6-Tetramethyl galactonic acid p-bromophenyl- 
hydrazide, 1576. 
Tetramethyl glucose, determination of, mixed with 
trimethyl glucose, 1247. 
Tetramethyl hexonolactone, 1093. 
Tetramethyl een 1420. 
Tetramethyl §-methylhexoside, 1093. 
Tetramethylpyrromethene-4:4’-dicarboxylic acid, ethyl 
ester, metallic derivatives, 371. 
2: _ % :2’”-Tetrapyridyl, complex metallic salts of, 
1672. 


SS pentachlor- 

ide, q 

2:2’:2”:2’”-Tetrapyridylruthenium, chloronitroso-, 
chloride pentahydrate and nitrosoruthenium penta- 
chloride of, 1678. 

cycloTetrathioimine, and its derivatives, 1596. 

Thallium, stereochemistry of, 1886. 

Thianthren, configuration of, 404. 

8-2-Thienylacrylic acid, a-amino-, benzoy] derivative, 
and its azlactone, 2102. 

B-2-Thienylalanine, synthesis of, 2100. 

— aminomethyl ketone hydrochloride, 

=e £-dimethylaminoethyl ketone hydrochloride, 


B-2-Thienylethylamine, synthesis of, and its hydro- 
chloride, 2100. 


acid, 


and 


dipole 
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2-Thienylidenehydantoin, and its acetyl derivative, 
2102. 


2-Thienylmethylhydantoin, 2102. 
— B-piperidinoethyl ketone hydrochloride, 


f-2-Thienylpropionamide, 2103. 

Thiochrome, synthesis of, 26. 

2-Thio-1-methyl-1:2-dihydro-f-naphthoxazole, 327. 

2-Thio-7-methy]-1:2:3:4-tetrahydro-1:3:6:8-benztetr- 
azine, 27. 

Thiophen, preparation of, 2101. 

Thujones, and their derivatives, 2016. 

Thujone series, 2016. 

Thujyl alcohols, and their derivatives, 2016. 

Thujylamines, and their derivatives, 2016. 

Tiglic acid, ethyl ester, preparation of, 53. 

 -pamamae saves hydrobromide, 1688. 


“io chloride, catalysis with, 246, 1046. 
halides, electric polarisation of, 1276. 
Titanium tetrachloride, electric polarisation of, 1276. 
r-a-Tocopherol, 1382. 
a- and £-Tocopherols, structure of, and their deriv- 
atives, 253, 1375. 
Tolane, magnetic anisotropy of, 365. 
Toluene, nitration of, 943. 
mixed laterally-halogeno-derivatives of, 1322. 
3-iodo-4:6-dinitro-, 1785. 
p-Toluenesulphinic acid, condensation of, and its 
esters, with acetone, 684. 
1-p-Toluenesulphonamido-2:2-bis-p-toluenesulphon- 
amidomethylcyclopropane, 1595. 
1-p-Toluenesulphonbenzylamido-2:2-bis-p-toluenesul- 
phonbenzylamidomethylcyclopropane, 1595. 
Toluene-3-sulphonic acid, 4-hydroxy-, 2-nitrophenyl 
and pheny] esters, 1899. 
p-Toluenesulphonmethylamide, 
solution, 1790. 
Toluene-3-sulphon-o-nitroanilide, 4-hydroxy-, 2055. 
See 4-hydroxy-, 


O-p-Toluenesulphonyl-o-benzoicsulphinide, 2117. 
N-p-Toluenesulphony!-3:3-bis-p-toluenesulphonamido- 
methyltrimethyleneimine, 1591. 
N-p-Toluenesulphonyl-3: &-bis-p-toluenesulphonbenzyl- 
amidomethyltrimethyleneimine, 1593. 
2-p-Toluenesulphonyldiphenylamine, 5-chloro-, 1621. 
2-p-Toluenesulphonyl triacetyl p-methylglucoside, 
alkaline hydrolysis of, 1417. ; 
a phonyl 2:4:6-triacetyl a-methylglucos- 
e, . 
m-Toluic acid, 2- and 4-hydroxy-, 
esters, 1898. 
2:6-dihydroxy-, and its methyl ester, 1830. 
2-( B-p-Toluoyl-a-p-anisylethyl)cyclohexanone, 1885. 
— acids, 2-hydroxy-, 


1-poly-§-p-aniey-f-dimethylaminoethylpyrasoine 

ydrochloride, 1239 

a ng” lea 
ope wena Le ketone, 1883 

p-T af-epoxy- etone, > 

1--o-Tolylethylcyclopentan-1-ol, 1099. 

oa a-hydroxy-f-acetoxy-f-p-anisylethyl ketone, 


p-Tolyl-p-methoxybenzylglycollic acid, 1884. 
p-Tolyl p-methoxybenzyl ketone, 1884. 
2-p-Tolyl-3-p-methoxybenzylquinoxaline, 1884. 
1-p-Tolyl-5-(3’-methoxy-4’-ethoxypheny] )-3--di- 
methylaminoethylpyrazoline hydrochloride, 1571. 
1-p-Tolyl-5-(4’-methoxy-3’-ethoxyphenyl)-3-f-di- 
methylaminoethylpyrazoline hydrochloride, 1570. 
1-p-Tolyl-5-(3’-metho.y-4’-ethoxyphenyl)-3-8-piper- 
idinoethylpyrazoline hydrochloride, 1571. 


association’ of, in 


4-nitrophenyl 
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1-p-Tolyl-5-(4’-methoxy-3’-ethoxypheny])-3-f-piper- 

idinoethylpyrazoline hydrochloride, 1571. 

1-p-Tolyl-5-(3’:4’ esate ey Na iF 
methylaminoethylpyrazoline hydrochloride, 1570. 

p-Tolyl-8-(8-methylpentan-5-onyl)sulphone, and _ its 
semicarbazone, . 

5-Tolylmethylsulphone, 2-hydrox hae 

3-Tolyl-1-methyltriazens, 1-hy xy") and their 
metallic derivatives, 1348. 

2~p-Tolyloxyphenylarsonic acid, 5-chloro-, 1002. 

8-p-Tolyl-1-phenyltriazen, 1-hydroxy-, and its metallic 
derivatives, 1 

Toxicarol, action of alkalis on, 513. 
dimethyl ethers, 739. 

l-a-Toxicarol, and its acetyl derivative, 530. 

8-Toxicarol, 528. 

2:3:6-Triacetyl 4-methyl B-methylglucoside, 838. 

Triazens, hydroxy-, metallic derivatives of, 1346. 

Triazole derivatives, constitution and isomerism of, 
824 


1:4:5-Tribenzoyl-2-phenylcyclopentadiene, 47. 
2-n-Tridecylpyridine, and its salts, 683. 
Triethyltrimethylenetriamine ethiodide, 1312. 
5:7:8-Trimethoxyflavone, 1558. 
3:5:8-Trimethoxy-2-methylanthraquinone, 2064. 
3:4:6-Trimethoxy-6-methyl-a-pyrone, 714. 

2: —e 4-methoxybenzyl diketone, 


Tri-(2-methoxyphenyl)stibine, tri-4-chloro-, 
dichloride, 847. 

3:6:6' Py Rea om ey 7 acid, 2063. 

3:4:6-Trimethyl 5-altronolactone, 142 

2:4:6-Trimethyl altrose, preparation ot, from glucose, 
and its osazone, 472. 

8:4:6-Trimethyl altrose, 1421. 

2:4:5-Trimethyl d-arabinose, 1979. 

2:3:5-Trimethyl d-arabonamide, 1980. 

Trimethylarsine, —- compounds of, with palla- 
dous halides, 702 

2-2”:4”:8” -Trimethylbenzoyldiphenyl-2’ -carboxylic 
acid, 1564. 

2:2:4-Trimethylchroman, 6-hydroxy-, 1381. 

2:2:4-Trimethyl-4*-chromen, 6-hydroxy-, 1381. 

1:2:4-Trimethyl-1:4-endoethylenecyclohexane-5-carb- 
oxylic acid, 290. 

2:4:6-Trimethyl galactose, 1196. 
3-p-toluenesulphonyl derivative, and its 1-chloro- 

derivative, 1586. 

2:4:6-Trimethyl gluconamide, 1420, 1698. 

3:5:6-Trimethyl gluconamide, 1978. 

2:4:6-Trimethyl 5-gluconolactone, 1420, 1697. 

3:5:6-Trimethyl -gluconolactone, 1978. 

2:3:4-Trimethyl d-glycuronic acid, derivatives of, 1180. 

4:6:7-Trimethyl-2-n-heptadecylcoumaran, 5- -hydroxy-, 
and its allophanate, 1380. 

or” ornate 5-hydroxy-, 

4:6:7-Trimethyl-2-n-heptadecylcoumarone-3-carboxylic 
acid, 5-hydroxy-, and its ethyl ester, 1379. 

1:3:4-Trimethyl-4°-cyclohexenyldimethylcarbinol, 18. 

8:4:6-Trimethyl d-mannonic acid, amide of, 1180. 

2:4:6-Trimethyl a-methylaltroside, 476. 

2:3:5-Trimethyl methyl-d-arabofuranoside, 1980. 

2:3:5-Trimethyl methyl-/-araboturanoside, 504. 

2:4:6-Trimethyl methylgalactoside, 3-p-toluenesul- 
phony] derivative, 1586. 

2:4:6-Trimethyl a- and B-methylgalactosides, 1199. 

2:4:6-Trimethyl 8-methylglucopyranoside, 1420 

Trimethyl f-methylglucoside, 1093. 

2:4:6-Trimethyl 8-methyl-d-gulopyranoside, 1094. 

as ~ Sinan men son rvaremaen: 5-hydroxy-, 

4:6:7-Trimethyl-2-n-pentadecylcoumarone-3-carboxylic 
acid, 5-hydroxy-, ethyl ester, 1380. 


and its 
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2:4:6-Trimethylphenacylpyridinium bromide, 447. 
1:3:4-Trimethyl-1-isopropenyl-4°-cyclohexene, 18. 
1:2:4-Trimethyl-4-isopropylcyclohexane, and _ 1:2-di- 
bromo-, 16. 
1:2:7-Trimethyl-4-isopropylhydrindene, 546. 
1:2:7-Trimethyl-4-isopropylindene, 546. 
1:3:4-Trimethy]-4°-tetrahydrobenzanilide, 17. 
1:3:4-Trimethyl-4°-tetrahydrobenzoic acid, 
methyl ester, 17. 
2:4:5-Trimethyl-4‘-tetrahydrobenzoic acid, and its 
anilide and ethy] ester, 19. 
2:3:6-Triphenyl-4-p-anisylpyridine, 1885. 
1:3:5-Triphenylbenzenc, preparation of, from aceto- 
phenone, by-product from, 1467. 
aaf-Triphenylbutyric acid, 729. 
Triphenylearbinol, methylation of, 483. 
1:2:3-Triphenylethyleneimine, 209. 
1:1:2-Triphenylpropane-l-ol, and its methyl ether, 
728 


and its 


Triphenylstibine, ¢ri-p-bromo-, and. tri-p-chloro-, 
dichlorides, 846 

Tripyridyls, 1669. 

2:2’:2’’-Tripyridyl perrhenate, 1861. 
rhenichloride, 1860. 

2:2’:2’’-Tripyridylnitrosoruthenium pentachloride, 
1678. 

2:2’:2”-Tripyridylruthenium, dichloronitroso-, chlor- 
ide and nitrosoruthenium pentachloride of, 1678. 

Triterpenes, 686, 1313, 1712, 2042. 

Tri-o-tolylstibine, tri-4- and -5-chloro-, and their 
dichlorides, 847. 

Tryptophan, action of acetaldehyde on, 97. 

Tyrosine, metabolism of. See under Metabolism. 


U. 


Unsaturated compounds, isomeric, monolayers of, 
1163. 
with halogen attached to ethylenic carbon, action of, 
on amines, 963. 
Ursolic acid, conversion of, into a-amyrin, 999. 
Usnic acid, 306. 


V. 


isoValeraldehyde, photolysis of, 1541. 

Valeric acid, 4-methoxypheny] ester, 2066. 

isoValeric acid, quinol ester, 2068. 

isoValerophenone, prototropy of, acid-catalysed, 1435. 

isoValerophenone, 2:5-dihydroxy-, and its 5-benzyl 
derivative, 2068. 

isoValerylnortropéine, salts, 1688. 

Vapours, dipole moment of, 1195. 

Vapour density, measurement of, by means of a spoon 
gauge, 715. 





Index of Subjects. 


Velocity of reaction in films, 729. 
in solution, 1786. 
effect of alkyl groups on, 1434, 1439. 
Veratrole, 5-bromo-4-hydroxy-, and 4-hydroxy-, 4- 
acetyl derivatives, 375. 
B-Veratroyl-n-butyric acid, 811. 
y-Veratroyl-n-butyric acid, 808. 
a-Veratroylpropionic acid, ethy] ester, 1684. 
B-Veratroyl-a-veratrylidene-n-butyrolactone, 811. 
a-Veratrylacetone, y-chloro-, 805. 
7-Veratryl-4:7-diketoheptoic acid, 1392. 
1-Veratryl-6:7-dimethoxy-2:3-dimethyl-1:2:3:4-tetra- 
hydronaphthalene, 4-hydroxy-, 1684. 
y-Veratryl-§-methylbutyrolactone, 805. 
5-Veratrylvaleric acid, 808. 
= acid, isomerisation and isotope exchange 
of, 91. 
1-Vinylcyclohexanol, and its derivatives, 61. 
1-Vinyl-4'-cyclohexene, 61. 
= of fluids in relation to molecular volume, 
Vitamins, antirachitic, synthesis of compounds related 
to, 545, 987. 
Vitamin-A, action of Oppenhauer reagent on, 175. 
Vitamin-Z, 253, 1375, 1382. 
Volume, molecular, in relation to viscosity of fluids, 
1061 


of optical isomers in solution, 123. 


W. 
Walden inversion and aliphatic substitution, 209. 
Weights, molecular See Molecular weights. 


Wheat germ oil, tocopherols from, 253. 
Wogonin, synthesis of, 1555. 


x. 
Xylenes, action of, with benzaldehyde in presence of 


aluminium chloride, 1847. 
p-Xyloquinol ally] ether, 1381. 


Y. 
Yeast nucleic acid, constitution of, 1492. 


Zine, corrosion of, electrochemistry of, 2109. 
Zinc sulphate, dissociation constant of, 2097. 











FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged according to Richter’s 
system (see kote der Kohlenstoff-Verbindungen). 

The elements are given in the order, C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

hon ae according to the number of atoms of each single element (except carbon) present in the 
molecule. 

Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 



















C, Group. 





CH, Methylene, 409. 
CS, Carbon disulphide, catalytic hydrogenation of, 720; catalytic oxidation of, 2037. 


pe 







CHN Hydrocyanic acid, complex salts of, 1027. 
CHCl, Chloroform, valency angles in, 1195. 
CH,.Ci, Methylene dichloride, valency angles in, 1195. 
CH;,Br Methyl bromide, hydrolysis of, in acetone, 840. 
Methylthiol, hydrogenation of, 2034. 
C Carbony] sulphide, catalytic oxidation of, 2037; hydrogenation of, 2034. 











C, Group. 


CHCl Chloroacetylene, oxidation of, 1358. 

C,HBr Bromoacetylene, oxidation of, 1358. ; 

C,.H,O, Oxalic acid (+2H,0), magnetic anisotropy of, 365; reaction of, with potassium permanganate, 
1624; barium salt, solubility of, in aqueous salt solutions, 2098. 

C.H,0, Acetic acid, association of, in benzene, 1795; esterification of, 784; calcium salt, dissociation 
constant of, 278. 

C.H,Br Ethyl bromide, hydrolysis of, in acetone, 840. 

C.H,O Ethyl alcohol, dielectric polarisation of, in ethers, 460. 


C.H 3 Trichloroacetic acid, association of, in benzene, 1795. 
C. sHg Chloromercury dichloroethylenide, 1220. 

C.H,0,Cl, Dichloroacetic acid, association of, in benzene, 1795. 
C.H;0,Cl Chloroacetic acid, association of, in benzene, 1795. 


2 IV 
C,H,Cl,HgTe Dimethy! telluride mercuric chloride, 282. 


C.H,Br. Dimethyl telluride mercuric bromide, 282. 
Dimethyl] telluride mercuric iodide, 282. 
C.H,,.N,RuCl, Ethylenediammonium ruthenium tetrachloride, 1423. 

















C, Group. 
C,H,O, Methylglyoxal, polymerisation of, 621. 
C,;H,O Acetone, condensation of, with pyrocatechol, 347; condensation of, with p-toluenesulphinic acid 
and its esters, 684; ignition of, under pressure, 238. 
C;H,O, Lactic acid, calcium salt, dissociation constant of, 278. 
C,H,Br isoPropyl bromide, hydrolysis of, in acetone, 840. 


3 I 
C,H; a-Bromopropionic acid, reaction of, with bromides containing radioactive bromine, 209. 
C.H,ON, Nitrosomethylethylamine, 1312. 

2157 














Formula Index. 


C, Group. 


C,H,O, Maleic anhydride, reaction of, with p- ape 2028. 
C,H.N, Hydrocyanic acid tetrameride, structure of, 1466 
C,H,O, Crotonic acid, catalytic hydrogenation of, in various solvents, 454. 
Vinylacetic acid, isomerisation and —- exchange of, 91. 
C,H,0, n-Butyric acid, association of, in benzene, 1795. 
Ethyl acetate, solubility of, in water in presence of aliphatic alcohols, 67. 
ne tert.-Butyl chloride, reactions of, in hydroxy] solvents, 881. 
C,H,Br ‘ert.-Butyl bromide, hydrolysis of, in acetone, 840. 
C,H,,0 dl-8-Butyl alcohol, action of l-8-octyl nitrite with, 965. 


4m 


C,H,Cl,Hg Mercury bisdichloroethylenide, 1220. 

C,H,0,Cl a-Chlorocrotonic acid, preparation of, 779. 

C,.H,I,Te n-Butyltelluronium tri-iodide, 347. 
C,H,,0,Te 2-Butyltellurinic acid, 346. 


4Iv 


C.H,ONCI] £-Chloro-f-nitrosobutane, photolysis of, 1965. 

C,H. age Tetrakishydroxymethyleyclotetrathioimine, 1597. 

C,0, Potassium rheniumdioxocyanide, 1859. 

C,0,N,NaK.Re Potassium sodium rheniumdioxocyanide, 1859. 
C,0,N,Na,Re Sodium rheniumdioxocyanide, (+2H,0), 1859. 


C, Group. 


C,H, Penta-2-yne, hydration of, 19. 
C,H,, cycloPentane, constitution and physical properties of, 1323. 


C;H,O, Acetylacetone, metallic derivatives, electric polarisation of, 1254, 1273. 
C,H,O, Ethyl malonate, potassium salt, electrolytic oxidation of, 1039. 
C,H,,N, 3:3- Bisaminomethyltrimethyleneimine, and its salts, 1594. 


C,H,,N:Cl Chloromethyltrisaminomethylmethane, and its salts, 1594. 
C,H,,ON, Hydroxymethyltrisaminomethylmethane, and its salts, 1593. 


5 IV 


C,H,0,N,Cl 5 teen Sette Reitents acid, 1623. 
C,H,,Cl,8Hg, Methyl n-butyl sulphide mercurichloride, 1874. 


C, Group. 


C,H, Benzene, ignition of, under pressure, 238. 
C.H,. fy-Dimethylbutadiene, polymerisation of, 11, 287. 
C.H,, cycloHexane, constitution and physical properties of, 1323. 


6 


C,H,O, p-Benzoquinone, dipole moment of, 1263; electric polarisation of, 1274. 

C,H,Br Bromobenzene, photochemical addition of bromine to, in carbon tetrachloride, 1959. 
C,H,O Phenol, adsorption in solutions of, with ketones, 269. 
CoH.» Pyrocatechol, condensation of, with acetone, 347. 

C,H,O, aa’-Diketoadipic acid, 714. 

C.H.Cl Chlorobenzene, strengths of acids in, 818. 
C,H,N Aniline, adsorption in solutions of, with ketones, 269; condensation of, with cyclohexanone, 1173. 
C,H,,0 3:3-Dimethylcyclobutanone, 1214. 
cycloHexanone, condensation of, with aniline, 1171. 
Hexoic acid, association of, in benzene, 1795. 
3-Methyl /- arabinose, 504, 
Hexamethylenetetramine, dipole moment of, 1921. 
C,H,,0 Diisopropyl ether, ignition of, under pressure, 238. 
C,H,,8 Methyl n-amy]l sulphide, 1875. 


oat 2:6-Dichloro-9-methylpurine, 694. 
sN,Cl Benzenediazonium chloride, reactions of, with selenium, sulphur, and tellurium, 1077. 
CON, 9-Methylguanine, 694. 
C,H,NS £-2-Thienylethylamine, and its hydrochloride, 2103. 
C,H,,0C1 Hexamethylene chlorohydrin, 814. 
C,H,,NI, 4-lodomethylpiperidine ydriodide, ie” 58 
1 





Formula Index. 


6 IV 


C,.H,O,NI m-Iodosonitrobenzene, preparation of, 1700. 
C,H,ONS 2-Thienyl aminomethyl] ketone, hydrochloride of, 2103. 
C.H,0,N,Cl 5-Chloro-5-ethylbarbituric acid, 1623. 

Cl,P,Pd Dichlorobis(trimethylphosphine)palladium, 708. 
C,H,,Cl,P,Pd, Dichlorobis(trimethylphosphine)-u-dichlorodipalladium, 708. 
C,H,,Cl,As,Pd, Dichlorobis(trimethylarsine)-~-dichlorodi alladium, 706. 
C,H,,Br,As,Pd Dibromobis(trimethylarsine)palladium, 706. 
C,H, .Br,As,Pd, Dibromobis(trimethylarsine)-~-dibromodipalladium, 707. 
C.H,,N.C1,Ru Bistrimethylammonium hydrogen ruthenium pentachloride, 1423. 


6V 
C.H,O,.NFS Nitrobenzenesulphony] fluorides, 893. 
C,H,,0,N.As,Pd Dinitrobis(trimethylarsine)palladium, 707. 
C,H,,Cl,Br,As,Pd, Dichlorobis(trimethylarsine)-y-dibromodipalladium, 707. 


6 VI 
C.H,,0,N.Cl,As,Pd, Dichlorobis(trimethylarsine)-p-dinitrodipalladium, 707. 


'C, Group. 


C,H,, cycloHeptane, constitution and physical properties of, 1323. 

Methylcyclohexane, structure of, 1323. 
C,H,, Heptane, ignition of, under pressure, 238. 

70 
C,H,O Benzaldehyde, action of, on xylenes in presence of aluminium chloride, 1847; autoxidation of, 
_—— by iron phthalocyanines, 1770. 

C,H,0, nzoic acid, acid potassium salt, 1491. 

Salicylaldehyde, condensation of, with deoxybenzoin, 1582. ' 
C.H,O, Salicylic acid, acid potassium salt, 1491; sodium salt, darkening of alkaline solutions of, 631. 

74,0, Benzoic acid moloxide, 773. 

Methylenedioxyquinol, 1605. 
C,H,O m-Cresol, autoprotolytic constant of, 815. 
C.H,,0, 3:3-Dimethylcyclobutanocarboxylic acid, 1213. 

1-Methyle clohexan-1-ol 3:4-oxide, 832. 
C,H,,0, 1-Hydroxy-3:3-dimethyleyclobutane-l-carboxylic acid, 1213. 
C,H,,0, 2:3-Anhydro-a-methylalloside, 475. 

2:3-Anhy¢ro-B-methylalloside, 1095. 

2:3-Dimethyl y-l-arabonolactone, 504. 
C,H,,01 dl-48-3-Chloroheptene, 1918. 

7H,,0 eA ne LE alcohol, 699. 

n-Propylallylcarbinol, resolution of, 2104. 

n-Propylpropenylcarbinol, resolution of, 312. 
C,H,,0;, 2:3-Dimethy] l-arabinose, 504. 

3-Methyl methyl-l-arabinoside, 504. 
C,H,,N, s-Dimethyldiethylmethylenediamine, 1312. 


5-Nitro-1-hydroxybenzoxazole, 328. 
Benzochloridedibromide, 1322. 
5Cl, Benzodichloridebromide, 1322. 
C,H,O.N, 5-Amino-l-hydroxybenzoxazole, 328. 
CIBr Benzylidene chloridebromide, 1322. 


C,H, 

C,H,O.N 4-Methylpyridine-2-carboxylic acid, 478. 

C,H,ON, (w#-Aminoacetyl)pyridines, hydrochlorides of, 754. 

C.H,0O,8 Hydroxyphenylmethylsulphones, 903. 
Thio-7-methyl-1:2:3:4-tetrahydro-1:3:6:8-benztetrazine, 27. 

ee Se aang metallic salts, 1348. 


C,H,.NI y-Picoline methiodide, 479. 
C,H,,0,,N, §-Methylglucoside 2:3:6-trinitrate, 838. 
C,H,,0,,.N, §-Methylglucoside 3:4-dinitrate, 835. 
C,H,,0N, 3:3-Dimethylcyclobutanone semicarbazone, 1214. 
13 1-Bromo-3-acetoxy-2:2-dimethylpropane, 1213. 
C,H,,0,Tl Dimethylthallic ps or ear ws 1887. 
C,H,,0,Cl a-Methylhexoside chlorohydrins, 474. 
15 3-Amino-a-methylglucoside, 1813. 
2:3-Dimethy] l-arabonamide, 504. 
Methylglucosaminide, structure of, 745. 
C,H,,CIS Ethyl] 5-chloroamy] sulphide, 814. 


7IV 
C,H,O.NBr 5-Bromo-]-hydroxybenzoxazole, 328. 
C,H,O,NS 2-Keto-1:2-dihydrobenzisothiazole oe 2116. 
159 





7 IV—8 Ill Formula Index. 


C,H,0,CIS 5-Chloro-2-thiolbenzoic acid, 2117. 
C,H; a 3-Iodo-4:6-dinitrotoluene, 1785. 
C.H,ON.S 5-Amino-1-thiolbenzoxazole, 328. 
C,H,O Chlorophenylnitromethanes, 1026. 
C.H,O,.NBr Bromophenylnitromethanes, 1026. 
C,H,0,CIS 5-Chloro-2-hydroxyphenylmethylsulphone, 904. 
er B-2- qr eg" 2103. 
C.H,O,NS £-2-Thienylalanine, 2102 
C,H,0,N,Cl 5-Chloro-5-propylbarbituric acids, 1623, 


7V 
C,H,ONCIS 4-Chloro-2-keto-1:2-dihydrobenzisothiazole, 2117. 
C,H,ONBrS 5-Bromo-1-thiolbenzoxazole, 328. 
C,H,O,NCIS 5-Chloro-2-aminothiolbenzoic acid, 2117. 
C,H,ON,Br,Hg Anisyldiazonium mercuritribromide, 898. 


C, Group. 


C,H, Styrene, catalytic polymerisation of, 246, 1048. 
C,H,, 1-Vinyl-41-cyclohexene, 61. 
C,H,, Octanes, ignition of, under pressure, 238. 


C,H,O, 2:4-Dihydroxy-3-formylbenzoic acid, 1831. 
2-Hydroxy-3:4-methylenedioxybenzoic acid, 1605. 
C,H,O, 2:5- Dihydroxy- 3:4-methylenedioxybenzoic acid, 1606. 
C,H,N, 5(4)-3’-Pyridylglyoxaline, and its salts, 755. 
3H,0, Mandelic acid, compounds formed by, with its salts, 264; dissociation constant of, in water, 73 
solubility of, in metallic chlorides and nitrates, 266 ; calcium. salt, dissociation of, in water, 271. 
C,H,O, 2:3-Dihydroxy-4-methoxybenzaldehyde, 373. 
2:6-Dihydroxy-m-toluic acid, 1831. 
4-Hydroxy-6-methoxy-2:5-toluquinone, 440. 
C.H,O, 2:3-Dihydroxy-4-methoxybenzoic acid, 757. 
Methyl 3-methoxy-a-pyrone-6-carboxylate, 715. 
C,H,O, Methyl 3-hydroxy-4-methoxy-a-pyrone-6-carboxylate, 712. 
sH,.0, 3:4:6-Trihydroxy-2-methoxytoluene, 440. 
sH,,0, 3-Hydroxy-4-methoxy-6-methoxymethyl-a-pyrone, 713. 
C,H,,0, cycloHexylideneacetic acid, attempted resolution of, and its alkaloidal salts, 494. 
3:3-Dimethylcyclobutane-1:1-dicarboxylic acid, 1213. 
2:4-Dimethyl 3:6-anhydrogluconolactone, 1095. 
1-Vinylcyclohexanol, 61. 
Methyl] 3:3-dimethylcyclobutanecarboxylate, 1213. 
Oot n-Propylpropenylcarbinyl formate, 1918. 
«H,,0; Dimethyl anhydroglucose, 1095. 
OHO: 2:3-Dimethyl methyl-l-arabinoside, 504. 
2:4:5-Trimethyl d-arabinose, 1979. 
C,H,,0, 4:6-Dimethy] altrose, 475. 
2:6-Dimethy]l glucose, 836. 
2-Methyl a-methylgalactoside, 1200. 


8 i 


C,H,0,Cl, 6-Chloro-3:4-dichloromethylenedioxybenzyl chloride, 1783. 

C,H,0,Cl, 6-Chloro-3:4-carbonyldioxybenzyl chloride, 1783. 

C,H,0,N Phthalimide, mol. wt. and vapour density of, 716. 

C,H,0,Br, 1:5:6-Tribromo-2-methoxy-3:4- -methylenedioxy benzene, 757. 

C,H,0,Br 5-Bromo-2-hydroxy-3:4-methylenedioxybenzoic acid, 1607. 

C,H,0,N 5-Nitro-2-hydroxy-3:4-methylenedioxy benzoic acid, 1608. 

C,H,0,Cl, 6-Chloro-3:4-methylenedioxybenzyl chloride, 1781. 

C,H,O,Br, 6-Bromo-3:4-methylenedioxybenzyl bromide, 1782. 

C,.H,0,N, Dinitrosodiformyl- 1:4-phenylenediamine, 1371. 

C,H,ON, 5-2’-Pyridylpyrazolone, 754. 

C,H,0,C1 6- Chloro- 3:4-methylenedioxybenzy] alcohol, 1781. 

C,H,0,Br 6-Bromo-3:4-methylenedioxy benz 1 alcohol, 1781. 

C.H,N,S 5(4)-Pyridylglyoxaline-2- thiols, an their salts, 755. 

C,H,OCl, 3-Chloro-4-methoxybenzyl chioride, 1782. 

C,H,OBr, 3. Bromo-4-methoxybenzyl bromide, 1782. 
Nitrosoacetanilide, decomposition of, in solution, 116. 
1:4-Dihydroxy-2:3-dihydrophthalazine peroxide, barium salt, 793. 
3-Chloro-4-methoxybenzy] alcohol, 1781. 

CoH. O.Br 3-Bromo-4-methoxybenzy] alcohol, 1781. 

C,H,0,N, y-Resorcylaldehyde semicarbazone, 1831. 

C,H,,0,8 2-Hydroxy-5-tolylmethylsulphone, 903. 

Methoxyphenylmethylsu phones, 903. 


C,H,,0,8 2:5-Dimethoxybenzenesulphonic acid, .“ 
1 





Formula Index. 


C,.H,.0 2:4-Bismethylsulphonylphenol, 904. 
C,H,,0N, 1-Hydroxy-3-tolyl-1-methyltriazens, and their metallic salts, 1348. 
C,H,,0,Br Methyl] 1-bromo-3:3-dimethylcyclobutane-1l-carboxylate, 1213. 
ok 4-Methyl £-methylglucoside 2:3:6-trinitrate, 838. 
2H,,0,N, y5-Dimethyl-4”-hexadien-fe-dione dioxime, hydrochloride of, 1968. 
C.H,;0,N 2:4-Dir..ethyl 3:6-anhydrogluconamide, 1095. 
C,H,;0,C1 Dimethyl chlorohexose, 1096. 
C,H,,0,N N-Acetyl glucosamine, 1499. 
C,H,.0,Te Ethyl n-butyltelluroacetate, 345. 
eH,,0,N, y-Hydroxy-y3-dimethylhexan-fe-dione dioxime, 1967. 
C,H,,0,N /-8-Octyl nitrite, action of, with dl-B-butanol, 965. 
C,H,,0,N 2:3:5-Trimethyl d-arabonamide, 1980. 
C,H,,CIS Ethyl 6-chlorohexyl sulphide, 814. 
=a [ree pr sulphide, 1894. 
C,H. Diisobutyl sulphoxide, electric moment of, 211. 
Methyl ig 9 are tyl sulphide, 1894. 
C,H,,.Cl,Pb —— -lead dichloride, thermal decomposition of, 1466. 
C,H,,I,Te Di-n-butyltelluronium di-iodide, 347. 
C,H.,0.Te Di-n-butyltelluronium dihydroxide, and its salts, 345. 


8 IV 


C,H,0,C1,Br 6-Bromo-3:4-dichloromethylenedioxybenzyl chloride, 1783. 
C,H,0,CIBr 6-Bromo-3:4-carbonyldioxybenzyl chloride, 1783. 
C,H,;0,N.Cl 6-Chloroisonitroso-oxindole, 1844. 
0 5-Bromo-1-keto-2-methy]-1:2-dihydrobenzoxazole, 328. 

C,H,O,N.8 2-Thienylidenehydantoin, 2102. 
C 6-Bromo-3:4-methylenedioxybenzyl chloride, 1782. 

6-Chloro-3:4-methylenedioxybenzyl bromide, 1782. 
C,H,0,CiI €-Chisce-Sot-anathylonsdionybeaagt iodide, 1782. 
oe olen 6-Bromv-3:4-methylenedioxy benzyl iodide, 1782. 
C,H, 3-Bromo-4-methoxybenzy] chloride, 1782. 

3-Chloro-4-methoxybenzy] bromide, 1782. 
C,H,OCII 3-Chloro-4-methoxybenzy]l iodide, 1782. 
C,H,OBrI 3-Bromo-4-methoxybenzy]l iodide, 1782. 
C,H,0.N.S 3-Methylbenz-1:2:4-thiadiazine 1:1-dioxide, 2056. 

2-Thienylmethylhydantoin, 2102. 

rf 2-Nitrobenzenesulphonacetamide, 2056. 
.NAs p-Arsono-oxanilic acid, aniline salts of, 444. 

C,H,0,CIS, 1-Chloro-4-methylsulphonyl-2-methylthiolbenzene, 904. 
C,H,0,CI8S, 1-Chloro-2:4-bismethylsulphonylbenzene, 904. 
C,H,O.N Oxanilamide-p-arsonic acid, and its sodium salt, 443. 
C,H,,0,N.8 2-Sulphonamidoacetanilide, 2056. 
C,H,,.0,NAs Phenylacetamido-p-arsonic acid, and its ammonium salt, 471. 
C,H, p-Toluenesulphonmethylamide, association of, in solution, 1790. 
C,H,,0,N,Cl 5-Chloro-5-n-butylbarbituric acid, 1624. 


8V 


C,H,ONBrS 5-Bromo-1-methylthiobenzoxazole, 328. 
C,H,,N.8,As,Pd Dithiocyanatobis(trimethylarsine)palladium, 707. 


8 VI 
C,H,,N,Cl,S,As,Pd, Dichlorobis(trimethylarsine)-u-dithiocyanatodipalladium, 707. 
C,H,,N.Br,S,As.Pd, Dibromobis(trimethylarsine)-y-dithiocyanatodipalladium, 707. 
C, Group. 
C,H,, 1-Methyl-2-vinyl-4!-cyclohexene, 63. 
90 


C,H,O, 5-Hydroxycoumarin, 1833. 
C,H,O, 5:6- bene re ae 353. 
C,H,O, 2-Methoxy-3:4-methylenedioxybenzaldehyde, 757. 


CoH.0, fe ate ay ee ame acids, 758. 
y 


Methy! 2:4-dihydroxy-3-formylbenzoate, 1830. 
C,H,N, 3:4-Diaminoquinoline, and its picrate, 976. 
C,H,,0, Ethyl benzoate, nitration of, 905. 
m-Methoxyphenylacetaldehyde, 2006. 
dl-Phenylmethylcarbinyl formate, 491. 
C,H,,0, 3:4-Methylenedioxybenzy] methyl ether, 1783. 
C,H,,0, 2:6-Dimethoxy-m-toluic acid, 1831. 
Dimethoxy-2:5-toluquinones, 439. 
Methyl 2:6-dihydroxy-m-toluate, 1830. 
Parsley apione, 1605. 





9 1—9IV Formula Index. 


C,H,,0, 2:4:6-Trihydroxy-3-methoxyacetophenone, 1559. 

C,H,.0, 2:5-Dihydroxy-3:4-dimethoxybenzoic acid, 1604. 
Methyl] 3:4-dimethoxy-a-pyrone-6-carboxylate, 713. 

C,H,,0, 3:4-Dimethoxy-6-methoxymethyl-a-pyrone, 714. 

C,H,,0 2-Methyl-1-ethinylcyclohexanol, 62. 
1-Propio Icyclohexene, 1856. 

140, 5 dstitasdiagentane-t-cecbenslio-B-cceile acids, 670. 
130 2-Methyl-l-vinylcyclohexanol, 62. 
C,H,,0, (—)-n-Pro vlallylcarbinyl acetate, 2106. 
C,H,,0, 7-Aldehydo-octoic acid, 1826. 
9H,,0, af-Dimethyl-y-ethylglutaric acid, 54. 
2:6-Dimethyl 3:4-anhydro-8-methylalloside, 1093. 
'oH,,0, 3:4:6-Trimethyl 3-altronolactone, 1421. 
2:4:6-Trimethyl 5-gluconolactone, 1420, 1697. 
3:5:6-Trimethyl y-gluconolactone, 1978. 

C,H,,0, Tetramethyl aldehydo-d-arabinose, 1979. 
Trimethyl methyl-d-arabofuranoside, 1980. 
2:3:5-Trimethyl methy]-l-arabofuranoside, 504. 

C,H,,0, 4:6-Dimethyl a-methylaltroside, 475. 
4:6-Dimethyl 8-methylaltroside, 1815. 
2:6-Dimethyl 8-methylglucoside, 835. 
2:4:6-Trimethyl altrose, 476. 
3:4:6-Trimethyl altrose, 1421. 
2:4:6-Trimethyl a-galactose, 1196. 


9m 


C,H,ON Methylenephthalimidine, 4. 
C,H,O,N Nitro-3-hydroxycinnamic acids, 172. 
C.H,O,Br Methyl 5-bromo-2:4-dihydroxy-3-formylbenzoate, 1830. 
4:7-Dibromo-5:6-dihydroxyhydrindene, 352. 
C,H,0,N, 5-Acetamido-1-hydroxybenzoxazole, 328. 
C,H,.N.S 5(4)-Phenylglyoxaline-2-thiol, and its picrate, 754. 
A w-Bromo-o-methylacetophenone, 447. 
C,H,0,Cl 3-Chloro-p-anisylacetic acid, 1782. 
C,H,,0.N, 6-Nitroso-m-dimethylaminobenzaldehyde, 752. 
C,H,,.0,N, Ethyl 2-nitro-3-aminobenzoate, 1038. 
C,H,,0,N, 4-Nitro-2-hydroxyphenylurethane, 327. 
C,H,,0ON Dimethylaminovenzaldehydes, preparation of, 751. 
C,H,,0Cl £-p-Anisylethy] chloride, 696. 
1 p-F luorophenyl isopropyl ether, 1417. 
C,H,,0,.N Ethyl 4-metbylpyridine-2-carboxylate, 478. 
C,H,,0,C1 3-Chloro-4-methoxybenzy] methy] ether, 1782. 
»H,,0,N, 2:4-Dinitrophenylmethylethylamine, 1313. 
C,H,,0;As Methyl p-arsonophenylacetate, and its sodium salt, 471. 
C,H,,0,8, 2:4-Bismethylsulphonylanisole, 904. 
C,H,,0,N 2-Furyl 8-dimethylaminoethyl ketone, hydrochloride of, 1055. 
C,H,,0,,N, 4-Acetyl 8-methylglucoside 2:3:6-trinitrate, 838. 
C,H ON 4-Ketodeca ydroquinoline, and its salts, 1184. 
1-Pro ionyleyclohexene oxime, 1856. 
C,H,,ON, cycloHexenylacetaldehyde semicarbazone, 545. 
cycloHexylideneacetaldehyde semicarbazone, 545. 
0,H.,.O.N, 4-Acetoxycyclohexanone semicarbazone, 545. 
C,H,,0,N 4:6-Ethylidene £-methylglucoside 3-nitrate, 834. 
C,H,,0,.N, 2:6-Dimethyl a-methylgalactose 3:4-dinitrate, 1200. 
2:6-Dimethyl B-methylglucoside 3:4-dinitrate, 835. 
C,H,,0,N Ethyl 4-methylpiperidine-2-carboxylate, and its picrate, 1185. 
C,H,,0,N N-Acetyl methylglucosaminide, 748. 
C,H,,0,N 2:4:6.Trimethyl g uconamide, 1420, 1698. 
3:5:6-Trimethyl gluconamide, 1978. 
3:4:6-Trimethyl i cceememmenaiie. 1180. 
C,H,,CIS Methyl 8-chloro-octyl sulphide, 1894. 
C,H,,0S Methyl 8-hydroxyoctyl sulphide, 1894. 
C,H,,7Te Methyldi--butyitelluronium iodide, 344. 


9 IV 
C,H,O,NCl 6-Chloropiperonylacetonitrile, 1782. 
C,H,O,NS 2-Keto-1l-acetyl-1:2-dihydrobenzisothiazole S-oxide, 2116. 
C,H,ONC] 3-Chloro-p-anisylacetonitrile, 1782. 
C,H,ONBr nee nes 1782. 
C,H,O,NBr a-Bromo-f-hydroxy-f-p-nitrophenylpropionic acid, 659. 
ona 8 Dinitrobenzoyltauric acid, sodium salt, 1401. 
C,H,,ON,S Phenacylthiourea, 754. 
C,H,,0,NAs Methy! p-arsono-oxanilate, 443. 
2162 





Formula Index. 


CoH Os As Oxanilomethylamide-p-arsonic acid, and its sodium salt, 443. 
Cole Phenylacetomethylamide-p-arsonic acid, and its sodium salt, 471. 
130) 2-Thienyl 8-dimethylaminoethyl ketone, hydrochloride of, 1054. 

C,H,,0,N,Cl 5-Chloro-5-isoamylbarbituric acid, 1624. 


9V 
C,H,O,NCIS 4-Chloro-2-keto-1-acetyl-1:2-dihydrobenzisothiazole, 2117. 


C,, Group. 


C,oH,, 2-Methyl-1-4¥-vutenylcyclopentene, 669. 
8-Methylhexahydroindene, 669. 
B-Phellandrene, 119; reaction of, with maleic anhydride, 2028. 


10 0 


C,oH,O, Beghaein methylene ether, 758. 

C,.H,O, 5-Hydroxycoumarin-3-carboxylic acid, 1833. 

C,.H,O, 5-Hydroxy-4-methylcoumarin, 231. 
5-Methoxycoumarin, 1833. 

C,o0H,O, 2-Acetoxy-3:4-methylenedioxybenzoic acid, 1605. 

C, a-Naphthylamine, catalytic phenylation of, 1181. 

C,.H,N, 6-Amino-2:2’-dipyridyl, 1669. 

C,oH,.0; 2-Hydroxy-3:4-methylenedioxy-1-allylbenzene, 1606. 
2:3-Methylenedioxypheny] allyl ether, 1606. 

C,oH,00, 4-Methoxy-2:3-methylenedioxyacetophenone, 374. 

CioH;.0, 6-Acetoxy-4-methoxytoluquinone, 441. 
2:4-Dimethoxy-3-formylbenzoic acid, 1831. 

Methyl 2-hydroxy-4-methoxy-3-formylbenzoate, 1830. 
Methyl 4-methoxy-2:3-methylenedioxybenzoate, 758. 

C,oH,00, Parsley apiolic acid, 1606. 

C,oH,oN, 5-Amino-2:2’-dipyridylamine, 1297. 
6:6°-Diamino-2:2’-dipyridyl, 1669. 

C,oH,,N, 3:4-Diaminoquinaldine, and its chloroplatinate, 974. 

C,oH,,0, 4-Acetoxyveratrole, 375. 
oH,,O 4%-a-Octalone, 1779. 

C1oH,,0, B-4-Methoxy-m-tolylethy]l alcohol, 509. 

CioH,,0, 1-Carbethoxy-1-methylcyclohexane-2:4-dione, 2006. 

1440, Tetramethyl-aa’-diketoadipic acid, 714. 

C,.H,,0 5-Keto-8-methylhydrindane, 1098. 

10HygO, 2:2-Dimethylcyclohexylideneacetic acid, 777. 
1:3:4-Trimethyl-A*-tetrahydrobenzoic acid, 18. 
2:4:5-Trimethyl-4*-tetrahydrobenzoic acid, 19. 

C,.H,,0, Ethyl 4-methoxycyclohexanone-2-carboxylate, 60. 
c Hexane-1-carboxylic-2-a- ropionic acid, 52. 
c1s-1-Methylcyclopentane-1:2-diacetic acid, 670. 

C,H £0, a-Carboxy-af-dimethyl-y-ethylglutaric acid, 54. 

arboxy-af-dimethyl-y-ethylg!ataric acid, 55. 


Yy- 
C,oH,,0 /-Menthone, inversion of, in chlorobenzene, 382. 
2-Hlethyl-1-4v-butenyleyclopentanol, 669. 


cis-8-Methyl-6-hydrindanol, 670. 

Thujyl alcohols, 2019. 

CoH, Dihydroascaridole, 832. 

2:2. imethyleyclohexylacetic acids, and their salts, 775. 
C,.H,,0, 1- ee A :2-dimethylcyclohexy]-l-acetic acid, 777. 
130, 4:6-Ethylidene 2-methyl B-methylglucoside, 835. 

wg * hexonolactone, 1094. 
C.oH,.N 8-Methyloctahydropyridocolines, and their salts, 1186. 
ee -altropyranose, 1420. 

2:4:6-Trimethyl a-methylaltroside, 476. 

2:4:6-Trimethyl a- and £-methylgalactosides, 1199. 

2:4:6-Trimethyl B-methylglucopyranoside, 1420. 

wht methylglucoside, 1093. 

C,oH,.8, Di-n-amyl disulphide, 1875. 


10 


C,.H,.N,Br, Dibromo-2:2’-dipyridyls, 1668. 
C,.H,0,N Phthalimideneacetic acid, and its copper salt, 4. 
C, pte sy ew dine, 976. 
C,o.H,N,Br Bromo-2:2’-dipyridyls, 1668. sid 
C,.H,O,8 Naphthalenesulphinic acids, acid potassium and :sodium salts, 1490. 
C,.H,.0,Cl a-(2-Chloropiperony!)- -chloroacetone, 8’ §. 
C,oH,0,N, Diniive-4-centhequinaidine, 977. 
4-Nitroaminonitroquinaldine, 976. 2163 
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C,.H,O,.N Sodium salicylideneacetone, 2027. 

C,.H,0,C1 Methyl 6-chloropiperonylacetate, 1782. 

C,oH,O;N Nitro-3-methoxycinnamic acids, 172. 

C,oH,O,N;, 3:5-Dinitrobenzoyl-f-alanine, 1400. 
3:5-Dinitrobenzoylsarcosine, 1400. 

C,.H,O,N, N-3:5-Dinitrobenzoyl-dl-serine, 1400. 

CioH,,0,N, 6-Acetamido-oxindole, 1844. 
4-Aminonitroaminoquinaldine, 977. 

C,oH,.0,N, Dinitrosodiacety]-1:4-phenylenediamine, 1371. 

CioH,.0;N, 2-Nitro-4-acetamidophenylacetic acid, 1844. 

C,oH,,0,Br — a-bromo-f-hydroxy-f-phenylpropionate, 658. 

C,.H,,0,N 4-Methoxy-2:3-methylenedioxyacetanilide, 375. 
4-Methoxy-2:3-methylenedioxyacetophenoneoxime, 374. 

C,.H,,0,N; $- Metheny O0t-enstigiens ioxy benzaldehyde semicarbazone, 758. 

C,.H,,0,Br 5-Bromo-4-acetoxyveratrole, 375. 

C,oH,;001 -4-Methoxy-m-tolylethyl chloride, 509. 

C,.H,;,0.N; o-Sisthenyehanelasstiiihete semicarbazone, 2007. 

C,oH,;0,C1 3-Chloro-4-methoxybenzy] ethyl ether, 1782. 

C,.H,,0,.Br 3-Bromo-4-methoxybenzyl ethyl ether, 1782. 
Hydroxymethoxybromopropylbenzene, 2008. 

0,,H..O.N B-3-Methoxyphenylalanine, 175. 

C,.H,,0,N, Guanine Gecagetbedtite, constitution of, 692. 

Crt: ON s Guanosine, constitution of, 692. 

10H,,ON, o-Dimethylaminobenzaldehyde semicarbazone, 753. 

C,oH, OSs 2:4-Bismethylsulphonylphenetole, 904. 

C,.H,,ON 1-Keto-8-methyloctahydropyridocoline, and its picrate, 1186. 

C,oH,,ON, cis-7-Methylbicyclo[0:3:3]octanone semicarbazone, 670. 
1-Propionylcyclohexene semicarbazone, 1856. 

C,.H,,0,N, Hexenol pyruvic ester semicarbazone from sarsaparilla root, 2042. 

C,oH,,0,N 4:6-Ethylidene-2-methyl 8-methylglucoside 3-nitrate, 834. 

C,.H,,ON dl-Lupinine, resolution of, 1574. 

C,oH,,0,N 2:3:4-Trimethyl d-glycuronamide, 1180. 

C,.H,,0,C1 Chlorotrihydroxymenthane, 831. 

C,,H,,CIS Methyl 9-chloronony] sulphide, 1894. 

C,.H,,0S Methyl 9-hydroxynony] sulphide, 1894. 


10 IV 


C,oH,0,N,8 Acetyl-2-thienylidenehydantoin, 2102. 

C,.H,O,N,Br, 3:5-Dibromo-2-nitro-4-acetamidophenylacetic acid, 1844. 

C,oH,O,N,Re 2:2’-Dipyridy] per-rhenate, 1861. 

C,.H,N,RuCl, Dipyridylium ruthenium tetrachloride, 1423. 

C,oH,.N.Cl,Re 2:2’-Dipyridyl rhenichloride, 1860. 

C,.H,,0,NAs Ethyl p-arsono-oxanilate, 443. 

C,oH,,N.Cl,.Ru Dipyridinium ruthenium tetrachloride, 1423. 

C.oH,,0,N,As Oxanilodimethyl-p-arsonic acid, and its sodium salt, 443. 
Oxaniloethylamide-p-arsonic acid, and its sodium salt, 443. 

C,.H,,0O,NAs Phenylacetodimethylamide-p-arsonic acid, and its sodium salt, 471. 

C,.H,,0,.NAs Phenylacetoethylamide-p-arsonic acid, and its sodium salt, 472. 


10 V 


C,.H,ON,C1,Ru Pitchinewainese 96 -Gapiteivetnaninn, 1677. 
ON,Br,Ru Tribromonitroso-2:2’-dipyridylruthenium, 1678. 
C,,.H,ON,I,Ru Tri-iodonitroso-2:2’-dipyridylruthenium, 1678. 


C,, Group. 


C,,H,0, oa SS Sa acid, 1832. 


C,,H.N, 4:6- wee, ee Sg gece 1301. 
C,,H,N, 6-Cyano-2:2’-dipyridyl, 1669. 
C,,H,0, 5-Acetoxycoumarin, 1833. 
4-Methyldaphnetin methylene ether, 1608. 
C,,H,O, 5-Hydroxy-4-methylcoumarin-6-carboxylic acid, 231. 
11H,.N, Pyrido(1’:2’:1:2)benziminazole, 1299. 
a2 s Aminopyrido(1’:2’:1:2)benziminazole, 1299. 
2-Methylquin(3:4:5’:4’)iminazole, 975. 
C,,H,.0, 7-Hydroxy-6-methoxy-4-methylcoumarin, 374. 
1190, a- and B-2-Methoxy-3:4-methylenedioxycinnamic acids, 758. 
1:H,,0, Methylenedioxyquinol diacetate, 1605. 
,H,,.N, 4:6-Diaminopyrido(1’:2’:1:2)benziminazole, 1299. 
:H,.N, 4:6-Bistriazo-3’:4’:5’:6’-tetrahydropyridobenziminazole, 1301. 
C,,H,,0, 6-Methoxy-f-tetralone, 2003. 
11H,20, Croweacin, constitution of, 756. 
C,,H,,0, 2:6-Dimethoxycinnamic acid, 1833. ones 





Formula Index. 


C,,H,,N, 4-Aminomethylquinaldines, 1086. 
3’:4’:5':6’-Tetrahydropyrido(1’:2’:1:2)benziminazole, 1300. 
C,,H,,N, N-2’:4’- eee 1298. 
C,,H,,N, 3:4-Diaminomethylquinaldines, and their picrates, 975. 
4-Hydrazino-8-methylquinaldine, 975. 
C,,H,,0 /-Phenyl £-n-butyl ketone, racemisation and hydrogen exchange of, 80. 
C,,H,,0, ey even yl ether, 1381. 
C,,H,,0, 2:5-Dihydroxy-n-propylacetophenones, 2070. 
2:5-Dihydroxyisovalerophenone, 2068. 
C,,:H,,0, 2-Hydroxy-4:6-dimethoxy-5-methylacetophenone, 308. 
C..H.N, 4:6-Diamino-3’:4’:5’:6’-tetrahydropyrido(1’:2’:1:2)benziminazole, 1300. 
C,,H,.0, 2:5-Dimethoxy-n-propylbenzene, 2070. 
C,,H,.0, Ethyl re Ne eo ae and its copper salt, 60. 
C,,H,,0, y-(1-Hydroxy-2-methylcyclohexyl)butyrolactone, 663. 
Methyl 1:3:4-trimethy]-4*-tetrahydrobenzoate, 17. 
C,,H,,0, y-{3-Kato-5-metheuyepsichexyibutyzie acid, 60. 
9-Methyl-1-decalol, 664. 
2-Methy] 3:4-isopropylidene a-methylgalactoside, 1199. 
2:3:4-Trimethyl d-glycuronoside methyl ester, 1180. 
jee “pee -methylaltropyranoside, 1420. 
etramethy] £-methylhexoside, 1093. 


11 Mm 


C,,H,O,N, 4:6-Dinitropyrido(1’:2’:1:2)benziminazole, 1298. 
C,,H,O,N 1-Hydroxy-a-naphthoxazole, 326. 

2-Hydroxy-8-naphthoxazole, 327. 

Ns Nitropyrido(1’:2:1:2)benziminazole, 1299. 
s N-2’:4’:6’-Trinitrophenyl-2-aminopyridine, 1298. 
ON, 1-Amino-a-naphthoxazole, 325. 

2-Amino-8-naphthoxazole, 326. 
C,,H,0,N, 2:2’-Dipyridyl-6-carboxylic acid, 1669. 
C,,H,0,N, Nitroaminopyrido(1’:2’:1:2)benziminazole, 1299. 
C,,H,O,N, N-2’:4’-Dinitrophenyl-2-aminopyridine, 1297. 
C,,H,0,N — phthalimideneacetate, 5. 
C,,H,,0,Br, Dibromocroweacin dibromide, 757. 
C,,H,.0,N, 3:5-Dinitrobenzoylglycylglycine, 1399. 
C,,H,)NCl 4-Chloromethylquinaldine, and its picrate, 975. 
C,,H,,0N 4-Hydroxymethylquinaldine, 975. 


C,,H,,0ON, 1-Hydroxy-3-8-naphthyl-l-methyltriazen, and its metallic salts, 1349. 
C,,H,,0,.N a-Cyano-y-phenylbutyric acid, 2010. 
C,,H,,0,C1 Ethyl 6-chloropiperonylacetate, 1782. 


a : Om Ethyl 6-bromopiperonylacetate, 1782. 
C,,H,,0,N Methyl! nitro-3-methoxycinnamates, 172. 
C,,H,,0,N, Ethyl nitro-3-acetamidobenzoates, 1038. 
C,,H,,0,N Methyl tetrahydroquinoline-2-carboxylate, 1318. 
C,,H,,0,N Ethyl m-acetamido nzoate, 382. 
6-Methoxy-1:2:3:4-tetrahydroisoquinoline-3-carboxylic acid, 175. 
C,,H,,0,N, Tetrahydro-y-pyrone p-nitrophenylhydrazone, 1216. 
11s y-Chloro-a-veratrylacetone, 805. 
A : OF a-Bromopropioveratrone, 811. 
C,,H,,0,N 5-Acetamido-2-methoxypheny] acetate, 374. 
a 2:6-Diacetyl B-methylglucoside 3:4-dinitrate, 835. 
C,,H,,ON, 5-Keto-8-methylhydrindane semicarbazone, 1098. 
4?-a-Octalone semicarbazone, 1779. 
C,,H,,0,N, y-2-Ketocyclohexenylbutyric acid semicarbazone, 61. 
C,,H,,0,.N 2-Furyl p- betwee des ap pd ketone, hydrochloride of, 1055. 
11H1,,0N, cis-8-Methyl-6-hydrindanone semicarbazone, 670. 
C,,H,,0,.N Methyl decahydroquinoline-2-carboxylate, 1318. 
C,,H,;0,N Seer pe gluconamide, 1978. 
C,,H,;,CIS Methyl 10-chlorodecy] sulphide, 1894. 
C,,H,,OS Methyl 10-hydroxydecyl sulphide, 1894. 
C,,H,,N,I Triethyltrimethylenetriamine ethiodide, 1312. 


11 IV 


C,,H,,ON,S 1-Hydroxy-2-naphthylthiourea, 324. 
2-Hydroxy-1-na hthylthiourea, 326. 

C,,H,,0,NBr, Ethyl 3:5-dibromo-o-acetamidobenzoate, 382. 

C,,H,,0,NBr OE oe Pe ee 659. 
C,,H,,0,N8 2:4-Di en 1621. 

C,,H,,0,.N.8 2-Nitro-4-piperidinobenzenesulphonamide, 1621. 

GibasOeM As Oxanilo-n-propylamide-p-arsonic acid, and its sodium salt, 443. 
C,,H,,O0.N ee i acid, and its salts, 472. 
165 
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1l1vV 


C,,H,,0,N.CIS 4-Chloro-2-nitrobenzenesulphonylpiperidide, 1621. 
C,,H,,0,N,CIS 4-Chloro-2-piperidinobenzenesulphonamide, 1620. 


C,, Group. 


C,,H,, 1:2:3:4-Tetrahydrodimethylnaphthalenes, 1307. 
C,,H,. 1:3:4-Trimethyl-1-isopropenyl-4*-cyclohexene, 18. 
C,,.H,, 1:2:4-Trimethyl-4-isopropylcyclohexane, 17. 


120 

C,,H,N, 6:6-Dicyano-2:2’-dipyridyl, 1669. 

C,,H,O, 5-Methoxycoumarin-3:8-dicarboxylic acid, 1833. 

C,,H,N, Phenazine, configuration of, 404. 

C,,H,8, Thianthren, configuration of, 404. 

C,,H,Se, Selenanthren, configuration of, 704. 

C,,H,,.0 Diphenyl ether, dipole momert and oxygen valency angle of, 1869. 

C,,H,;,0, 4-trans-Acenaphthylene glycol, 191. 

C, 2H 1.0, Hy a eee rye a Seca 232. 

C,,H,,0, 5:7-Dihydroxyacetyl-4-methylcoumarin, 1428. 

Ethyl 5-hydroxycoumarin-3-carboxylate, 1831. 
Methyl 5-hydroxy-4-methylcoumarin-6-carboxylate, 230. 

C,,H,.N, Azobenzene, magnetic anisotropy of, 365. 
cis-Azobenzene, 879. . 
trans-Azobenzene, solubility of, in solutions of cetylpyridinium salts, 1968. 
Azobenzene, cis- and trans-forms of, and their conversion, 633. 
3-Methyl-3-isocarboline, 2014. 
3’-Methylpyrido(1’:2’:1:2)benziminazole, 1302. 

1 iN, Amino-3’-methylpyrido(1’:2’:1:2)benziminazole, 1301. 
2:2'-Dimethylquin(3:4:5’:4’)iminazole, and its salts, 975. 

C,:H,,I 4-Iodo-l-ethylnaphthalene, 403. 

C,.H,,0 6:7-Dimethyl-1-naphthol, 1310. 

C,.H,,0, 5-Hydroxy-4-methyl-6-ethylcoumarin, 232. 
6-Hydroxy-4-methyl-8-ethylcoumarin, 1068. 
oa ge ee eek ey acid, 2003. 

C,,H,,0, 4:6-Dimethoxy-2-formyl-3-methylcoumarin, 307. 

C,,H,,N, 4:6-Diamino-3’-methylpyrido(1’:2’:1:2)benziminazole, 1301. 

C,.H,,0, 2-Ethoxybenzylideneacetone, 1573. 

6-H droxy-2:2:4-trimethyl-4®-chromen, 1381. 

1:2:3:4-Tetrah droacenaphthylene glycols, 191. 
C,,H,,0, 4*°-Octahydronaphthalene-1:2-dicarboxylic anhydride, 62. 
C,.H,,0, 2:6-Dimethoxy-B-methylcinnamic acid, 237. 

Parsley apiole, 1606. 

CisH WN, 4-Aminodimethylquinaldines, 1087. 

- Bis-2-pyridylaminoethane, and its dihydrochloride, 1192. 
C,,H,,N, 3:4-Diaminodimethylquinaldines, and their picrates, 975. 
C,,.H,,0 ry sateen pe eg Hl es 1309. 

C,,H,,0, -Cumoquinol allyl ether, 1381. 
6-Hydroxy-2:4:6:7-tetramethylcoumaran, 1381. 
6-Hydroxy-2:2:4-irimethylchroman, 1381. 

C,,H,,0, 2-Hydroxy-5-methoxy-n-valerophenone, 2066. 
4-Methoxyp enyl valerate, 2066. 

Methyl B-hydroxy-f-benzyl-n-butyrate, 1856. 

C,,.H,,0, 4*!°-Octahydronaphthalene-1:2-dicarboxylic acid, 62. 

C,,H,,N 5-Amino-1:2:3:4-tetrahydro-6:7-dimethylnaphthalene, 1308. 

C,,.H,,0, 2-Hydroxy-5-methoxy-n-amylbenzene, 2066. 

Ethyl 2:4:5-trimethyl-4*-tetrahydrobenzoate, 19. 
1:2:4-Trimethyl-1:4-endoethylenecyclohexane-5-carboxylic acid, 290. 
C,,H,.,0, Ethyl 3:3-dimeth Icyclobutane-1:1-dicarboxylate, 1213. 
H ie“? acid, 199v. 

©,,H.,0, thyl methyl-f-acetylethylmalonate, 2006. 

C,,;H,,0 2-Methyl-1-4°-n-pentenylcyclohexanol, 662. 
1:3:4-Trimethy]-4*-c exenyldimethylcarbinol, 18. 

C,,H,,0, Ethyl 2:2-dimethylcyclohexylacetate, 775. 

C,,H,,0, a ne Icyclohexyl acetate, 775, 777. 

C,,H,,0, 2:6-Dimethy]l 3:4-isopropylidene a-methylgalactoside, 1199. 

C,,H,,Br, 1:2-Dibromo-1:2:4-trimethyl-4-isopropylcyclohexane, 16. 


2m 


C,,H,O.N, Phenazine di-N-oxide, 483. 
C,,H,O,N, 1-Hydroxyphenazine di-N-oxide, 483, e168 
1 





Formula Index. 


C,,H,O,N, 4:4’-Dinitrodiphenyl, dipole moment of, 1878. 
2:2’-Di gy oR poe lic acid, 1669. 

C,,H,O.N, 4:6-Dinitro-3’-methylpyrido(1’:2’:1:2)benziminazole, 1301. 

C,.H,O,N 2-Cyano-2-phenylcyclopentane-1:3-dione, 805. 
1-Keto-2-methyl-1:2-dihydro-a-naphthoxazole, 326. 
ey age Pomeroy Spe Pata 327. 

C,,H,O,C1 5-Chloro-6-met < ae coreg 2012. 

C,.H,O,Br Methyl 1-bromo-2-naphthoate, 1836. 

C,.H,O.N, Nitro-3’-methylpyrido(1’:2’:1:2)benziminazole, 1301. 

C,,H,0,Cl 5-Chloro-6-methoxy-2-naphthoic acid, 2012. 

C,.H,O,N;, 3:4’-Dinitrodiphenylamine, 2055. 

C,.H,O.N; N-Picryl-2-amino-3-methylpyridine, 1301. 
N-2’:4’:6’-Trinitrophenyl-N -methyl-2-aminopyridine, 1298. 

C,:H,,ON, 1-Imino-2-methyl-1:2-dihydro-a-naphthoxazole, 325. 
2-Imino-1-methyl-1:2-dihydro- -naphthoxazole, 326. 
1-Methylamino-a-naphthoxazole, 325. 
2-Methylamino-f-naphthoxazole, 326. 

0,.H,,0,N, Nitroamino-3’-methylpyrido(1’:2’:1:2)benziminazole, 1301. 
2H,,0,N, i ce Fis oylurea, 426. 

C,.H,.0,8 Hydroxydiphenylsulphones, 902. 

C,.H,,0,N 4-Nitro-l-ethylnaphthalene, 403. 

C,2H,,0,N 5-Hydroxy-6-acetyl-4-methylcoumarin oxime, 232. 

C,,H,,0,.N aine-2 ete nene dimethyl] ether, 1608. 
Nitro-y-(3:4-methylenedioxybenzyl)butyrolactone, 806. 

C,,H,,0,N, 3:5-Dinitrobenzoyl-dl-proline, 1400. 

C,.H,,N.I 3-Carboline methiodide, 2014. 

12H,,0Br, 2:2-Dibromo-1-keto-6:7-dimethyl-1:2:3:4-tetrahydronaphthalene, 1310. 

C,,H,,0,8 2:3-Dimethylnaphthalene-5-sulphonic acid, barium salt, 1310. 

C,.H,,ON 5:7-Dimethyl-4-hydroxyquinaldine, and its picrate, 976. 

C,,.H,,0Br 2-Bromo-1-keto-3:7-dimethyl-1:2:3:4-tetrahydronaphthalene, 1310. 

C,.H,,ON, 4-Aminoethoxyquinaldines, 1087. 

" “O.N, Ethyl 6-methoxy-3:4-dihydro-8-naphthoate hydrazide, 2003. 
r-a-Methylamino-8-3-indolylpropionic acid, 1911. 
C,,H,,0,N, 1-6-Methoxytryptophan, 97. 
140,N, Dinitrosodi-n-propionyl-1:4-phenylenediamine, 1371. 
2H, ,0. p-tert.-Butylphenacyl bromide, 447. 

C,,H,.0.N, Di-n-propionyl-1:4-phenylenediamine, 1371. 

C,.H,,0,8 1:2:3:4-Tetrahydrodimethylnaphthalenesulphonic acids, salts, 1307. 

1-Keto-9-methylhexahydronaphthalene semicarbazone, 61. 

2-Furyl B-piperidinoethyl ketone, hydrochloride of, 1055. 
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12khy7 
C,.H,,ON; 9-Methyl-l-octalone semicarbazone, 664. 
C,2H,,0. Tiglylnortropéine, and its salts, 1688. 
1-Acetyl-1:3:4-trimethyl-4*-cyclohexene semicarbazone, 18. 
Cc, :0.N dl-a-Methylbutyrylnortropéine, and its salts, 1688. 

wsoVa. eet ree and its salts, 1688. 

C,,H,,0,N 2:4:6- i 
C,2H,,0C] 12-Chlorododecy] alcohol, 1680. 


1 3 
methyl-3-acetamidomethylglucosides, 1814. 


12 IV 


C,.H,O,N,Cl 3-Chloro-2:4:6-trinitrodiphenylamine, 892. 

C,.H,O,.N,Cu Copper 2:2’-dihydroxyazobenzene, 301. 

. d Dithiocyanatobia( butyl hosphine)-y-dithiocyanatodipalladium, 1954. 

C,,H,0. 2-Thio-1-methyl-1:2-dihydro-8-naphthoxazole, 327. 

C,,H,OIS Iododipheny! sulphoxides, 213. 

C,,H,O.NS m-Nitrodi — sulphide, 213. 

C,,H,O,CIS 5-Chloro-2-hydroxydiphenylsulphone, 902. 

C,.H,,0;N.8 nat eee a ea acid, cupric salt, 302. 

C,,H,,0,N.8 Nitrobenzenesulphonanilides, and their sodium salts, 889. 
3-Aminodiphenylsulphone, 902. 
2:3-Dimethylnaphthalene-5-sulphonamide, 1310. 
Thiochrome, synthesis of, 26. 

2-Nitro-4-piperidinophenylmethylsulphones, 1620. 
2-Thienyl f-piperidinoethyl ketone, hydrochloride of, 1054. 
1:2:3:4-Tetrahydrodimethylnaphthalenesulphonamides, 1307. 
C,.H,,0,BrTe Ethyldi-n-butyltelluretine bromide, 344. 
C,.H,,0,N,S, Tetrakisacetoxymethylcyclotetrathioimine, 1597. 


12 V 


C,,H,O,NCI,S 2:4:6-Trichlorophenyl o-nitrobenzenesulphonate, 2056. 
C,,H,O,N.CI1S 4:4’-Dichloro-2:3’-dinitrodiphenylsulphone, 1621. 
C,,H,0. 4:4’-Dichloro-2-nitrodiphenyl os hide, 1621. 

C, 4:4’-Dichloro-2-nitrodiphenylsulphone, 1621. 
C,,.H,O,NCI1,8 2:4:6-Trichlorophenyl o-aminobenzenesulphonate, 2056. 
7 





12 V—13 II Formula Index. 


C,,H,,0,NFS Benzenesulphon-p-fluoroanilide, 1417. 
C,,H,,0,.NCIS 4-Chloro-2-piperidinophenylmethylsulphone, 1620. 


C,, Group. 
C,;H,,0, 4-Hydroxy-3’-keto-1:2-cyclopentenonaphthalene, 1393. 
C,;H,,0, 6-Methoxy-3:4-dihydronaphthalene-1:2-dicarboxylic anhydride, 2004. 
13H,,N,; Diaminoacridines, 25. 

C,,H,,Cl 4’-Chloro-2-methyldiphenyl, 116. 

C,;H,,0, 3-Phenyl-4?-cyclopenten-1l-one-2-acetic acid, 1392. 

C,;H,,0, 5-Hydroxy-6-acetyl-4:7-dimethylcoumarin, 1427. 

13H,,0, a ee coumarin, 374. 
7-Hydroxy-6-met oxy-8-acetyl-4-methylcoumarin, 374. 

5-Hydroxy-4-methyl-8-ethylcoumarin-6-carboxylic acid, 1067. 

C,H iN, cis- Benzeneazo-p-toluene, 879. 

3-Ethyl-3-isocarboline, 2014. 

C,,;H,,0, 3-Phenylcyclopentan-1-ol-2-acetolactone, 1393. 

C,,H,,0,; 7-Methoxy-4-methyl-8-ethylcoumarin, 1428. 
6:7-Methylenedioxy-3:1-endomethyleneoxy-1-methy]-1:2:3:4-tetrahydronaphthalene, 807. 

C,,H,,0, 4:6-Dimethoxy-2-formy]-3:5-dimethylcoumarone, 309. 

C,:H,,0, 4:6-Dimethoxy-3:5-dimethylcoumarone-2-carboxylic acid, 308. 
4:6-Dimethoxy-3-methylcoumaroné-2-acetic acid, 308. 
6-Methoxy-1:2:3:4-tetrahydronaphthalene-1:2-dicarboxylic acid, 2005. 

C,;H,,0, 2-n-Propoxybenzylideneacetone, 1573. 

C,,H,,0,; Ethylvanillylideneacetones, 1569. 
1-Keto-6:7-dimethoxy-3-methy]-1:2:3:4-tetrahydronaphthalene, 807. 
7-Methoxy-1:2:3:4-tetrahydro-1-naphthylacetic acid, 697. 

C,;H,,0, -(3:4-Dimethoxybenzyl)butyrolactone, 806. 
y-Veratryl-8-methylbutyrolactone, 805. 

C,;H,,0; y-Keto-5-veratrylvaleric acid, 806. 

B-Veratroyl-n-butyric acid, 811. 

y-Veratroyl-n-butyric acid, 808. 
C,,H,,N 5:6-Benzo-1:2:3:4:7:8-hexahydropyridocolines, 1319. 
C,;H,,0, Duroquinol allyl ether, 258. 

Ethyl B-benzyl-n-butyrate, 1857. 

C,;H,,0, 2:5-Dimethoxyisovalerophenone, 2069. 

C,;H,,0, 5-Veratrylvaleric acid, 808. 

C,;H..0, 2:5-Dimethoxy-n-amylbenzene, 2067. 


2:5-Dimethox — benzene, 2069. 


C,;H,,0, Ethyl 6-methyl-3-isopropylcyclohexanone-2-carboxylate, 513. 
C,,H,,0, Ethyl cis-1-methyleyclopentane-1-carboxylate-2-acetate, 671. 

Methyl 2-methylcyclohexane-1:1-diacetate, 1337. 
C,,H,,0, 2:3-Oxidodiethylidene-4:6-ethylidene a- and £-methylglucosides, 794. 
C,;H,,N 5:6-Benzododecahydropyridocolines, 1319. 
C,,H,,0 Methyl a-1:3:4-trimethyl-4*-cyclohexenylisopropyi ether, 18. 
C,,;H;.N, Tetrakisdimethylaminomethylmethane, and its salts, 1592. 


13 
C,;H,OCl 3-Chlorofiuorenone, 115. 
C,,H,OBr 4-Bromofluorenone, 1375. 
Bromofluorenones, 115. 
2:4:6-Trichloropheny] salicylate, 1898. 
2:4-Dinitroacridone, 25. 
C,;H,O,Se Phenoxselenine-2-carboxylic acid, and its salts, 33. 
C,,H,0,Te Phenoxtellurine-2-carboxylic acid, and its salts, 41. 
C,,H,O,Se 2-Carboxyphenoxselenine 10-oxide, 36. 
C,,;H,O,N, 2-op-Dinitrophenoxybenzoic acid, 2054. 
4-Nitrophenyl 5-nitro-2-hydroxybenzoate, 1898. 
C,,H,O,Cl Chlorodiphenyl-2-carboxylic acids, 115. 
C,,H,0O,Br 5-Bromodiphenyl-2-carboxylic acid, 115. 
C,;H,O,Na Sodium phenyl salicylate, 1900. 
C,,H,O.N 4-Nitrodiphenyl-2-carboxylic acid, 115. 
C,,H,O,N 4’-Nitro-2-carboxydipheny] ether, 1899. 
C,,H,O,N, 2-op-Dinitrophenoxybenzamide, 2054. 
Dinitrodiphenylamine-2-carboxylic acids, 24, 
Salic 1o-2':4' -dinitroanilide, 2055. 
C, Hie 2-Methylphenoxtellurine, 40. 
C,;H,,0,N, 1-Acetamido-a-naphthoxazole, 325. 
2-Acetamido-f-naphthoxazo e, 326. 
Azobenzene-o-carboxylic acid, and its cupric salt, 300. 
C,;H,,0,N, 2-p-Nitrophenoxybenzamide, 2054. 
C,,:H,.0,Se a 1 ether 2-seleninic acid, 33. 
C,,H,,0O,.N, y-Resorcylaldehyde 2:4-dinitrophenylhydrazone, 1831. 
C,H, N 6(or 7)-Bromo-3-2’:4’-diaminophenyl-1:2:4-benatriazine, 1843. 
C,;H,,0N, 1:7-Diaminoacridone, 25. ~ 
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Formula Index. 


C,,H,,0OF Tomei 1 benzyl ethers, 1416. 
C,3H,,0,N, 5-(3’-Indolal)-1-methylhydantoin, 1911. 

PP : OF 2- ee ee ether, 33. 
1-Ketotetrahydrocarboxylic acid, 9. 
6-Methoxy-3:4-dihydronaphthalene-1:2-dicarboxylimide, 2004. 

C,;H,,0;N, 5-(6’-Methoxyindolal)hydantoin, 100. 

C,;H,,0ON, Harmine, synthesis of, 97. 

C,;H,,0,8 2-Hydroxy-5-methyldiphenylsulphone, 902. 
Methoxydiphenylsulphones, 901. 

C,sH,,0ON 1-Ketomethyltetrahydrocarbazoles, 9. 

C,;3H,,0N, 1-Hydroxy-3-p-tolyl-l-phenyltriazen, 1350. 

13H,;0,N, 2’:4’-Diaminodiphenylamine-2-carboxylic acid, 24. 

§-(3’-Indolylmethy])-1-methylhydantoin, 1911. 

C,:;H,,0,N, 5-(6’-Methoxyindolylmethyl)hydantoin, 100. 
C,;H,,0,N, 3:5-Dinitrobenzoyldiglycylglycine, 1400. 
C,;H,,N,I 3-Carboline ethiodide, 2015. 
C,;3H,,0,N, 3-Methyl-3:4:5:6-tetrahydro-4-carboline-5-carboxylic acid, 101. 
C,,H,,0,N, cycloHexane-1:2-dione l-o-carboxyphenylhydrazone, 8. 
C,;3H,,0,N, 41-Methylcyclohexen-3-one 2:4-dinitrophenylhydrazone, 1779. 

a : OF 1-Keto-5:6-benzo-1:2:3:4:7:8-hexahydropyridocoline, 1319. 
C,;H,,0,N Ethyl a-cyano-y-phenylbutyrate, 2010. 
C,;H,,0,N Nitro-y-(3:4-dimethoxybenzyl)butyrolactone, 806. 
C,;H,,0,N, ‘«-3:5-Dinitrobenzamidohexoic acid, 1400. 
C,,;H,,ON, cycloHexane-1:2-dione ris drazone, 8. 

4-Methylcyclohexane-1:2-dione 2-pheny — meery 8. 
C,;H,,ON 1-Dimethylamino-5-phenyl-4‘-penten-3-one, hydrochloride of, 1238. 
C,:H,,OBr £-(7-Methoxy-1:2:3:4-tetrahydro-1-naphthyl)ethyl bromide, 697. 
C,;H,,ON aa-Dimethylvaleranilide, 468. 

a-Methyl-a-ethylbutyranilide, 468. 

C,;H,,ON; p-tert.-Butylacetophenone semicarbazone, 447. 

13—H,;,0,N,; 2-Hydroxy-5-methoxyisovalerophenone semicarbazone, 2069. 
C,;sH,,0,C1 Triacetyl a-methylhexoside chlorohydrin, 475. 
C,;H,,ON 1-Ketododecahydro-5:6-benzpyridocoline, 1318. 
C,;H.,0,N 2-Furyl £-di-n-propylaminoethyl ketone, hydrochloride of, 1055. 

y-2-Car Mee Pyne By weyers eewiners 1185. 
6-Aldehydo-1:2:4-trimethyl-1:4-endoethylenecyclohexane, 290. 


O.N dl-a-Methylbutyryltropéine, and its salts, 1689. 
C,:H,;0,N 4-Acetyl 2:6-dimethyl 3-acetamido-8-methylglucoside, 1814. 
C,,H,,0,N, Methyl a-acetonyl-y-acetyl-a-methylpropionate disemicarbazone, 18. 


C,;H,,.NI Thujyltrimethylammonium iodides, 2020 
C,:H.,CIS Methyl 12-chlorododecyl sulphide, 1894. 

C,;H,,0S Methyl 12-hydroxydodecyl we may 1894. 
C,;H,,0.8 Methyl 10-(8-hydroxyethoxy)decyl sulphide, 1895. 


13 IV 


C,,H,0,C1,8e 6:8-Dichlorophenoxselenine-2-carboxylic acid, 35. 
C,;H,O,N,Cl 5-Chloro-2:7-dinitroacridine, 25. 
C,;H,0,NCl, 2’:4’-Dichloro-2-nitro-4-carboxydipheny] ether, 34. 
Cush ase 2-Carboxyphenoxtellurine 10:10-dichloride, 40. 
C,;H,O;,NCl 4-Chloro-4’-nitro-2-carboxydiphenyl ether, 1899. 

4-Nitrophenyl 5-chloro-2-hydroxy benzoate, 1898. 
C,,;H,0,C1,Se 2’:4’-Dichloro-4-carboxydipheny] ether 2-seleninic acid, 35. 
C.;H,OCITe 2-Chloro-8-methylphenoxtellurine, 39. 
C, 8:10-Dichloro-2-methylphenoxarsine, 1002. 
C,,H,O,.NCu Cupric salicylidene-o-aminophenol, 302. 
C,,H,O,NCl, 2’:4’-Dichloro-2-amino-4-carboxydipheny] ether, 34. 
C,,H,O,CIHg 2-Chloromercuri-4’-carboxydipheny] ether, 40. 
C,,;H,0,Cl,Te 4’-Carboxydipheny] ether 2-telluritrichloride, 40. 
C,;H,O,NS, 2-Keto-1-benzenesulphonyl-1:2-dihydrobenzisothiazole S-oxide, 2116. 
C,;H,O,NS, eg ee oneal nzoicsulphinides, 2117. 
C,,H,O,N3S 3:5-Dinitrobenzoylsulphanilic acid, sodium salt, 1401. 
C,;H,,OCIF -Fluorophenyl p-chlorobenzyl ether, 1416. 
C,;H,,OCI,Te 2-Methylphenoxtellurine 10:10-dichloride, 40. 
C,,H,.OBrF Fluorophenyl p-bromobenzyl ethers, 1416. 
C,;H,.0;NF Fluoropheny] nitrobenzyl ethers, 1416. 
C,;H,,0,ClAs 8-Chloro-2-methylphenoxarsonic acid, 1002. 
C,,H,,0CIHg 2-Chloromercuri-4’-methyldipheny] ether, 29. 

3H,,0C1,Te 4’-Methyldipheny] ether 2-telluritrichloride, 39. 
C,,H,,0,.N.Br o-Nitrophenacylpyridinium bromide, 447. 
C,;H,,0,CIS 5-Chloro-2-metho ae a 902. 
C,;H,,0,8Na Sodium phenyl 4- oxytoluene-3-sulphonate, 1899 
C,;H,,0,NS 2-Nitrophenyl aoe oxytoluene-3-sulphonate, 1899. 
C,H,,0,N.8 2-Hydroxy-5-methylazobenzenesulphonic acids, cupric salts, 303. 
C,,H,,0,C1As 5-Chloro-2-p-tolyloxyphenylarsonic . co Mebeaste ts 
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13 IV—14 I Formula Index. 


C,,H,,0,¥,8 4-Hydroxytoluene-3-sulphon-o-nitroanilide, 2055. 
4-o-Nitrophenoxy-m-toluenesulphonamide, 2055. 

C,,;H,,0,N.8 3-Carboline methosulphate, 2014. 

C,,H,,0,N,As Oxanilopiperidide-p-arsonic acid, and its sodium salt, 443. 

C,;H,,0,NAs Phenylacetopiperidide-p-arsonic acid, and its sodium salt, 472. 

C,,H,,0,NS, N-2’:4’-Bismethylsulphonylphenylpiperidine, 905. 


13 V 


C,;H,O,NCIS 4-Chloro-2-nitrophenyl thiolbenzoate, 1621. 
C,;H,,O,NCIS 4-o-Nitrophenoxytoluene-3-sulphonyl chloride, 1899. 
C,,;H,,0,NCIS, 2-Chlorosulphonyl-4-methylsulphonylanilide, 904. 


C,, Group. 

C,,.H,, Anthracene, configuration of, 404. 
Tolane, magnetic anisotropy of, 365. 

C,H: $0. Iitiedneontinnstaa, configuration of, 404; crystal structure of, 1074. 
Stilbene, isomerism of, 2078; magnetic anisotropy of, 365. 

C,,H,, 3’-Methyl-4:5-benzhydrindene, 1099. 

C,,H,, 2-Methyl-8-phenylethylcyclopentenes, 675. 
$’-Methyl-6:7,8:9-tetrahydro-4-6-benzhydrindene, 1099. 

C,,H.. af-Di-4!-cyclohexenylethylene, 989. 


140 

C,,H,O, 4-Phenylphthalic anhydride, 1388. 

C,,H,N, 4:4’-Dicyanodiphenyl, dipole moment of, 1878. 

C,,H,.N, Diphenyl-4:4’-bisdiazocyanides, dipole moments of, 1878. 

C,,H,,.O Diphenylketen, additive compounds of, 1925. 

14H,,0, Diphenyl-2:6-dicarboxylic acid, 1567. 
3-Phenylphthalic acid, 1389. 

C,,H,,Cl, Dichlorostilbene, isomerism of, 2083. 

C,,H,,0, Substance, from cyclohexylideneacetaldehyde and 4-acetoxycyclohexanone, 545. 

C,,H,,Cl Chlorostilbene, isomerism of, 2082. 

C,,H,,0 Deoxybenzoin, condensation of, with salicylaldehyde, 1582. 
1-Methyldihydrophenalene-7-one, 1993. 

C,.H,,0, §-(6-Hydroxy-2-naphthoyl)propionic acid, 2012. 

14H,,0, 5-Acetoxy-6-acetyl-4-methylcoumarin, 232. 
C,,H,,0, Methyl 5-acetoxy-4-methylcoumarin-6-carboxylate, 231. 
C,,H,,0, Bthyl 5Anydeony.6-corbeunathenyesumesin-3-sarbenyiete, 1830. 
14H, .N, pie ee hydrochloride of, 393. 
9-Methylaminophenanthri ine, and its salts, 396. 
C,,H,,.Cl, 4:4’-Dichloro-2:2’-dimethyldiphenyl, 970. 
C,,H,,N 2-Styryl-4-methylpyridine, and its picrate, 478. 
14H,,0 7-Hydroxy-1-methyldihydrophenalene, 1993. 
C,,H,,0, §-2-Methyl-l1-naphthylpropionic acid, 1993. 
14H,,0, 5-Acetoxy-4-methyl-8-ethylcoumarin, 1068. 

CHO, lia tiie har ate saan ee atten as 

acid, , 

Methyl 5-hydroxy-4-methyl-8-ethylcoumarin-6-carboxylate, 1067. 

C,.H..N, Azotoluenes, 879. 

C,,H,,0, 1:4-Diketodecahydrophenanthrene, 62. 
6:7-Dimethoxy-1:3-dimethylnaphthalene, 808. 

C,,H,,0, Eth I G-snctheny-tet- ihydro-8-naphthoate, 2003. 

14H,,0, 4:6-Benzylidene 2:3-anhydro-f-methylalloside, 1092. 
O-Dimethylpyrousnic acid, 309. 
C,,H,,0, 3:4:6-Triacetoxy-2-methoxytoluene, 440. 
C,,H,,0 Ft ae be erg 675. 
C,,H,,0, (—)-n-Propylallylearbinyl benzoate, 2106. 
14H,,0, 6:7-Dimethoxy-3:1-endomethyleneoxy-1-methyl-1:2:3:4-tetrahydronaphthalene, 807. 
14H,,0, 2:6-Dimethoxy-8-methyl-3-ethylcinnamic acid, 1068. 

C,,H,,0, Ethyl a-veratroylpropionate, 1684. 
14H,,0, Ethyl 4-carbethoxy-5-methylfuran-2-acetoacetate, 2011. 

C,,H,,0 Ae ae OR mmm 675. 
1-B-o-Tolylethylcyclopentan-1l-ol, 1099. 

C,,H,,0; ab we pice hee pmo. 2071. 

C,,H»O, Methyl y-hydroxy-d-veratrylbutyl ketone, 807. 

C,,H,.0, 5-Carboxy-4-carboxymethyl-7-phenylheptoic acid, 2010. 

C,,H,,0 Aromadendrene, 1200. 
af Dicyclohex lethylene 1:1’-oxide, 990. 

C,,H,.0, 2:3:6-Triacetyl 4-methyl 8-methylglucoside, 838. 

C,,H,,0 Aromadendrol, 1202. 
trans-2-47-n-Butenyl-2-decalol, 672. 
trans-cis-2-Perhydroanthrol, 672 

C,,H,,Cl, _1:4-Dichlorotetradecane, 1680. 

C,,H,,8 Tetradecamethylene sulphide, 1895. P 
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14 I 


Om Pm 4-salicylidene-1-methylcyclohexan-3-one, 2027. 
~~ -Nitrophenyl)phthalic anhydride, 1389. 
0.0", 5-Nitrocoumarono(2’:3’:3:2)indole, 1217. 
Coe Selenoxanthone-1l-carboxylic acid, and its strychnine salt, 34. 
C.,H,0 5-Nitro-N-benzoylanthranil, 1404 
.«H,O * Coumarono(2’: 3’:3:2)indole, 1216. 
C,.H,ON, 2’:4-Anhydro-1:4-diketo-3-(2’-aminophenyl)tetrahydrophthalazine, 1082. 
C,,H,O.N 4-Phenylphthalimide, 1388. 
C,,H,O.N 4- (p-Nitrophenyl)phthalic acid, 1389. 
C,,H,,.0,N, Azobenzene-2:2’ -dicarboxylic acid, cupric salt, 300. 
C,,.H,,.0,N, 5-Nitro-N-benzoylanthranilic acid, 1404. 
C,,H,,0,N, Methyl 2-op-dinitrophenoxy benzoate, 2054. 
C,H, O,N, 1:4-Diketo-3-(aminophenyl)tetrahydrophthalazines, 1081. 
C,,H,,0,N, Coumarone p-nitrophenylhydrazone, 1217. 
8-p-Nitrobenzoylphenylurea, 425. 
ou 3e B-(5-Chloro-6-methoxy-2- Aer artes cn ig imo acid, 2012. 
10,N, Nitro-4’-nitrosoacetamidodiphenyls, 1372. 
1H,,0,N 4-Nitropheny] 3-carboxytoly. aim, 1899. 
a henyl hydroxy-m-toluates, 1898. 
1-Acetimido-2-methyl-1:2-dihydro-a-naphthoxazole, 325. 
ss HO, T's methyl-1:2- dihydro- E -naphthoxazole, 326. 
1-Methylacetamido-a-naphthoxazole, 325. 
2-Methylacetamido-f- -naphthoxazole, 326. 
4-Nitrosoacetamidodiphenyl, 1370. 
C,.H,,0,N, 2-Nitro-4’-acetamidodi rg 1372. 
C,,H,,0,N, 4-Nitrophenoxyacetanilide, 2054. 
C,,H,,0,8 2-Acetoxydiphenylsulphone, 902. 
Cn Cla Di-(4-chloro-o-tolyl)stibnous chloride, 847. 
eae Di-(4-chloro-o-tolyl)stibnic chloride, 847. 
2’-Aminodeoxybenzoin, 1405. 
1- ton Idihydrophenalene-7-one oxime, 1993. 
Cc H,,0cl. o-Chlorophenyl m-methylbenzy] ether, 1417. 
C,,H,,0F ye p-methylbenzyl ethers, 1416. 
C,,H,,ON, oe mee ee sane 880. 
10,8; 5. 4-Bismethylsulphonyldipheny] sulphide, 905. 
C,,H.,0 3 2:4-Bismethylsulphonyldiphenylsulphone, 905. 
C,,H,,ON 4-Ethylaceto- toe eg 403. 
C,,.H,,ON, cycloHexane-1:2-dione 1-(6’-cyano-m-tolylhydrazone), 8. 
C,,H,,0.N, 3:4-Diacetamidoquinaldine, 974. 
C,,H,,0,.K Potassium 4-salicylidene-1- methylcyclohexan- 3-one, 2028. 
C,,H,,0,Li Lithium 4-salic chao. 1-methylcyclohexan-3-one, 2028. 
C,,H,,0,N 6-Methoxytetrahydronaphthalene-1:2-dicarboxylmethylimide, 2005. 
Ciel O eK 1- oe amy ot -l-ol 3:4-oxide p-nitrobenzoate, 832. 
C,,H,,0,N 4:6-Dimethoxy-3-methylcoumarone-2-pyruvic acid oxime, 308. 
C..H,.N.I Methylethylcarbolinium iodides, 2014. 
Cael 11-Methoxy-3-methy]-3:4:5:6-tetrahydro-4-carboline-5-carboxylic acid, 101. 
OHO 7-Amino-1-methyldihydrophenalene, 1994. 
a 1-Dimethylamino-5-(3’:4’-methylenedioxypheny]l)-4‘-penten-3-one, hydrochloride of, 1570. 
Cues ethoxy-3:4-dihydro-8-naphthylurethane, 2003. 
C,,H,,0,N dl-a-Methyl-y-n-propylallyl p-nitrobenzoate, 699. 
way ropenylcarbinyl p-nitrobenzoate, 1918. 
C,,H,,ON cetamido-1:2:3:4-tetrahydro-6:7-dimethylnaphthalene, 1308. 
190.N * Dimethylamino-5-p-anisyl-4‘-penten-3-one, hydrochloride of, 1239. 
CHO Ethyl 2-methylcyclopentylidene-1-cyanoacetate-2-carboxylate, 670. 
dl-n-Propylpropenylcarbiny! p-toluenesulphinate, 1918. 
Ci OM Methyl es B-hydroxy-f-phenylpropionate, hydrochloride of, 659. 
Gi Tp Dikcome- of dle LIN em or come ge my -carboxylate, 60. 
ibromo-af-dicyclohexylethane 1:1’-oxide, 990. 
oe 6-Dimethyl gluconophenylhydrazide, 836. 
oe Ethyl B-o-carbethoxyhexahydroanilinopropionate, 1184. 
14-C icteteedeagl sisshel, 1680. ul 


C,,H,0, 5:5’:3:3’-Tetrachloro-2:2’-dithiobenzoic acid, 2117. 

C.,H.ON 2’:4-Anhydro-1:4-diketo- 3-(4’-chloro-2’-aminophenyl)tetrahydrophthalazine, 1083. 
CHOI 1:4-Diketo-3-(4’ Pog elk eh go lt cama 1082. 
C,,H,0, §:5’-Dichloro-2:2’-dithiobenzoic acid, 2116. 

analog -2- -thienylacrylic azlactone, 2102. 
Ons 2-Selenocyano-4’-carboxydipheny] ether, 33. 
RACK oy 6-Nitro-3-p-bromobenzeneazo-oxindole, 1845. 
A: 6-Chloropiperonylideneaniline, 1781. 
«H,,0,NBr 6- Seseniglacsensidemeenlilien: 1781. 
C,,H,,0,N,Cl 1:4-Diketo-3- ema iaks a 1083. 
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C,,H,,0,N,Cu Cupric o-carboxybenzeneazo-p-cresol, 300. 
C,,H,,0,N.Cl #-Benzoyl-o-chlorophenylurea, 425. 
C,,H,,0,N,I 4-Iodo-4’-nitrosoacetamidodiphenyl, 1374. 
mh : a-Benzamido-f-2-thienylacrylic acid, 2102. 
C,,.H,,0 2-Keto-1-p-toluenesul men. ach maw g~*" aetna S-oxide, 2116. 
C,,H,,0, 5-Chloro-2-acetoxydiphenylsulphone, 902. ‘ 
14H, ,0 ee eee 2117. 
C,,H,,ONC] 3-Chloro-4-methoxybenzylideneaniline, 1781. 
C,,H,,ONBr 3-Brorio-4-methoxybenzylideneaniline, 1781. 
C,,H,,ONI 4-Iodo 4’-acetamidodiphenyl, 1374. 
C,.H,,0,C1,8b Di-(5-chloro-2-methoxyphenyl)stibnous chloride, 847. 
C,,H,,0,C1,8, i-2-chioro-5-methylsulphonylpheny] disulphide, 904. 
His a-Benzamido-f-2-thienylpropionic acid, 2102. 
C,,H,,0,N,As Oxanilide-p-arsonic acid, and its sodium salt, 443. 
14H,,ONBr o-Methylphenacylpyridinium bromide, 447. 
C,,H,,0,N,8 O-p-Toluenesulphonylacetylpyridineoximes, 754. 
C,,H,,0,NAs Phenylacetanilide-p-arsonic acid, and its disodium salt, 472. 
C,,H,,0,N.S 4-Hydroxytoluene-3-sulphon-o-nitromethylanilide, 2055. 
4-o-Nitrophenoxy-m-toluenesulphonmethylamide, 2055. 
C,,H,,0,NS8, 2:4-Bismethylsulphonyldiphenylamine, 905. 
C,,H,,0,N8, 2:4-Bismethylsulphonylphenyl o-aminobenzenesulphonate, 2056. 
C,,H,,ON,S Yen ne tee ae B-dimethylaminoethyl ketone, hydrochloride of, 1055. 
C,,H,,ON,I 6-Acetamidoquinaldine ethiodide, 656. ‘ 
C,H, N. d Dichlorobis-p-toluidinepalladium, 2093. 
C,,H»O, Tetra-acetobromoglucosamine, 748. 
C,,H,,0,N,8 p-Tolyl-8-(8-methylpentan-3-onyl)sulphone semicarbazone, 685. 
C,,H.,0,NCl 1:3:4:6-Tetra-O-acetyl glucosamine hydrochloride, 1499. 
C,,H,,C1,8,Pt Ethylpentamethylenesulphonium chloroplatinate, 815. 


14V 


C,,H,0,NCl 2’:4’-Dichloro-2-selenocyano-4-carboxydipheny] ether, 35. 
C,,H,,0.N, O-Acetylaneurin chloride hydrochloride, 28. 


C,, Group. 


C,;H.. 2-Methyl-8-phenylethylcyclohexenes, 676. 
1:2:7-Trimethyl-4-isopropylindene, 546. 
C,;H,, 1:2:7-Trimethy a 546. 
C,,H., Dihydro-y-caryophyllene, 1210. 
15 I 


C,;H,,.0, 1-Methyl-5:6-phenanthraquinone, 1013. 

C,;H,,0, Trihydroxyflavones, 1558. 
3:5:8-Trihydroxy-2-methylanthraquinone, 2064. 

erbacetin, 57. 

C,;H,,0, 5:6:7:8:3’:4’-Hexahydroxyflavone, 1005. 

C,,;H,.N, 9:10-Benzo-3-carboline, and its picrate, 2015. 
Quinolo(1’:2’:1:2)benziminazole, 1303. 
isoQuinolo(2’:1’:1:2)benziminazole, 1303. 

C, sHioN, yt ee a ne 2015. 

C,;H,,N, Aminoquinolo(1’:2’:1:2)benziminazole, 1303. 
4-Benzeneazoquinoline, 1087. 

C,;H,,I Iodomethylphenanthrene, 1012. 

C,,H,,0 6-Hydroxy-1-methylphenanthrene, 697. 

Methylphenanthrol, from ocarpic acid, 1011. 

C,;H,,0, 3:4-Dihydrophenanthrene-2-carboxyiic acid, 2004. 

C,;H,,0, 2:4-Dihydroxyphenyl 4’-hydroxystyryl ketone, 1321. 

C,;H,.N, 4:6-Diaminoquinolo(1’:2’:1:2)benziminazole, 1302. 
4:6-Diaminoisoquinolo(2’:1’:1:2)benziminazole, 1303. 

3-Anilino-4-aminoquinoline, 1087. 
Op ar eee ter ane 1392. 
2-Methyl-1-naphthylmethylmalonic acid, 1993. 
C,;H,,0; 5-Acetoxy-6-acetyl-4:7-dimethylcoumarin, 1427. 
Ethyl 5-methoxy-8-carbomethoxycoumarin-3-carboxylate, 1833. 
9-Dimethylaminophenanthridine, and its hydrochloride, 396. 
Ye, pcan ng aaa ae 808. 
ay-Diphen leiycerols, 1581. 
y-7-Methoxy-1-naphthylbutyric acid, 697. 
C,,H,,0, Methyl 6:7-methylenedioxy-3:1-endomethyleneoxy-1-methyl]-1:2:3:4-tetrahydronaphthalene-2- 
carboxylate, 807. 


C,,H,,0, 4:6-Dimethoxy-3:5-dimethylcoumarone-2-pyruvic acid, 309. 

C, ;H,,0;' Leucodrin, 284. 

isoPropylidenetetrahydroacenaphthylene glycol, 192. 

C,;H,,0, £-p-Anisylethylcyclohexane-2:6-dionc, 696. 3 
2i7 
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C,;H,,0, dl-a-Methyl-y-n-propylallyl hydrogen phthalate, 698. 
Sv ig on ee binyl A hy ydroge mn phthalate, 2105. 
6:7-Dimethoxy-3:1-e 
nt, 807. 
Ethyl 4:6-dimethoxy-3:5-dimethylcoumarone-2-carboxylate, 308. 
C,;H,.0, 7-Veratryl-4:7-diketoheptoic acid, 1392. 
15He90, 4-Hydroxy-7-3’: 4’-dimethoxyphenylheptolactone, 2008. 
5-Keto-8-p-anisyloctoic acid, 696. 
C,;H»O, 4-Keto-7-3’:4’- dimethoxyphenylhe toic acid, 2007. 
C,;H..O, 4:6-Benzylidene 2-methyl a-methy alactoside, 1200. 
4:6-Benzylidene 3-methyl B-methylglucoside, 1815. 
C,,HaoN, ce-Bis-2-pyridoamino-n-pentane, and its dihydrochloride, 1192. 
C,;H,,0 Eremophilone, constitution of, 767. 
Methyl-2-keto-4*1*-dodecahydroanthracene, 1098. 
2- Methyl. B- p-phenylethyleyelohexanol, 676. 
A 2 rh droxyeremophilone, constitution of, 767. 
C,;H.,0; 2-Hydroxy-5-methoxyoctophenone, 2070. 
C,;H..0, yw meee 1193. 
ydroxydihydroeremophilone, 772. 
oO, y te a glycol, 1202. 
C,;H,.0, Ethyl 2-methy hexane-1:1-diacetate, 1337. 
C,,H,.0, Ethyl a-carbethoxy-p- -methyl-y-ethylglutarate, 54. 
C,,H.,N Aminodihydro- rane oe 
C,;H,,0, Ethyl oath TS icrrnyipimelate, 513. 
C, Ha »N Aminotetrahy o-8-caryophyllene, 1210. 


15 


CHO 3 4-Keto-l p.cncthoney-D teste: -3:4-dihydrophthalazines, 1080. 
CHO la 6:7-Dichloroanthraquinone-1-carboxylie acid, 2051. 
WN, 4:6-Dinitroquinolo(1’:2’:1:2)benziminazole, 1302. 

Cus 6- Dinitroisoquinol 2’:1’:1:2)benziminazole, 1303. 
C,;H,O,8 6-Sulphoanthraquinone-1-carboxylic acid, and its salts, 2049. 
C,,H,O,N, Nitroquinolo(1’:2’:1:2)benziminazole, 1302. 
C,;H,O.N 6-Aminoanthraquinone-l-carboxylic acid, 2049. 
C,,H,O.N, Picryl- Seameenan 1302. 
1-1-aminotsoquinoline, 1303. 
c,,HLNBr, 6’:6’’- Dibromo-2:6-di- mh 2 hia ylpyridine, 1670. 
C.,H,N.Br 6’-Bromo-2:6-di-2’-p yridine, 1670. 
a 5-Bromo-6-hydro Py Conti Renetdlivent 1013. 
C,,H,,0,K Potassium salicylideneacetophenone, 2027. 
C1 Ooki Lithium culhegl iunertesianame, 2027. 
C, 5H Sodium salicylideneacetophenone, 2027. 
CioH.OM Substance from sarsaparilla root, 2042. 
6-Benzamido-oxindole, 1844. 
CE ON, 2-Nitro-4-benzamidophenylacetic acid, 1844. 
4 2-Methoxy-3: were, me ioxy benzaldehyde 2:4-dinitrophenylhydrazone, 758. 
CisH.O8 5-Amino-6-hydroxy-1-methylphenanthrene, hydrochloride of, 1013. 
C,;H,;,0,C1 8- Chloroketo-7- methoxy-1:2:3:4-tetrahydrophenanthrenes, 2011. 
CH 008 2-Acetamido-4’-carboxydipheny] ether, 33. 
CiHhasORs 8-Nitrobenzoyltolylureas, 425. 
C,;H,;0,C1 8-(5-Chloro-6-methoxy-2-naphthoyl)propionic acid, 2012. 
C,,H,,0,N 2-Nitro-4-carboxy-3’:5’-dimethyldiphenyl ether, 35. 
C,;H,,0,N, 1- Ethinyloyclohoxanol 3:5-dinitrobenzoate, 61. 
1cH,40,Cl, Dichloroleucodrin, 286. 
C,.H,,0,Br, Dibromoleucodrin, 286. 
c sm 08 Dinitroleucodrin, 286. 
p-Chlorophenyl dimethylbenzyl ethers, 1417. 
henyl p-ethylbenzyl ethers, 1417. 
oe. ‘OF pasene enyl p- ee ether, 1416. 
C,,H,.0,N *. Acetamido-4’ ~methyi erg ome ether, 32. 
C,;H,,0,N 2-Amino-4-carbo ethyldipheny] ether, 35. 
1-p-ar nisylcarbinol oxime, 785. 
CuO. 2 7:4” Bisacotamidodip henylamine-2-carboxylic acid 1:2-lactam, 24. 
C,H, ,0,Cl ae Chloro- 4-methorrnaphthy)butyrc acids, 2011. 
CH OR Fé ar a yr a nzoate, 61. 
C, .H;,0. x ~ xy 8 -anothony- ts 5’-dimethyldiphenylsulphone, 903. 
CH OR, - otihenenel 3:5-dinitrobenzoate, 61. 
C,;H,,O,.N 1-Vinylcyclohexanol p-nitrobenzoate, 61. 
C,.H,.0.N, Methyl 1-(y-cyanopropyl)tetrahydroquinoline-2-carboxylate, 1319 
C,,H,,0,N, 1-Ethy. hexanol 3:5-dinitrobenzoate, 61. 
C,,;H,,0.N Ethyl 2-anilinomethylcyclopentan-1-one-2-carboxylate, 339. 
C.,H,,0. 1- Eth “te goheny] p-nitrobenzoate, 61. 
Cin 2-Methyl-2-8-phenylethylcyclopentanone semicarbazone, 675. 
C,,H,.0,N Methyl a-piperidino-8-hydroxy-B- SS and its hydrochloride, 658. 





methyleneoxy-1-methyl-1:2:3:4- tetrahydronaphthalene-2- carboxylio’ 
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C,;H,,0,N, Leucodrin dihydroxydiamide, 285. 

C,;H,,ON Oximino-y-caryophyllene, 1210. 

C, ,H,,0,N Triacety! 7 ynaaemremeter SY pwr oe 1813. 

C,;H,,0,,N 2:6-Diacetyl 4-a-acetoxyethyl tee ore 3-nitrate, 835. 

C,,H,,0,N, Ethyl a8-bis(dimethylamino)-8-phenylpropionate, and its salts, 964. 
Methyl 1-(y-cyanopropyl)decahydroquinoline-2-carboxylate, 1218. 

C,,H,,ON, Aromaderidrone a- and £-semicarbazones, 1202. 

C,;H,,0,N 2-Furyl 8-di-n-butylaminoethyl ketone, hydrochloride of, 1055. 

C,;H,,0,N Ethyl y-2-carbethoxy-4-meth pegensnaipeate, 1186. 

C,;H;,CIS Methyl 14-chlorotetradecyl oak ide, 1894. 

C,,H,,Br8 Methyl 14-bromotetradecy] s aren 1894. 

C,;H;,08 Methyl 14-hydroxytetradecyl sulphide, 1894. 


15 IV 
C,;H,,0,N,Cl 4-Keto-1-methoxy-3-(4’-chloro-2’-nitropheny])-3:4-dihydrophthalazine, 1083. 
C,,H,,0,N,Cl, Methyl 2’:4’-dichlorobenzeneazo-2:4-dinitrophenylacetate, 1843. 
1 5Hio girs Methyl] 2’:4’-dibromobenzeneazo-2:4-dinitrophenylacetate, 1843. 
C, H,,0,N ’:4’-Dichloro-2-acetamido-4-carboxydipheny] ether, 34. 
C,,H,,0,N,Cl Methyl p-chlorobenzeneazo-2:4-dinitrophenylacetate, 1843. 
C, ;H,,0, Methyl p-bromobenzeneazo-2:4-dinitrophenylacetate, 1843. 
C,,H,,0,N,Cl 4-Keto-1-methoxy-3-(4’-chloro-2’-aminopheny])-3:4-dihydrophthalazine, 1083. 
C,;H,,0,N,Re 2:2’:2’-Tripyridyl per-rhenate, 1861. 
C,H, ,0, 2:4-Bismethylsulphonylpheny] o-nitrobenzoate, 2055. 
4-Chloro-2-ethoxypheny]-p-tolylsulphone, 1621. 
2:4-Bismeth werd onylpheny enthsenlinta, 2055. ‘ 
m-Dimethylaminobenzaldehyde 2:4-dinitrophenylhydrazone hydrochloride, 752. 
sN.S 4-Methoxytoluene-3-sulphon-o-nitromethylamide, 2055. 
C,,H,,0,N,8 3-Carboline ethosulphate, 2014. 
C,;H,,;0,NTe /-Menthyl n-butyltelluroacetate hydroxy-nitrate, 346. 


15 V 


C,,H,,0N,Cl,Ru Dichloronitroso-2:2’:2”-tripyridylruthenium chloride, 1678. 
C,,H,,0N,Cl,Ru 2:2’:2’-Tripyridylnitrosoruthenium pentachloride, 1678. 
C,,H,,ON,Cl,.Re 2:2’:2’-Tripyridyl rhenichloride, 1860. 


C,, Group. 


C,.H,,0, 3’-Acetyl-4:2’-dimethylchromono-7’:8’:6:5-a-pyrone, 232. 
5:8-Dihydroxy-3-methoxy-2-methylanthraquinone, 2063. 
7-Hydroxy-4’-methoxyflavonol, 1321. 

C,,H,,N,; 4-Benzeneazoquinaldine, 1086. 

C,,.H,,Br §-9-Phenanthrylethyl bromide, 195. 

C,.H,,O 6-Methoxy-1-methylphenanthrene, 697. 

C,.H,,0, 7-Methoxy-3:4-dihydrophenanthrene-2-carboxylic acid, 2004. 

C,.H,,0, 2:4-Dihydroxyphenyl 4-methoxystyryl ketone, 1321. 
Methyl phenylphthalates, 1388. 

C,.H,,N, Aminoanilinoquinaldines, 1086. 

4-P enylhydrazinoquinaldine, and its hydrochloride, 1086. 


C,.H,,0, p-Tolyl p-methoxybenzyl ketone, 1884. 

1eH,,0, 1-Keto-7-methoxy-2-hydroxymethylenehexahydrophenanthrene, 187. 
C,.H,,0, 2-Hydroxy-3-benzyloxy-4-methoxyacetophenone, 374. 
C,,.H,,0, Methyl 5-acetoxy-4-methyl-8-ethylcoumarin-6-carboxylate, 1067. 
C,,H,,N; ee and its hydrochloride, 393. 


C,,.H,,.N, N-2”:4’-Diaminophenyl-5-amino-2:2’-dipyridylamine, 1298. 
C,.H,,0, 3:3’-Dimethoxydibenzyl, 174. _— 

16H,,0, 1-Keto-7-methoxy-2-hydroxymethyleneoctahydrophenanthrene, 187. 
C,.H,,0, Tetrahydroacenaphthylene glycol diacetates, 192. 
C,.H,,0, eee -naphthyl)adipic acid, 2010. 

16H,,0, ucodrin methyl ether, 285. 

h 2 1-Keto-7-methoxy-2-methyloctahydrophenanthrene, 186. 
Crt, “7 6:7-dimethoxy-3:1-endomethyleneoxy-1-methy]-1:2:3:4-tetrahydronaphthalene-2-carb- 

oxylate, 807. 
C,.H,,0 1-8-p-Anisylethyl-2-methylcyclohexene, 696. 
C,,.H,,0, ethyl 5-keto-8-p-anisyloctoate, 696. 
Quinol ditsovalerate, 2068. 
C,.H..N, of Rie Syne oheee, and its dihydrochloride, 1192. 
C,.H,,0, 1-8-p-Anisylethyl-2-methylcyclohexan-1-ol, 696. 
Hydroxyeremophilone methyl ether, 771. 

C,.H.,.0, er hae deg Ayres oon om lacetylene, 990. 
C,.H,,0, Ethyl butane-1:1:2:4-tetracarboxylate, 1929. 
C,,H,,0, Ethyl a-carbethoxy-af-dimethyl-y-ethylglutarate, 54. 

Eth 1 y-carbethox -ap-dimethyl-y-ethylglutarate, 53. 
,,H,,.tl, 1:16-Dichlorohexadecane, 1681 
C,.H;,8 Hexadecamethylene sulphide, 1896. 
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C,.H,0,Cl, Methy] 6:7-dichloroanthraquinone-1-carboxylate, 2051. 
C,.H,O,Br Methyl 6-bromoanthraquinone-1-carboxylate, 2052. 
C,.H,.0,.N, Indigo, mol. wt. and vapour density of, 716. 
C,.H.0,Br, 6:8-Dibromo-7-hydroxy-4’-methoxyflavone, 1321. 
C,.H,,ON 3-Methyl-2:3-0-benzoyleneindolenine, 341. 
C,.H,,OBr 2-Bromoacetylanthracene, 1243. 
1eH),0Br, 2:9:10-Tribromo-2-acetyl-9:10-dihydroanthracene, 1244. 
C,.H,,0,N 1-Acetylcoumarono(2’:3’:3:2)indole, 1216. 
C,.H,,0.N, O-Acetyl-2’:4-anhydro-!:4-diketo-3-(2’-aminopheny])tetrahydrophthalazine, 1082. 
N-2”:4”:6”-Trinitrophenyl-5-amino-2:2’-dipyridylamine, 1298. 
C,.H,,0.N, m-Hydroxybenzeneazo-f-naphthol, 302. 
C,.H,,0,N, N-2”:4”-Dinitrophenyl-5-amino-2:2’-dipyridylamine, 1297. 
C,.H,,0,Br, Methyl 4:4’-dibromo-2:2’-diphenate, 970. 
C,.H,,0,Br, 3:5-Dibromo-2:4-dihydroxypheny] af-dibromo-f-p-anisylethyl ketone, 1321. 
C,.H,OBr 5-Bromo-6-methoxy-1-methylphenanthrene, 1013. 
1¢H;30;N, N-Acetyl-1:4-diketo-3-(aminophenyl)tetrahydrophthalazines, 1081. 
ON, 9-Methylacetamidophenanthridine, 396. 
«H,,0. N, 2-Nitro-4-2’-nitro-4’-aminophenylacetamidophenylacetic acid, 1844. 
«H,;0,C1 Methyl 8-(5-chloro-6-methoxy-2-naphthoyl)propionate, 2012. 
1¢H160,N, 2-Methyl-l-ethinylcyclohexanol 3:5-dinitrobenzoate, 62. 
C,.H,,001 


- » 
J 
on 
a 


p-Chlorophenyl p-isopropylbenzyl ether, 1417. 
C,.H,,0O,N dl-8-Phenyl-N-benzylalanine, 173. ( 
C,.H,,0,Cl Methyl y-(5-chloro-6-methoxy-1-naphthyl)butyrate, 2011. 
C,.H,,0,N 2-Methyl-l-ethinylcyclohexanol p-nitrobenzoate, 62. 
A: Bromoleucodrin methyl ether, 285. 
C,.H,,N,I 9-Dimethylamino-10-phenanthridinium iodide, 396. 
9-Phenanthridyltrimethylammorium iodide, 396. 
C,,H,,0,8 Dihydroxyxylyl sulphides, 2027. 
C,,H,,0,N, 2-Methyl-1-vinylcyclohexanol 3:5-dinitrobenzoate, 62. 
C,,.H,,0,N 4-Keto-l-benzoyldecahydroquinoline, 1184. 
C,.H,,0O,N 2-Methyl-1-vinylcyclohexanol p-nitrobenzoate, 62. 
C,.H,,NI 4-( Oe my en ke ee methiodide, 1455, 
C,.H..0.N, ‘Thujone 2:4-dinitrophenylhydrazones, 2018. 
C,.<H..O,.N, Dihydrocryptol 3:5-dinitrobenzoate, 1823. 
2-Methyl-1-ethylcyclohexanol 3:5-dinitrobenzoate, 63. 
C,<Heo N, Ethyl 4-methoxycyclohexanone-2-carboxylate 2:4-dinitrophenylhydrazone, 60. 
C,.H.,0ON 1:3:4-Trimethyl-4*-tetrahydrobenzanilide, 17. 
2:4:5-Trimethyl-4*-tetrahydrobenzanilide, 19. 
C,.H.,0,.N Cryptol phenylurethane, 1822. 
Cig, ON Dihydrocryptol p-nitrobenzoate, 1823. 
imethyl tetrahydroquinoline-2-carboxylate-1-(y-butyrate), 1319. 
C,.H,,0,N, Ethyl a-piperidino-8-hydroxy-f-p-nitrophenylpropionate, hydrochloride of, 659. 
CicH:0,N 1-Diethylamino-5-p-anisyl-4‘-penten-3-one, hydrochloride of, 1239. 
Dihydrocryptol phenylurethane, 1823. 
C,,.H,,0,.N_ 1- imethylamino-5-(3’-methoxy-4’-ethoxyphenyl)-4°-penten-3-one, hydrochloride of, 1571. 
1-Dimethylamino-5-(4’-methoxy-3’-ethoxypheny/)-4‘-penten-3-one, hydrochloride of, 1570. 
C,.H,,0.N Ethyl 2:6-dimethyl-4-isopropylpyridine-3:5-dicarboxylate, 1023. 
C,,H,,0,N; 4-Reto-7-3':4’-dimethoxy phony eptoic acid semicarbazone, 2008. 
C,.H.,0,8 3-p-Toluenesulphony] 2:4:6-trimethyl galactose, 1586. 
C,.H,,ON, Methyl-2-keto-4'!*-dodecahydroanthracene semicarbazone, 1098. 
C,.H.;0,N ae a-diethylamino-8-hydroxy-8-phenylpropionates, hydrochlorides of, 659. 
«H,,0,N Methyl 9 ee ann ati ame mete 1318. 
C,.H;,0,N, Ethyl af-dipiperidinobutyrate, 964. 
C,.H;,0.Te /-Menthyl] n-butyltelluroacetate, 345. 
C,.H,,0C1 16-Chlorohexadecy] alcohol, 1680. 


16 IV 


C,,H,.0.N.Cu Copper o-hydroxybenzeneazo-8-naphthol, 302. 

C,.H,,0,N.8 Nitrophenyl nitronaphthyl sulphides, 1033. 

C,.H,,0,N.D, Phenyl-af-dideuteroethylcarbiny] 3:5-dinitrobenzoate, 1074. 

C,.H,,0.N. Benzeneazo-f-naphthol-6:8-disulphonic acid, barium and cupric salts, 303. 


C,.H,;0 2-Selenocyano-4-carboxy-3’:5’-dimethyldipheny] ether, 36. 
C,.H,,0 Di-3-chloro-4-hydroxy-o-5-xylyl a 2027. 
C,.H,,0 2:4:6-Trimethylphenacylpyridinium bromide, 447. 


C,.<H»ON,S 4-Phenyl-2-thiazolyl 8-diethylaminoethyl ketone, hydrochloride of, 1055. 
ote Ethylphenacyl-n-butyltelluretine bromide, 345. 
C,,H,,0,N,8 2-Nitro-4-piperidinobenzenesulphonylpiperidide, 1621. 

5 1-Chloro-3-p-toluenesulphony] 2:4:6-trimethyl galactose, 1586. 
C,.H,,0,N,Br 2:3:5:6-Tetramethyl galactonic acid p-bromophenylhydrazide, 1576. 
Ethylhexamethylenesulphonium chloroplatinate, 814. 
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16 V 


C,,H,,0,C1,SK Dichlorohydroxyxylyl otassium Les one 2025. 
Gull 1s0,C1,SLi Dichlorohydroxyxy'y ithium sulphides, 2025. 

Cie H,,0.C1.SNa Dichlorohydroxyxylyl sodium sulphides, 2025. 

C,,H,;0,N,CIS 4-Chloro-2-piperidinobenzenesulphonylpiperidide, 1621. 


C,, Group. 


C,,H., Hydrocarbon, from dehydrogenation of trimeric By-dimethylbutadiene, 291. 
C,,7H,, 2:3:4:4:2’:3’:4’:4’-Octamethylbis-1:1’-spirocyclopentene, 352. 
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ono 3’-Hydroxymesobenzanthrone, 701. 
1 Furfurylidene- 2-acetylnaphthalene, 1394. 
“Ete ydroxy-3’-keto-1:2- oe ne come eR 1394. 
0,,H,.0, 1-Acetoxy-2-methylanthraquinone, 544 
5-Benzoyloxy-4-methylcoumarin, 231. 
5-Hydroxy-6-benzoyl-4-methylcoumarin, 1427. 
C,,H,,0, 3’:4-Diketotetrahydro-1:2-cyclopentenophenanthrene, 1995. 
C,,H,,0, 8-Benzoyl-a-methylcinnamic acid, 1856. 
-Naphthyl-4?-cyclopenten-1-one-2-acetic acid, 1394. 
Cd Os 3’-Acetyl-4:2’:5’-trimethylchromono-(7’:8’:6:5)-a-pyrone, 1427. 
droxy-5:8-dimethoxyflavone, 1558. 
cH. ¥, 4-Benzeneazomethylquinaldines, 1086. 
C,,H,,O 3- SS ee eee 726. 
C11 eOs a 3:4-dihydrophenanthrene-2-carboxylate, 2004. 
C,,H,,0 @ NephthyLpcloneaten: l1-one-2-acetic acid, 1995. 
p-Tolyl hs -epoxy-f-p-anisylethyl ketone, 1883. 
0, 'H,,0, 1-Keto-7- quuthonyortehgdve-5-ghisdntinentioveds lactone, 186. 
-Naphthyl-4:7-diketoheptoic acid, 1394. F 
oon Ns 4-Anilino-3-methylquinaldine, 976. 
7 3-Anilino-4-aminomethylquinaldines, 1086. 
"t Vacteinedveaine- 6-methylquinaldine, 1086. 
0,,H,.0 1-Keto-2-n-propyl]-1:2:3:4-tetrahydrophenanthrene, 778. 
C,,H,,0, "3B. -Diphenyl-a-methylbutyric acid, 725. 
C,,H,,0, O-Benzoylduroquinol, 258. 
C,,H,,0, y-Phenoxy-a-veratrylacetone, 808. 
Phenyl] a-hydroxy-f-methoxy-B-p-anisylethyl ketone, 1884. ) 
p-Tolyl-p-methoxybenzylglycollic acid, 1884 
C,,H,,O 2-f-1’-Naphthylet yleyclopentanol, 674. 
17H0, y-1-Naphthyl- = -n-propylbutyric acid, 778. 
‘He, B-Hydroxy-y-phenoxy-a-veratrylpropane, 808. 
C,,H,,0, Diethyl 6-methoxy-3:4-dihydronaphthalene-1:2-dicarboxylate, 2004. 
C,,H.,0, Podocarpic acid, 1006. 
C,,H,,0, Dihydrocryptol hydro en phthalate, 1823. 
C,,H,,0, Ethyl C-acthenyltidigtoenaphthalens- 1:2-dicarboxylate, 2005. 
C,,H,,N, «n-Bis-2-pyridoamino-n-heptane, and its dihydrochloride, 1192. 


17 


C,,H,OCl, 1’:6:7-Trichloromesobenzanthrone, 2051. 
C,,H,OBr, 1’:6-Dibromomesobenzanthrone, 2051. 
C,,H,O,N 3-Nitromescbenzanthrone, 1841. 
C,,H,0,8, mesoBenzanthronedisulphonic acid, and its sodium salt, 2050. 
C,,H,,0,8 mesoBenzanthrone-6-sulphonic acid, and its sodium salt, 2049. 

CHO 8-Aminomesobenzanthrone, 1838. 

O,N 4-Nitrophenyl 3-carboxy-f-naphthy] ether, 1899. 
vey aw 3-hydroxy-2-naphthoate, 1898. 

C,.H..ON 1-Anilino-a-naphthoxazole, 325. 

C,.H,.0,N, Benzeneazo-8-naphthol-3’-carboxylic acid, cupric salt, 301. 
C,,H,,0,N Ethyl coumarono(2’:3’:3:2)indole-l-carboxylate, 1216. 
C,,H,,ON Anilinomethylnaphthols, 340. 

C,,H,,0,N, Acetyl-4-keto-1-methoxy-3- (aminophenyi): 3:4-dihydrophthalazines, 1081. 

C171 OWN a-Benzamido-3-methoxycinnamic acid, 174 

C,,H, NS Pay yg arm henylhydrazone, 1056, 

C,,H,,ON, 5-p-Anisyl-3-p-tolylpyrazole, 1884. 
3’:4-Diketotetrahydro-l: 2-cyclopentenophenanthrene hydrazone, 1995. 
Phenylhydrazinomethylnaphthols, 340. 
oon Oo 1-Keto-3-methy -1:2:3:4-tetrahydronaphthalene 2:4-dinitrophenylhydrazone, 1857. 
Gree 6-Methoxy-f-tetralone 2:4-dinitrophenylhydrazone, 2003. 
cue 16 O.N, Cumy] 3:5-dinitrobenzoate, 1826. 
C,,H HON Dimethylaminoben lideneacetophenones, 752. 
1:2:3:4- Tetrahydro-6-naphthaldehy de, 1289. 


C,,H,,OCl £8-Diphenyl-a-methylbutyryl chloride, 725. 
C,,H,,0,T1 Diphenylthallic acetylacetone, 1888. 
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C,,H,,0,N dl-N-Formyl]-f-phenyl-N-benzylalanine, 173. 
C,,H,,0O,N 2-Acetamido-4-carboxy-3’:5’-dimethyldiphenyl ether, 36. 
N -Benzoyl-8-3-methoxyphenyla nine, 174. 
Cumyl p-nitrobenzoate, 1826. 
C,,H,,0,N, 2:4:6-Trinitro-1:3-dipiperidinobenzene, 892. 
C,,H,,0,.N, 4-Hydroxy-5-p-anisyl-3-p-tolyl-4:5-dihydropyrazole, 1884. 
C,,H,,0,N, 1-Keto-9-methylhexahydronaphthalene 2:4-dinitrophenylhydrazone, 61. 
C,,H,,0,N, 3:5-Dimethoxyphenoxyacetone 2:4-dinitrophenylhydrazone, 307. 
2-H droxy-4:6-dimethoxy-5-methylacetophenone 2:4-dinitrophenylhydrazone, 308. 
C,H, N 3C1 p-Chlorobenzeneazo-N -phenylpiperidine, 459. 
C.,H,,OC] Chloropheny] p-tert.-butylbenzyl ethers, 1417. 
C,,H,,N.I 9-w-Phenanthridylmethyltrimethylammonium iodide, 396. 
C,,H.,0,N, Ethyl 3:3’-dimethylpyrromethene-4:4’-dicarboxylate, metallic derivatives, 372. 
C,,H,,0,N, Thujyl 3:5-dinitrobenzoates, 2019. 
C,,H,,0,N d-isoThujyl p-nitrobenzoate, 2019. 
C,,7H,,0,N Ascaridole-a-glycol p-nitrobenzoate, 832. 
17 SN, p-Nitrobenzoylthujylamines, 2020. 
C,,H,,ON Benzoyl-d-isothujylamine, 2021. 
Salicylidene-l-thujylamine, 2020. 
C,,H,,0,N 1-Pipesidinn-6-19' -tnsthonyphengl)-d<penten-8-cn0, hydrochloride of, 1573. 
C,,H,,0,N 1-Piperidino-5-vanillyl-4*-penten-3-one, hydrochloride of, 1571. 
C,,H,;0,;N cis-1:4-Terpin p-nitrobenzoate, 832. 
C,,H,,0,N, 1-Piperidino-5-p-anisyl-44-penten-3-one oxime, and its hydrochloride, 1241. 
C,,H,,0,N isoPropyl a-piperidino-8-hydroxy-8-phenylpropionate, 658. 
C,,H,,0,N Ethyl 2:6-dimethyl-4-n-butylpyri hao 30d entbnstate, 1023. 
C,,H,,0,8 3-p-Toluenesulphony] 2:4:6-trimethyl methylgalactosides, 1199, 1586. 
C,,H.,0,N Ethyl 2:6-dimethyl-4-n-butyl-1:4-dihydropyridine-3:5-dicarboxylate, 1022. 
17 1-Dodecylpyridinium chloride, 683. 
C,,H,NBr 1-Dodecylpyridinium bromide, 683. 
C,,H;,NI 1-Dodecylpyridinium iodide, 683. 
C,,H;;,CIS Methyl 16-chlorohexadecyl sulphide, 1894. 
C,,H;,08 Methyl 16-hydroxyhexadecyl sulphide, 1894. 


17 IV 


C,,H,0,C1,8, 1’-Chloromesobenzanthronedisulphony] chloride, 2051. 
C,,H,0,C1,8 6:3- Dichlovemeschenaiatthneais ¥-calaneahs acid, and its sodium salt, 2051. 
C,,H,O,CIS 1’-Chloromesobenzanthrone-6-sulphonic acid, and its sodium salt, 2050. 
C,,H,O,BrS_1’-Bromomesobenzanthrone-6-sulphonic acid, and its sodium salt, 2051. 
C,,H,O,NS 1’-Nitromesobenzanthrone-6-sulphonic acid, and its sodium salt, 2052. 
C,,H,0,CIS, 1’-Chloromesobenzanthronedisulphonic acid, and its sodium salt, 2051. 
C,,H,,0,N,Cu Copper o-carboxybenzeneazo-8-naphthol, 301. 
C,,H,,ON,C] 3-Acetamido-9:10-dimethylphenanthridinium chloride, 394. 
C,,H,,ON,I 3-Acetamido-9:10-dimethylphenanthridinium iodide, 394. 
C,,H,,0, 2-Nitro-4-piperidinodiphenylsulphone, 1620. 
C,,H..ON,S 4-Phenyl-2-thiazolyl 8-piperidinoethyl ketone, hydrochloride of, 1055. 
C,,H,,0,NCl Chlorotrihydroxymenthane p-nitrobenzoate, 831. 

17 V 
C,,H,,0O,NC1,8 4:2’:5’-Trichloro-2-piperidinodiphenylsulphone, 1620. 
C,,H,,0,N.C1S8 2’:5’-Dichloro-2-nitro-4-piperidin a vs beens hone, 1620. 
C,,H,,0,N,CIS 4-Chloro-2:3’-dinitro-4’-piperidinodiphenylsulphone, 1621. 
C,,H,,O,NCIS 4-Chloro-2-piperidinodiphenylsulphone, 1620. 


C,, Group. 
C,,H,, 1-Methyl-2-n-propylphenanthrene, 778. 
Tetramethylanthracenes, 1851. 
C,.H.. 2-Methyl-f-1’-naphthylethylcyclopentenes, 675. 
1-Methy]-2-n-propy]-3:4-dihydrophenanthrene, 778. 
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CisHyCl, 2:5:2”:5’’-Tetrachloro-p-terphenyl, 1374. 

C,,.H,,0, 3°-Methoxymesobenzanthrone, 701. 
1sH;C1 Chloro-p-terphenyls, 1373. 

C,sH,;3Br Bromo-p-terphenyls, 1374. 

C,,H,,I 4-Iodo-p-terphenyl, 1374. 

C,.H,,0 1’-Keto-1’:2’:3’:4’-tetrahydro-1:2-benzanthracene, 509. 

C,.H,,0, Methy] o-a-naphthylbenzoate, 112. 

C,sH,,0, 8-1-Anthroylpropionic acid, 1243. 
alee ele gm acid, 508. 

urfurylidene-6-methoxy-2-acetylnaphthalene, 1396. 

4-Hydroxy-7-methoxy-3’-keto-1:2-cyclopentenophenanthrene, 1397. 
2-Methoxy-1-phenylnaphthalene-2’-carboxylic acid, 701. 
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C,,H,,0, 7-Hydroxy-4’-methoxyflavone, 1321. 
2-Amino-p-terphenyl, 1372. 
l’- Page -2:2’-dimethylquin(3:4:5’:4’-)iminazole, 1086. 
y-2-Anthrylbutyric acid, 509. 
“Tetramethylanthraquinones, 1851. 
C,,H,,0;, 3’:4-Diketo-7-methoxytetrahydro-1:2-cyclopentenophenanthrene, 1996. 
Methyl 3-£- -naphthyl-4*-cyclopenten- l-one-2-acetate, 1995. 
C,,.H,,0, 3-(6’-Methoxy-f-naphthyl)-4?-cyclopenten-l-one-2-acetic acid, 1396. 
Methyl 3-8-6’-hydroxynaphthy]-4?-cyclopenten-1-one-2-acetate, 1996. 
C,,.H,,0, 5:7:8-Trimethoxyflavone, 1558. 
3:6:8-Trimethoxy-2-methylanthraquinone, 2064. 
C,,.H,,0, 2:4-Dimethoxyphenyl af-epoxy-f-3:4-methylenedioxystyryl ketone, 1883. 
3:4-Methylenedioxy-a-2’:4’-dimethox a Ne mm 4 acid, 1884 
C,.H,,N  1:2-(4’:5’-Dimethylbenz)-3:4-dihydrocarbazole, 1309. 
1sH,,N, 4-Benzeneazodimethylquinaldines, 1087. 
C, 130, 2z-Norequilenin methyl ether, 1996. 
C,,.H,,0, Methyl 3-8-naphthylcyclopentan-1-one-2-acetate, 1995. 
1sH,,0, Cumyl hydrogen phthalate, 1826. 
3-8-6’ “Methoxynaphthylcyclopentan- l-one-2-acetic acid, 1996. 
Methyl B-hydroxy-8-benzoyl-B-phenyl-a-methylpropionate, 1856. 
C,,H,,0, 7-(8-6’-Methoxynaphthy]l)-4:7-diketoheptoic acid, 1396. 
C,,H,,0, 3:6:6’-Trimethoxy-2-m-toluoylbenzoic acid, 2063. 
C,.H,,0, 2:4-Dimethoxyphenyl-3:4-methylenedioxybenzylglycollie acid, 1884. 
Diketohexah a + nt dihydrazones, 399. 
C,,H,,N, 3-Anilino-4-aminodimethylquinaldines, 1087. 
1sHy,0 2-Methyl-2-f-1’-naphthylethylcyclopentanone, 674. 
ono 3 2-Hydroxy-5-benzyloxyisovalerophenone, 2068. 
, Di-3-methoxybenzylacetic acid, barium salt, 174. 
"B- 1-Naphthylethyl-n-propylmalonic acid, 778. 
C,,H,,0, isoPropylidene leucodrin, 284. 
C,.H..N, 6:7-Dimethyl-1-keto-1:2:3:4-tetrahydronaphthalene phenylhydrazone, 1309. 
Guelind 2-Methyl-2-B-1’-naphthylethylcyclopentanol, 674. 
C,,H..N, 3:3’-Bisdimethylaminobenzylideneazine, 752. 
C,,H.,0, Methyl podocarpate, 1009. 
O-Methylpodocarpic acid, 1010. 

40, 2:3-Oxidodiethylidene 4:6-benzylidene a-methylglucoside, 795. 
aB-Di-l-acetoxycyclohexylacetylene, 989. 
a-Bis-2-pyridylamino-n-octane, and its dihydrochloride, 1192. 
aB-Di-l-acetoxycyclohexylethylene, 989. 

2-n-Tridecylpyridine, ae its salts, 683. 
Oleic acid, magnesium salt, anhydrous, preparation of, 1252. 
1:18-Dichloro-octadecane, 1681. 
C,,H;,8 Octadecamethylene sulphide, 1896. 
C,,H;,0, Octadecamethylene glycol, 1680. 


18 Mm 


CeO .0l, Dichloro-3’:8-ketomesobenzanthrones, 1839. 
C,,.H,0.Cl 1’-Chloro-3’:8-ketomesobenzanthrone, 1839. 
O,N 3-Nitro-3’:8-ketomesobenzanthrone, 1841. 

C,,H,0,Br 6-Bromoanthraquinone-1l-carboxylic acid, 2052. 
C,.H,O,N 8-Hydroxymesobenzanthrone-3’-carboxylactone, 1837. 
1’-Nitro-3’-hydroxymesobenzanthrone-8-carboxylic acid, 1838. 
C,,.H,O,.N 3’-Aminomesobenzanthrone-8-carboxylic acid, lactam of, 1839. 

8-Aminomesobenzanthrone-3’-carboxylic acid, lactam of, 1840. 
meso Benzanthrone-3’:8-ketoxime, 1840. 
C,,H,O,Cl 1’-Chloromesobenzanthrone-8-carboxylic acid, 1837. 
C,.H,O,Br 1’-Bromomesobenzanthrone-3’-carboxylic acid, 1837. 
CuHON 3-Nitromesobenzanthrone-8-carboxylic acid, 1841. 
meso Benzanthrone-8-carboxyamide, 1839. 
nent come tg 1838. 
C,.H,,0,N, 4:2’:4”-Trinitro-p-terphenyl, 1371. 
C,,H,,0,Cl, Bischloroacetylanthracene, 1244, 
C,.H,,0,N, 4:3’-Dinitro-p-terphenyl, 1373. 
4:4”.Dinitro-p-terphenyl, 1371. 
C,,H,,C1,Br, Tri-p- eouien henylstibine dichloride, 846. 
C,.H,,C1,8b Tri-p-chlorophenylstibine dichloride, 846. 
sH,;0 Nitro-p-terphenyls, 1372. 
sH,,0,N, 38-3- oe i naphthoylphenylurea, 426. 
Nitroacetoxy-1-acetyl-2:3-dihydrocoumarono(2’:3’:3:2)indole, 1217. 


sH,,0,N a-Cyano-f-(0- benzylvanillyl)acrylic acid, 808. 
C,,H,,;0,N,; Diacetyl-1:4-diketo-3-(2’ -aminophenyl)tetrahydrophthalazine, 1082. 
1- Pg a 3-(4’-phenyl-2’-thiazolyl)pyrazoline, 1055. 
C..H,,0.N; yr mee 8 -6-acetyl-4-methylcoumarin phenylhydrazone, 232. 


1 
1 
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imethoxy-2-formyl-3-methylcoumarone 2:4-dinitrophenylhydrazone, 307. 


C,,H,,0,N, 2178 
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C,.H,,ON, 3-Anilino-4-acetamidoquinaldine, 1086. 
4-Benzeneazoethoxyquinaldines, 1087. | 

C,,H,,0.N, 3’:4-Diketotetrahydro-1:2-cyclopentenophenanthrene semicarbazone, 1995. 
sH,,0,N a-Cyano-f-keto-y-phenoxy-a-veratrylpropane, 808. 

C,.H,,0,N, /-Dianhydrohexosazone, 1386. 

C,.H,,0,N, 1:2-(4’:5’-Dimethylbenz)-3:4-dihydrocarbazole re me a 1309. 

C,,H,,0,N, 4-Hydroxy-3-(2’:4’-dimethoxypheny]l)-5-(3’:4’-methylenedi 

1884 


C,.H,,0,8 2:2’-Diacetoxy-5:5’-dimethyldiphenylsulphone, 903. 
C,.H,,0,;N, 3-8-Naphthylcyclopentan-1-one-2-acetic acid semicarbazone, 1995. 
a. a -methoxyacridine, 305. 
C,.H,,0,N B- aH te +e ee gc 808. 
C,.H.,0.N, Methylethylmalondianilide, 55. 
1gfle9O.N, 2-Hydroxy-5-methoxy-n-valerophenone 2:4-dinitrophenylhydrazone, 2066. 
C,sH.0,N, 3 5. Ginsthony-4-cavligtebtnsapecstens 2:4-dinitrophenylhydrazone, 308. 
C,.H,,0,N Di-3-methoxybenzylacetamide, 174. 
C,,.H,,0,N; 3:3’. Dimethoxydibenzyl ketone semicarbazone, 174. 
C,,H,,0,N £-3-Methoxyphenyl-N-3’-methoxybenzylalanine, 175. 
C,,.H,,0,N 2-Acetyl 4:6-benzylidene 3-acetamido-a-methylglucoside, 1813. 
C,.H,,0,N 1-Piperidino-5-(2’-ethoxyphenyl)-4*-penten-3-one, hydrochloride of, 1573. 
C,sH,,0,8 6-p-Toluenesulphonyl 2-methyl 3:4-isopropylidene a-methylglucoside, 1199. 
C,sH,;0,N 1-Di-n-propylamino-5-p-anisyl-4‘-penten-3-one hydrochloride of, 1239. 
CigHt,,0.N tsoButyl a-piperidino-8-hydroxy-8-phenylpropionate, hydrochloride of, 658. 
1-Diethylamino-5-(4’-methoxy-3’-ethoxypheny])-4*-penten-3-one, hydrochloride of, 1570. 
Ethyl 2-camphoryliminocyclopentane-1-carboxylate, 340. 
C,.H;,0Cl 18-Chloro-octadecyl alcohol, 1681. — 


C,sH,,0,N,8 Benzeneazo-8-naphtholsulphonic acids, cupric salts, 302. 
C,.H,;0,N,Cl 5-Chloro-6-methoxy-2-naphthaldehyde 2:4-dinitrophenylhydrazone, 2012. 
oS : Di-5-hydroxy-6-y-cumy] lithium sulphide, 2026. 
C,.H.,0,8Na Di-5-hydroxy-6-%-cumyl sodium sulphide, 2026. 
C,,H,,ON,S 4-Phenyl-2-thiazolyl £-di-n-propylaminoethyl ketone, hydrochloride of, 1055. 


18 V 
C,.H,,0,N,CIS 5-Chloro-2-hydroxydiphenylsulphone 2:4-dinitropheny] ether, 902. 


C,, Group. 
C,,H,, Methyl-1:2-benzanthracenes, 509. 
Methyl-3:4-benzphenanthrenes, 1289. 
Methylchrysene, 1858. 
CisH,, 1’-Methyl-3’:4’-dihydro-1:2-benzanthracene, 509. 


19 I 


C,9H,,0; mesoBenzanthronecarboxylic acids, 1837. 
C,,H,,0, 1’-Methyl-1:2-benzanthraquinone, 509. 
8-Methyl-1:2-benzanthraquinone, 612. 
C,.H,,0, 4’-Phenyl-4-methylcoumarino-(7’:8’:6:5)-a-pyrone, 1427. 
C,.H,,.N, Phenanthrido(10’:9’:1:2)benziminazole, 1305. 
C,.H,,0 1’-Ethylmesobenzanthrone, 403. 
2-ehy1.3:4-benzfuorenone, 404. 
B-Naphthyl styryl ketone, 1885. 
C,.H,,0, 5-Acetoxy-6-benzoyl-4-methylcoumarin, 1427. 
C,.H,,0, Methyl 5-benzoyloxy-4-methylcoumarin-6-carboxylate, 231. 
C,,.H,,.N, 9-2-Aminophenylphenanthridine, hydrochloride of, 394. 
C,,H,,.N, 4:6-Diaminophenanthrido(10’:9’:1:2)benziminazole, 1304. 
C,.H, .N; ear wee coer Sages nr en and their salts, 395. 
C,,H,,.0 ee x carbinol, methylation of, 483. 
C,9H,,0, 0-4’-Ethyl-1’-naphthylbenzoic acid, 404. 
19f,;,0, 4:7-Dimethoxy-3’-keto-1:2-cyclopentenophenanthrene, 1397. 
Methyl-8-2-anthroylpropionate, 508. 
Methyl 2-methoxy-1-phenylnaphthalene-2’-carboxylate, 701. 
C,,.H,,0, 5-Benzoyloxy-4-methyl-8-ethylcoumarin, 1068. 
5:6-Diacetoxy-1-met ylphenanthrene, 1013. 
C,,H,,0, Phenyl 5-hydroxy-4-methyl-8-ethylcoumarin-6-carboxylate, 1068. 
C,,H,,0, Methyl 3-8-6’-methoxynaphthyl-4?-cyclopenten-1-one-2-acetate, 1996. 
C,9H,,0, 2-Benzhydrylcyclopentene-1-carboxylic acid, 1930. 
C,.H,,0, 7-H ater Means -tetramethoxyflavone, 56. 
19H,,0, 2:4-Dimet 
, Methyl 3-8-6’-methoxynaphthylcyclopentan-1-one-2-acetate, 1996. 
C,oH,,.0, p-Tolyl a-hydroxy-f-acetoxy-B-p-anisylethyl ketone, 1884. 
C,.H290, i-3-methoxybenzylmalonic acid, 174. 
y-(6-Methoxysuccinoyl-1-naphthyl)butyric acid, 2011. 
2:4:6-Trimethoxypheny] 4-methoxy benzyl ee 883. 
2179 






oxypheny]}-4:5-dihydropyrazole, 


oxypheny] a-hydroxy-f-formoxy-f-3:4-methylenedioxyphenylethy] ketone, 1885. 
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2:4-Dimethoxypheny] a-hydroxy-8-methoxy-f-3:4-methylenedioxyphenylethyl ketone, 1884. 
C,,.H.N, 9-w-Piperidinomethylphenanthridine, 396. 
C,,H,,0 2-Keto-10-methyldecahydrochrysene, 1857. 
C,,H,,0, Ethyl 2-methyl-1-naphthylmethylmalonate, 1993. ' 
C,,H,,0, Ethyl 1-keto-7-methoxyoctahydro-2-phenanthroylformate, 186. 
C,,H.,0, isoPropylideneleucodrin methyl ether, 285. 
19H,;N, 1-Dimethylamino-5-phenyl-4*-penten-3-one (me tor ape hydrochloride of, 1238. 
1:5-Diphenyl-3-8-dimethylaminoethylpyrazoline, hydrochloride of, 1238. 
C,,H,,0, O-Acetylpodocarpic acid, 1009. 
C,,H,,0;, O-Methylestric acid, 2000. 
C,,H,,0, Ethyl podocarpate, 1010. 
Methyl O-methylpodocarpate, 1010. 
©,,H,.N, at-Bis- eer te and its dihydrochloride, 1192. 
C,.H,,0, 2-n-Amyl-5-n-octylbenzoquinone, 2068. 
C,.H,,0,; Dihydroflavoglaucin, 2059. 
2:5-Dihydroxy-4-n-amyloctophenone, 2067. 
C,,.H,,0, Tetrahydrodeoxyflavoglaucin, 2062. 
Tetrahydroflavoglaucin, 2061. 
Methyl —- hexadecanedicarboxylate, 444. 
C,,.H,,0 Methyl n-heptadecyl ketone, 1379. 


19 


C,.H,,0,N, 4:6-Dinitrophenanthrido(10’:9’:1:2)benziminazole, 1304. 
19H,,0,N, Dinitrophenylphenanthridines, 395, 396. 
C,,H,,0,N, Picryl-9-aminophenanthridine, 1304. 
19H,,0,.N, 7-Nitro-9-phenylphenanthridine, 396. 
19H, a-2’-( Pie area sn teres 1288. 
C,,.H,,0,N 8-Acetamidomesobenzanthrone, 1838. 
C,.H;,;0. a-2’-(1’-Bromonaphthyl)cinnamic acid, 1288. 
C.,H,,0,N 3 Dinitrobenzamidodiphenyls, 395, 396. 
C,.H,,0,N; 2-p-Nitrophenoxybenzo-m-nitroanilide, 2054. 
Salic lo-3’:4”-dinitrodiphenylamide, 2055. 
C,,H,,0,N, 4’-Nitro-2-benzamidodiphenyl, 396. 
C,H, Ns 2-p-Nitrophenoxybenzanilide, 2054. 
Salic o-4’-nitrodiphenylamide, 2055. 
C,,H,,0,N, Formazy]-2:4-dinitrobenzene, 1843. 
19H,,0,N, 4-Hydroxy-3’-keto-1:2-cyclopentenonaphthalene 2:4-dinitrophenylhydrazone, 1393. 
C,,.H,,;0,N Phthalo-6’-methoxy-3’:4’-dihydro-8-naphthylimide, 2003. 
9-w-Phenanthridylmethyl-N-pyridinium chloride, 396. 
8-3-Hydroxy-2-naphthoyltolylureas, 426. 
8-3-Hydroxy-2-naphthoylmethoxyphenylureas, 426. 
Acetylanilinomethylnaphthols, 340. 
1-Ketomethyltetrahydrocarbazole nitrophenylhydrazones, 9. 
4:6-Dimethoxy-2-formy]-3:5-dimethylcoumarone 2:4-dinitrophenylhydrazone, 309. 
3-Nitro-5-piperidino-7-methoxyacridine, 305. 
Methyl a-cyano-8-(O-benzylvanillyl) propionate, 808. 
6-Methoxy-2:3’-methoxybenzyl-1:2:3:4-tetrahydroisoquinoline-3-carboxylic acid, barium salt, 


N-Formy1-8-3-methoxyphenyl-N -3’-methoxybenzylalanine, 175. 
tsoPropylidene-bromoleucodrin methyl ether, 285. © 
2-Methyl-2-8-1’-naphthylethylcyclopentanone semicarbazone, 674. 
Di-5-hydroxy-6-y-cumylmethane, lithium derivative, 2026. 
Oximino-O-methylestrone, 2000. , 
Ethyl 3:3’:5:5’-tetramethylpyrromethene-4:4’-dicarboxylate, metallic salts, 371. 
6-Methyl glucosazone, 1692. és 
a7 1-Piperidino-5-(2’-n-propoxypheny])-4‘-penten-3-one, hydrochloride of, 1573. 
C,,H,,0,N 1-Piperidino-5-(3’-methoxy-4 -ethoxypheny!)-4*-penten-3-one, hydrochloride of, 1571. 
1-Piperidino-5-(4’-methoxy-3’-ethoxypheny])-4*-penten-3-one, hydrochloride of, 1570. 
0,,H,,0,8 1-Dieth iamino-6.(3'-»-butoxyphenyl),A*penten-3-one, hydrochloride of, 1574. 
C,,H.,0,N isoAmy a-piperidino-f-hydroxy--phenylpropionate, and its hydrochloride, 658. 
C,,H,,0,N, Leucodrin dihydroxybisethylamide, 285 a“ 
C,,H,,NCl 1-Tetradecylpyridinium chloride, 683. re 
C,,H,,NI 1-Tetradecylpyridinium iodide, 683. 
C,,H;,CIS Methyl $5-alleen-estadioust sulphide, 1894. 
C,,H,.OS Methyl 14-butyloxydecyl sulphide, 1895. 
C,,.H,,0S Methyl 18-hydroxyoctedecyl sulphide, 1894. 


’ 19 IV 
C,eH,,0,N,Cl, 2’:2’’:4’:4”’-Tetrachloroformazy]-2:4-dinitrobenzene, 1843. 
C,,H,,0,N,Br, 2’:2’':4’:4’’. Tetrabromoformazy]-2:4-dinitrobenzene, 1843. 
C,,H,,0,ClAs dl-8-Chloro-10-phenylphenoxarsine-2-carboxylic acid, 1002. 
d- and 1-8-Chloro-10-pheny. ee ee acids, and their a-phenylethylamine salts, 1003. 
C,,H,,0,N,Br, pp’-Dibromo ee 1843... 
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Formula Index. 


C,9H,,0,N,Cl «-3-Hydroxy-2-naphthoyl-p-chlorophenylurea, 426. 
OClAs 8-Chloro-10-phenyl-2-methylphenoxarsine, 1002. 
4-o-Nitrophenoxytoluene-3-sulphonanilide, 1899. 
4:6-Diphenyl-2-ethylpyrylium ferrichloride, 1991. 
NN’-Di-p-toluenesulphonylbistrimethyleneimine-3:3’-spiran, 1595. 
C,,H;,0,NC1 12-Chlorododecylphenylurethane, 1680. 


19 V 
C,,»H,,0,NCIS 5-Chloro-2-p-toluenesulphonyldiphenylamine, 1621. 


C,, Group. 


C..H,, 5:14-Dimethylchrysene, 399. 
C.oH., Dimethylhexahydrochrysenes, 399. 


20 
C..H,O, B-Naphthyl p-methoxystyryl ketone, 1883. 
C..H,,0, 3-Methyl-1:2-benzant seuheene-$-aeebenstit acid, 510. 
Cools, 3-Methyl-1:2-benz-5-anthroic acid, 511. 
ethyl-3:4-benz-10-phenanthroic acids, 1289. 
C..H,,0; Meth te sn NO anhydride, 511. 
C..H,,0, 2-p-Hydroxybenzoyldiphenyl-2’-carboxylic acid, 1565. 
Phenyl hydrogen diphenate, 1565. 
C,H, .N, ipyridyldipyridyls, 1670. 
OF agg ne ne pines yridyl, metallic salts, 1672. 
C..H,,0, 2- wows em thyl styryl ketone, 1885. 
C..H,,0; 5-Keto-8-methyl-5:6:7:8-tetrahydro-1:2-benz-7-anthroic acid, 512. 
5-Keto-8-methyl-5:6:7:8-tetrahydro-3:4-benz-7-phenanthroic acid, 512. 
-Naphthyl af-epoxy-f-p-anisylethyl ketone, 1883. 
‘~ a’-3-Phenanthrylethy — = anhydride, 511. 
wiO 4-Acetoxy-7-methoxy-3’-keto-1:2-cyclopentenophenanthrene, 1397. 
ethyl-3-phenanthrylitaconic acid, 511. 
CooH,.0, -Di-(3:4-methylenedioxy benzyl)succinic anhydrides; 1987. 
C,,H,,N 1:2:3-Triphenylethyleneimine, 209. 
C2oH;,0. Diketodimethylhexabydrochrysenes, 398. 
8-Methyl-5:6:7:8-tetra ydro-1:2-benz-7-anthroic acid, 512. 
C..H,.0; — f-2-anthroylpropionate, 1243. 
thyl 2-methoxy-1-phenylnaphthalene-2’-carboxylate, 701. 
CxoH,.0, -(a’-3-Phenanthrylethyl)succinic acid, 511. 
ttlerone, nee of, 310. 
C.oH,,0, 2:2-Diphenylcyclobutanone-3-carboxylic-4-propionic acid, 1929. 
CaoH.0. fine Ae Sa on oa en SR 803. 
a, “Di-(3:4-methylenedioxybenzy})butyro actones, 1988. 
130, af-Di-(3:4-methylenedioxybenzyl)succinic acids, 1987. 
eoHeo0, 2-Benzhydryl-4*-tetrahydrobenzoic acid, 1928. 
, 5:5-Diphenylpentane-1:3:4-tricarboxylic acid, 1929. 
CopH.,0, 3:5:7:8:4’-Pentamethoxyflavone, 58. 
C.oH..0, 5-Hydroxy-6:7:8:3':4’-pentamethoxyflavone, 1006. 
0, 2-Benzhydrylhexahydrobenzoic acid, 1928. 
C.oH.20, O-Benzoylduroquinol allyl ether, 258. 
O, fy-Di-p-tolyladipic-a acid, 398. 
ttlerin, 309. 
Fr eg ee nee os are oth n ts sean 
2:4-Dimethoxypheny] a-hydroxy-f-ethoxy-8-3:4-methylenedioxy phenylet etone, 1884. 
Dimethylhexahydrochrysene di een diy 400. . ca , 
2-Keto-1:10-dimethyldecahydrochrysene, 1857. 
Auroglaucin methyl ether, 2059. 
§-Phenyl-1- Cadel er ap ae ny amamemeete hydrochloride of, 1238. 
-2-Ketocyclohexenylbutyric anhydride, 61. 
ethylhomo-estric acid, 2000. 
OQ 4’-Methoxy-1’-methyldodecahydro-1:2-benzanthracene, 510. 
2-B-(4’-Methoxy-m-tolyl)ethyl-4**-octalin, 510. 
, ax-Bis-2-pyridoamino-n-decane, and its dihydrochloride, 1192. 
, 2-Hydroxy-5-methoxy-4-n-amyloctophenone, 2067. 
4-Methoxy-2-n-amylpheny] octoate, 2067. 
sN ae me nee en 2621. 
ag yridine, and its salts, 683. 
C.oH;,0,, Methyl heptamethyl aldobionate, 1179. 
C,H. Octamethyl digalactofuranose, 1577. 
C,.H;,N Dimenthylamines, 2021. 
20 I 
C,,.H,,0,Br 6-Bromo-3’:4’-methylenedioxy-a-naphthaflavone, 2118. 
C,,.H,,0,N, Nitro-3-acetylooumarono(2’:3”-1:2)-f-naphthindole, 1217. 
C,.H,,0,N 3-Acetylcoumarono(2’:3’:1:2)-8-naphthindole, 1217. 
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C..H,,0,Br 4-Bromo-1-anisylidene-5:6-benzocoumaran-2-one, 2119. 
6-Bromo-4’-methoxy-a-naphthaflavone, 2119. 
C..H,,0,Br, 4-Bromo-1-hydroxy-2-naphthyl af-dibromo-8-3:4-methylenedioxyphenylethyi ketone, 2118. 
C.oH,,0,.Br a-2’-(1’-Bromonaphthy]l)-f-tolylacrylic acids, 1288. 
ag 4-Bromo-1-hydroxy-2-naphthyl p-methoxystyryl ketone, 2119. 
C.,.H,,0,Br, 4-Bromo-l-hydroxy-2-naphthyl af-dibromo-8-p-anisylethy] ketone, 2119. 
C.,H,,0,N Methyl 3-nitro-8-(0-carbomethoxypheny])-1-naphthoate, 1841. 
150,N, Nitrodeoxybenzoin 2:4-dinitrophenylhydrazones, 1405. 
C.oH,,ON, 5-p-Anisyl-3-8-naphthylpyrazole, 1884. 
- Ny 1-Methyldihydrophenalene-7-one 2:4-dinitrophenylhydrazone, 1993. 
C.oH,,0,N, p-Nitrobenzyl 1-ketotetrahydrocarboxylate, 9. 
C..H,,0,N, 6:7-Methylenedioxy-2-acetyl-1-methylnaphthalene, 2007. 
C.,.H,,0,Br, ee ee ee 1989. 
C.oH,,0,.N, Dinitro-af-di-(3:4-methylenedioxybenzy]l)butyrolactone, 1989. 
C..H,,ON 2-Acetamido-p-terphenyl, 1372. 
C.,.H,,N,I 9-p-Aminopheny]-10-methylphenanthridinium iodide, 394. 
C.oH,,0,.N, Bis-(3:5-dinitrobenzoyl)-d-lysine, 1401. 
NCI 1-Chloro-2-anilino-1:2-diphenylethane, 209. 
Diaminopheny]-10-methylphenanthridinium chlorides, 395. 
cycloHexane-1:2-dione 2-(4’-nitrophenylhydrazone)-1-(6’-cyano-m-tolylhydrazone), 8. 
l-Dianhydrohexosazone acetate, 1386. 
4-Acetoxy-1l-acetyl-3-phenyl-5-p-anisyl-4:5-dihydropyrazole, 1884. 
Tetrahydroalstoninic acid, hydrochloride of, 1355. 
Cc 4 17-Keto-3:12-dimethoxy-6:15:16:17-tetrahydroparaberine semicarbazone, 175. 
C..H,;0 Cryptol a-naphthylurethane, 1822. 
dl-a-Methyl-y-n-propylallyl p-xenylurethane, 699. 
dl-n-Propylpropenylcarbinol p-xenylurethane, 1918. 
C..H,;0,N, 3-Acetamido-5-butylamino-7-methoxyacridine, 305. 
1-Phen 1-5-(3’:4’-methylenedioxypheny])-3-8-dimethylaminoethylpyrazoline, hydrochloride of, 1570. 
C..H,,;0,N Ethyl 4-benzy]-2:6-dimethylpyridine-3:5-dicarboxylate, and its hydrochloride, 1023. 
C.,H.,0.N, 8-isoQuinotoxine, and its salts, 6. 
C..H.,0,N, 2:5-Dihydroxyoctophenone 2:4-dinitrophenylhydrazone, 2071. 
C..H.,ON, 2-Keto-10-methyldecahydrochrysene semicarbazone, 1857. 
1-Phen 1-5-p-anisyl-3-8-dimethylaminoethylpyrazoline, hydrochloride of, 1239. 
C..H, ON Dihydrocryptol a-naphthylurethane, 1823. 


C.,H,,0,N Auroglaucin methyl ether oxime, 2059. 
C,,H,,0,N, Ethyl 4-methoxy-2-y-cyanopropylcyclohexanone-2-carboxylate 2:4-dinitrophenylhydrazone, 
60. 


4:6-Dimethy] altrosazone, 476. 
C.,H,,0,.N, Aromadendrone p-nitrophenylhydrazone, 1202. 
C..H.,0,.N 1-Piperidino-5-(2’-n-butoxypheny])-4*-penten-3-one, hydrochloride of, 1574. 
C.,H;,0 1-Di-n-butylamino-5-p-anisyl-4*-penten-3-one, hydrochloride of, 1239. 
C..H,,ON;, Methyl n-heptadecyl ketone semicarbazone, 1379. 


20 IV 


C..H,,0,N,8 Dinitrodinaphthyl sulphides, 1032. 

C.,H,,0,KSe Di-2-hydroxy-l-naphthyl —- selenide, 2024. 
C.,H,,0,LiSe Di-2-hydroxy-l-naphthy] lithium selenide, 2025. 
C.oH,,0,NaSe Di-2-hydroxy-l-naphthyl sodium selenide, 2025. 
C..H, .N, Bis-2:2’-dipyridyl rhenichloride, 1860. 
4:6-Dipheny]l-2-propylpyrylium ferrichlorides, 1991. 


20 V 

C..H,,ON,Cl,Ru Chloronitroso-2:2’:2”:2’”-tetrapyridylruthenium chloride, 1678. 

¥ u, Chloronitroso-2:2’:2”:2’”-tetrapyridylruthenium nitrosoruthenium pentachloride, 1678. 
C..H,,.0) a ua 2:2’:2’:2’’.Tetrapyridylnitrosoruthenium pentachloride, 1678. 

160,N,Cl,.Ru, Chloronitrosobis-2:2’-dipyridylruthenium nitrosoruthenium pentachloride, 1677. 
C,,.H,,ON,Cl,Ru Bis-2:2’-dipyridylnitrosoruthenium pentachloride, 1678. 

30,C1L,SK Di-6-chloro-3-hydroxy-2-cymyl potassium sulphide, 2026. 
C..H,;0,C1,8Li Di-6-chloro-3-hydroxy-2-cymy] lithium poe 2026. 
C. H,;0,C1,8SNa Di-6-chloro-3-hydroxy-2-cymyl sodium sulphide, 2026. 


19 


C,, Group. 


C,,H,, 4-isoPropylchrysene, 513. an 
C,,H,,0, 4-Anisoylfluorenone, 1565. 
C.,H,,N Methylperinaphthacridine, 1993. 
C.,H,,0, Methy! 3-methyl-1:2-benz-5-anthroate, 511. 
C,,H,,0, 2-Anisoyldiphenyl-2’-carboxylic acid, 1565. 
2-H ydroxy-2-m-toluoyldiphenyl-2’-carboxylic acids, 1566. 
C,,H,,0, 3:5:8-Triacetoxy-2-methylanthraquinone, 2064. 
C,,H,,N 2:4-Distyrylpyridine, 478. 
C.,H,,0, Methyl 5-benzoyloxy-4-methyl-8-ethylcoumarin-6-carboxylate, 1067. 
2182 
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9-p-Dimethylaminophenylphenanthridine, and its hydrochloride, 394. 
1:1:2-Triphenylpropane-1-ol, 728. 

6:7- Dimethoxy-1-veratrylnaphthalene-3-aldehyde, 812. 

p-Phenylphenacy] 3:3-dimethylcyclobutanecarboxylate, 1213. 
6:7-Dimethoxy-1-veratryl-2- and -3-methylnaphthalenes, 811. 
O-Triacetyl-ay-diphenylglycerol, 1581. 

Nobiletin, 1003, 1004. 
5:6:5’:6’-Tetrahydroxy-3:3:3’:3’-tetramethylbis-1:1’-spirohydrindene, 351. 
6:7-Dimethoxy-1-veratry]-1:2:3:4-tetrahydronaphthalene-3-carboxylic acid, 813. 
2:3:2’:3’-Tetra(carboxymethylene)-4:4:4’:4’-tetramethylbis-1:1’-spirocyclopentane, 351. 
Acetylisopropylideneleucodrin methyl ether, 285. 

Benzylidenearomadendrone, 1202. 
4:4:4’:4’-Tetramethylbis-1:1’-spirocyclopentene-2:3:2’:3’-tetra-acetic acid, 351. 
Tetrahydrodeoxyflavoglaucin dimethyl] ether, 2062. 

Tetrahydroflavogiaucin dimethyl ether, 2061. 


21 I 


C.,H,,0N 3-Phenyl-2:3-0-benzoyleneindolenine, 341. 
C,,H,,0,N 1-Benzoylcoumarono(2’:3’:3:2)indole, 1216. 
C.,H,,0.8e Di-2-hydroxy-l-naphthyl selenide methyl ether, 2024. 
CxH,.0.Br, — ydroxy-2-naphthyl a-bromo-f-methoxy-f-3:4-methylenedioxyphenylethy] 
etone, 2118. 

C.,H,,0,N, 3-Nitro-5-p-anisidino-7-methoxyacridine, 304. 

21 a7 4:6-Dimethoxy-3-methylcoumarone-2-pyruvic azlactone, 308. 
C,,H,,0,Br, 4-Bromo-l-hydroxy-2-naphthyl a-bromo-f-methoxy-f-p-anisylethyl ketone, 2119. 
C.,H,,0;N, § Mate-6.anetheny-teibet tetetietocghensatinene 2:4-dinitrophenylhydrazone, 697. 
Trichloro-o-tolylstibines, 847. 

‘frichlorotolylstibine dichlorides. 847. 
3-Amino-5-p-anisidino-7-methoxyacridine, 305. 

21H;,0,Cl 6:7-Dimethoxy-1-veratrylnaphthalene-3-carboxylic acid chloride, 812. 

21 Heo 2 Alstonine, and its salts, 1353. 
C.,:H..0;N, 1-Keto-6-methoxy-1:2:3:4:9:10-hexahydrophenanthrene 2:4-dinitrophenylhyarazone, 696. 

2-Keto-7-methoxyhexahydrophenanthrene 2:4-dinitrophenylhydrazone, 2004. 
C.,H,,0,.N Cumyl a-naphthylurethane, 1826. 

Ethyl 2-pheny. '9:4-trimethylene-2:3-dihydroquinoline-B-carboxylate, 340. 


Cay 18 
21H,,Cl b 
21*419 3 


C.,H,,0,N 6:7-Dimethoxy-1-veratrylnaphthalene-3-aldoxime, 812. 


C,,H,,0,N, 
C,,H2,0;N, 
C,,H, d 


6:7-Dimethoxy-1-veratrylnaphthalene-3-aldehyde hydrazone, 812. 
z-Norequilenin methyl] ether 2:4-dinitrophenylhydrazone, 1996. 

1H,;0 esazaStrychnidine-b, 1488. 
C,,H,;0,N Ethyl 2-a-anilinobenzylcyclopentan-1-one-2-carboxylate, 340. 

H,,0,N, Tetrahydroalstonine, and its hydrochloride, 1355. 

1-p-Tolyl-5-(3’:4’-methylenedioxypheny])-3-8-dimethylaminoethylpyrazoline, hydrochloride of, 
570. 

C,,H,,0,N Benzyl a-piperidino-8-hydroxy-8-phenylpropionate, hydrochloride of, 658. 
C,,H,,0,N Se ee lisopropylamine, 174. 

Et yl 4-8-phenylethyl-2:6-dimethylpyridine-3:5-dicarboxylate, 1023. 
C,,H,.0,N, Anhydroleptospermone phenylhydrazone, 1194. 
Cus HasO Ne 2-Hydroxy-5-methoxyoctophenone 2:4-dinitrophenylhydrazone, 2071. 
C.,H,,ON, 1-p-Tolyl-5-p-anisyl-3-8-dimethylaminoethylpyrazoline, hydrochloride of, 1239. 
C,,H,,0,N Anilinoleptospermone, 1194. 
C,,H,,0,N Ethyl 2:6-dimethyl-4-8-phenylethyl-1:4-dihydropyridine-3:5-dicarboxylate, 1022. 
C.,H;,0,N, Ethyl af-dipiperidino-8-phenylpropionate, 964. 

1H3, Dihydroflavoglaucin dimethyl] ether, 2060. 
C,,H;,08 Methyl 14-phenoxytetradecyl sulphide, 1895. 


21 IV 
C,,H,,0,C1,8b Tri-(5-chloro-2-methoxypheny]l)stibine, 847. 
o1 Ai 3 Tri-(5-chloro-2-methoxypheny])stibine dichloride, 847. 
mm: e on eer ferrichloride, 1991. 
C.,H;,,0,NCl 14-Chlorotetradecylphenylurethane, 1680. 


21 V 
C,;H,,0,NPPd Oxalato-n-butylphosphine-p-toluidinepalladium, 2091. 


C,, Group. 


C,,H,, 1:2:3:4-Dibenzphenanthrene, 196. 
1:2:5:6-Dibenzphenanthrene, 1289, 1292. 
1:2-(1’:2’-Naphth)anthracene, 1290. 

16 9:10-Dihydro-1:2:5:6-dibenzanthracene, 1076. 
C,H, 4-8-Phenylethyl-1:2-dihydrophenanthrene, 1291. 
C,,.H,, Dihydrobenzanthrenespirocyclohexane, 195. 

1-(B-9’-Phenanthrylethyl)-4'-cyclohexene, 194. 2183 
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C,.H,, 2-Methyl-1-(8-1’-naphthylethyl)-5-isopropyl-4!-cyclohexene, 513. 
Methylisopropyloctahydrochrysene, 513. on 


C..H,,0, 1:2:3:4-Dibenzphenanthraquinone, 196. 
1:2-(1’:2’-Naphth)anthraquinone, 1290. 
C,,H,,0 3-Methyl-1:2:5:10-dibenz-9-anthrone, 510. 
C..H,,0 4-Methyl-1:1’-dinaphthyl ketone, 510. 
eeH,,0, 4-3’:4’-Dimethylbenzoylfluorenone, 1564. 
C..H,,0, w-Benzoyloxy-w-benzoylacetophenone, 1580. 
eoH,,0 1-Phenyl-2-p-anisylindene, 724. 
e2H,,0, 2-Dimethylbenzoyldiphenyl-2’-carboxylic acids, 1564. 
C,.H,,0, 2-p-Ethoxybenzoyldipheny]-2’-carboxylic acid, 1565. 
B-Hydroxy-a-benzo loxy-8-phenylpropiophenone, 1580. 
2-Hydroxydimethylbenzoyldiphenyl-2’-carboxylic acids, 1566. 
C..H,,0, «aaf-Triphenylbutyric acid, 729. 
CoxH 90, 0 ee 1580. 
C..H.,0, a-Acetyl-ay-bis-(3:4-methylenedioxybenzyl)butyrolactone, 802. 
224.20; Diphenyl-p-anisylpropane-2:3-diols, 724. 
22H..0, 6:7-Dimethoxy-1-veratryl-2-methylnaphthalene-3-carboxylic acid, 812. 
B-Veratroyl-a-veratrylidene-n-butyrolactone, 811. 
C..H.,0, 2-(8-Benzoyl-a-p-anisylethyl)cyclohexanone, 1885. 
22H.,0, 6:7-Dimethoxy-2-(3’:4’-dimethoxybenzyl)-3-methylnaphthalene, 1685. 
C,,H,,0, 2:5-Diveratryl-3:4-dimethylfuran, 1684. 
1-Keto-6:7-dimethoxy-2-veratrylidene-3-methy]-1:2:3:4-tetrahydronaphthalene, 1685. 
C,.H,,0, 6:7-Dimethoxy-l-veratryl-2-hydroxymethy]-1:2:3:4-tetrahydro-3-carboxylactone, 810. 
C,,H.,0,, Diacetyl isopropylidene leucodrin, 284. 
eH,,0, O-Dimethyltetrahydrorottlerone, 311. 
Methyl | di pe + oan, pane 399. 
Methyl By-di-p-tolyladipate-a, 398. 
C,,H,,0; 1-Keto-6:7-dimethoxy-2-(3’:4’-dimethoxybenzyl)-3-methyl-1:2:3:4-tetrahydronaphthalene, 1685. 
egHa,0, ay-Bis-(3:4-dimethoxybenzyl)butyrolactone, 803. 
6:7-Dimethoxy-1-veratryl-3-methyl-1:2:3:4-tetrahydronaphthalene-2-carboxylic acid, 813. 
By-Diveratroylbutane, 1684. 
Matairesinol dimethyl ethers, 797. 
Methy] 6:7-dimethoxy-1-veratryl-1:2:3:4-tetrahydronaphthalene-3-carboxylate, 813. 
(H.-N, 1:5-Dipheny OA pew ene: hydrochloride of, 1238. 
C..H,,0, 9:10-Diketo-octadecahydro-1:2:5:6-dibenzanthracene, 62. 
C..E,,0, 4-Hydroxy-l-veratryl-6:7-dimethoxy-2:3-dimethy]-1:2:3:4-tetrahydronaphthalene, 1684. 
eeHle,0, y-Hydroxy-ay-bis-(3:4-dimethoxybenzyl)butyric acid, 804. 
l-n- and d-isoMatairesinolic acid dimethyl ethers, 804. 
C..H;,0, §8-Bis-(1’:3’-diketo-5’:5’-dimethyl-2’-cyclohexyl)ethylbenzene, 2007. 
e2H3,0, Dimethyl O-methylhomo-estric acid, 2000. 
22Hs,0, «d-Diveratryl-fy-dimethylbutane-ad-diol, 1684. 
C..H;.0, Docosahexaenoic acid, 427. 
esH;,N 2-n-Heptadecylpyridine, and its salts, 683. 
e2H.,0, Ethyl stearoylacetate, 1378. — 


C..H,,0,N, 3-Nitro-5-p-acetamidoanilino-7-methoxyacridine, 305. 
2aHys Br, 4-Bromo-1-hydroxy-2-naphthyl a-bromo-f-ethoxy-f-3:4-methylenedioxyphenylethyl ketone, 
118. 
C..H,,0,N, 3-Nitro-5-p-phenetidino-7-methoxyacridine, 305. 
C.,H.,ON, 1:3-Diphenyl-5-p-anisylpyrazole, 1883. 
C,,H,,0.N, 3-Amino-5-p-acetamidoanilino-7-methoxyacridine, 305. 
. 4Br, 4-Bromo-1l-hydroxy-2-naphthylbromo-f-ethoxy-B-p-anisylethyl ketone, 2119. 
C..H,,0,.N, 3-Amino-5-p-phenetidino-7-methoxyacridine, 305. 
C,,H,,N,Cl 9-p-Dimeth on 1-10-methylphenanthridinium chloride, 394. 
. 9-p-Dimethylaminopheny]-10-methylphenanthridinium iodide, 394. 
9-Phenanthridyl-p-phenyltrimethylammonium iodide, 394. 
O.N, 6:7-Dimethoxy-1-veratrylnaphthalene-3-aldehyde semicarbazone, 812. 
Dibromo-d-isomatairesinol Aimethy! ether, 804. 
1-Methyl-1-(y-ketobutyl)cyclopentanone bis-2:4-dinitrophenylhydrazone, 1098. 
2 Dinitro-d-isomatairesinol dimethyl ether, 804. 
Methy) a-piperidino-8-benzoyloxy-8-phenylpropionate, hydrochloride of, 658. 
C,,H,,0,8 3-p-Toluenesulphony! 4:6-benzylidene 2-methyl methylgalactosides, 1199. 
1-Pheny]-5-p-anisyl-3-8-diethylaminoethylpyrazoline, and its tartrate, 1239. 
CrsHO.N 3 1-Phenyl-5-(3’-methoxy-4’-ethoxypheny])-3-8-dimethylaminoethylpyrazoline, and its salts, 


C,,H,,ON, alloMethyldihydrochanodihydrostrychnidine, 1483. 
C,.H,,0,N, Octadecenol pyruvic ester semicarbazone, from sarsaparilla root, 2042. 


22 IV 


C,,H,,ON,.Cl Cp Sestoanieernenys 30 naiatehennnineaem: chloride, 394. 
C,.H,,0,ND, Phenyl-a8-dideuteroethylcarbinyl p-xenylurethane, 1073. 
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C..H.,0CLFe 4:6-Diphenyl-2-n-amylpyrylium ferrichloride, 1991. 
C.2H.,ONI desazaStrychnidine methiodides, 1482. 


C,, Group. 
C,;H., 1:3-Diphenyl-2:3-dimethylindene, 726. 
C.;H,. 1:3-Diphenyl-2:3-dimethylhydrindene, 726. 
1-Phenyl-2-benzyl-1-methylhydrindene, 726. 


23 
C.;H,,0, 1:12-Benzperylene-1’-carboxylic acid, 1291. 
C.;H,,0, 1:2:3:4-Dibenz-10-phenanthroic acid, 196. 
1:2:5:6-Dibenz-9-phenanthroic acid, 1289. 
3-(9’-Phenanthryl)coumarin, 196. 
C.;H,,0 2-Benzylidene-3-phenyl-3-methyl-1-hydrindone, 726. 
C.;H,,0, 3:4-Benz-5:6-tetramethylene-10-phenanthroic acid, 1290. 
5:6:7:8-Tetrahydro-1:2-(1’:2’-naphtha)-3-anthroic acid, 1290. 
C,;H.,0 1:3-Diphenyl-2-methyl-l-indenol, 726. 
C,;H.,0, 2-2”:4’:6”-Trimethylbenzoyldiphenyl-2’-carboxylic acid, 1564. 
Dehydro-f-toxicarol, 529. 
C.;H..0, Mutarotenone, 525. 
d-isoRotenone, 526. 
C.:H..0, Dehydrodihydro-f-toxicarol, 529. 
-Toxicarol, 528. 
-a-Toxicarol, 532. 
C,;H,:0,, Tetra-acetyl dibromoleucodrin, 286. 
C.,;H,,0, «-(8-9-Phenanthrylethyl)pimelic acid, 195. 
C.;H.,0, d-Dihydrodeguelin, 526. 
d-Dihydroepirotenone, 526. 
Methyl 6:7-dimethoxy-1-veratryl-2-methylnaphthalene-3-carboxylate, 812. 
C.,;0,,0, J-Dihydro-a-toxicarol, 534. 
Dihydrotoxicarols, 529. 
C.;H,,0,, Tetra-acetyl leucodrin, 285. 
C.;H.,0,; 2-(8-p-Toluoyl-a-p-anisylethyl)cyclohexanone, 1885. 
. 3 5-Phenyl-1-p-tolyl-3-8-piperidinoethylpyrazoline, hydrochloride of, 1239. 
1-Piperidino-5-phenyl-4‘-penten-3-one p-tolylhydrazone, hydrochloride of, 1238. 


23 I 


C,;H,,0,N, Nitro-1-cinnamoylcoumarono(2’:3’:3:2)indole, 1217. 
236,,0,N 1-Cinnamoylcoumarono(2’:3’:3:2)indole, 1216. 
C,;H,,0,Br a-2-(1-Bromonaphthy])-8-1’-naphthylacrylic acid, 1289. 
C,,H,,0,N 0-Nitro-a-(9-phenanthryl)cinnamic acid, 196. 
C,;H,,0,N, Nitroacetoxy-1-benzoyl-2:3-dihydrocoumarono(2’:3’:3:2)indole, 1217, 
o-Amino-a-(9-phenanthryl)cinnamic acid, 196. 
3’:4-Diketotetrahydro-1:2-cyclopentenophenanthrene 2:4-dinitrophenylhydrazone, 1995. 
a-2-(1-Bromonaphthy])-8-6’-(1’:2’:3’:4’-tetrahydronaphthyl)acrylic acid, 1290. 
C.;H.,ON, 2-p-Tolyl-3-p-methoxybenzylquinoxaline, 1884. 
C.:H.,0;N, 3-Acetamido-5-p-anis:dino-7-methoxyacridine, 305. 
sH,,0,,N, Ethyl 4-methoxycyclohexanone-2-glyoxylate bis-2:4-dinitrophenylhydrazone, 60, 
C.;H,,0,Te /-Menthyl phenoxtellurinecarboxylate, 42. 
C,;H.,0,N, Ethyl a-piperidino-8-benzoyloxy-8-p-nitrophenylpropionate, and its hydrochloride, 659. 
CrsHy ON, 1-Phenyl-5-(3’:4’-methylenedioxypheny])-3-8-piperidinoethylpyrazoline, hydrochloride of, 


C.:H.,0,N desazaBrucidine, 1489. 
C.:H.,0,N Ethyl a-piperidino-8-benzoyloxy-8-phenylpropionate, hydrochloride of, 658. 
C.;H,,0,,N 1:3:4:6-Tetra-O-acetyl N-acetylsalicylidene glucosamine, 1499. 
fs ,.N, Ethyl a-piperidino-8-benzoyloxy-8-p-aminophenylpropionate, dihydrochloride of, 659. 

C.:sH.,ON;,; 1-Phenyl-5-p-anisyl-3-f-piperidinoethylpyrazoline, a § its salts, 1240. 

1-Phenyl-5-(2’-methoxypheny])-3-8-piperidinoethylpyrazoline, hydrochloride of, 1573. 
C.;H.,0.N, 1-Phenyl-5-vanillyl-3-8-piperidinoethylpyrazoline, 1571. 
C,;Hs)0) N(6)N(6)-Dimethyldesbisneostrychnidine, 1478. 

'N(b)N(6)-Dimethyldesneostrychnidine, 1479. 

N(b)N' mea a 1486. 
C.sHn OMe . 1-Diethylamino-5-(3’:4’-dimethoxypheny])-4‘-penten-3-one phenylhydrazone, hydrochloride 

ol, 


1-Phenyl-5-(3’:4’-dimethoxypheny])-3-8-diethylaminoethylpyrazoline, 1569. 
1-p-Tolyl-5-(3’-methoxy-4’-ethoxypheny]l)-3-8-dimethylaminoethylpyrazoline, hydrochloride of, 1571. 
1-p-Tolyl-5-(4’-methoxy-3’-ethoxyphen Ee eae hydrochloride of, 1570. 
(,,H.,0N Dihydrodimethyldesstrychnidine-D, 1486. 
C.;H;,0,N, Dihydrobrucidine-D, 1471. 
as3Hy,NCl 1-Octadecyipyridinium chloride, 683. 
C.;H,,.NI 1-Octadecylpyridinium iodide, 683. ose 


C.;H.; e 4:6-Di aenet Sherrer ee ferrichloride, 1991. 
C.:H;,ON,I N(b)-Methylchanodihydroneostrychnidine methiodide, 1476. 
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C,, Group. 
C,,H,, 1:3:5-Triphenylbenzene, preparation of, from acetophenone, 1467. 
24 


C.,H,,0, 9-Phenylnaphthacene-11:12-quinone, 1150. 
1:4-Diphenylnaphthalene-2:3-dicarboxylic anhydride, 1149. 
2-Naphthoyldiphenyl-2’-carboxylic acid, 1564. 
'e4H,,0, 5-Benzoyloxy-6-benzoyl-4-methylcoumarin, 1427. 
C..H,.0, 2-4’-Hydroxy-2”-methyl-5”-isopropylbenzoyldipheny]-2’-carboxylic acid, 1566. 
C.,H,,O, Ethyl 8-benzhydryl-8-phenylpropionate, 729. 
20, 1:3-Diphenyl-2-p-anisylpropane-2:3-diol acetate, 724. 
24H.,0, Deguelin methyl ether, 739. 
Mutarotenone methyl ether, 738. 
dl-isoRotenone methyl] ether, 738. 
C.,H.,N, 4:4’-Azo-5:7:5’:7’-tetramethylquinaldine, 976. 
e4H.,0, Dihydrodeguelin methyl ether, 739. 
C.,H.,0, Dihydro-a-toxicarol methyl ether, 740. 
e4H.,0, 9-Benzyl-3:3:6:6-tetramethyloctahydroxanthen-1:8-dione, 2007. 
p-Phenylphenacyl ee ee 775. 
C.,H.,0, Dihydro-a-toxicarol dihydrodimethyl ether, 740. 
cis-3-Hydroxy-4*?-choladienic acid, 228. 
cis-3- Hydroxy-7-keto-45-cholenic acid, 226. 
3:7-Dihydroxy-45-cholenic acid, 227. 
4H,,0, 3:5-Dihydroxy-6-ketocholanic acid, 227. 
4 2-n-Nonadecylpyridine, and its salts, 683. 
C.,H,,0, Ethyl stearoylacetoacetate, 1378. om 


C.,H,,0,.N, 1:10-Dihydroxy-3:8-diphenyl-y-phenanthroline, 478. 

C,,H,,ON Diphenyldihydronaphthoxazines, 340. 

C.,H,,ON,; 1p Selpt-5-p-cnlen-3--alpechiinesthiatarteniiine, hydrochloride of, 1240. 

C.,H,,0,N, 3-Acetamido-5-p-phenetidino-7-methoxyacridine, 305. 

Ascaridole a-glycol di-p-nitrobenzoate, 832. 
3’:4-Diketo-7-methoxytetrahydro-1:2-cyclopentenophenanthrene 2:4-dinitrophenylhydrazone, 


2444143 
24-4163 


2444363 
2aHs,0, 
2444384 


244424 2 
2atdegUeNy 
1996. 
C,,H,,0,N, cis-1:4-Terpin di-p-nitrobenzoate, 832. 
C,,H,,0;N p-Nitrobenzyl podocarpate, 1010. 


C.,H,,0,N Methyl a-piperidino-§f’-phenylpropoxy-8-phenylpropionate, hydrochloride of, 659. 
isoPropyl a-piperidino-8-benzoyloxy-8-phenylpropionate, hydrochloride of, 659. 
C,,H;,,0N, 1-Phenyl-5-(2’-ethoxypheny])-3-f- ee ee hydrochloride of, 1573. 


5-Phenyl-1-p-ethoxyphenyl-3-f-piperidinoethylpyrazoline, hydrochloride of, 1239. 
1-Pheny]-5-(3’:4’-dimethoxy pheny])-3-8-piperidinoethylpyrazoline, 1569. 
Methoxy-N(b)N(b)-dimethyldihydrochanodihydrobisneostrychnidine, 1479. 
2-Hydroxy-5-methoxyisovalerophenone ketazine, 2069. 

ON, 1-Phenyl-5-p-anisyl-3-8-di-n-propylaminoethylpyrazoline, 1239. 

3 1-Phenyl-5-(4’-methoxy-3’-ethoxypheny])-3-8-diethylaminoethylpyrazoline, 1570. 
C.,H;,0,N Propyl a-piperidino-B-benzoyloxy-8-phenylpropionate, hydrochloride of, 658. 
0,,H;,0.N, Methoxy-(6)N(b). imethyldihydrochanotetrahydrostrychnidine, 1481. 

Methoxydimethyldihydrochanotetrahydrostrychnidines, 1480. 

C.,H,,.0,Te /-Menthyl tellurodiacetate, 345. 
C.,H,,0,Te /-Menthy] tellurodiacetate hydroxyperhvdrate, 347. 


24 IV 


C.,H,,OC1,Fe 4:6-Diphenyl-2-benzylpyrylium ferrichloride, 1991. 
C.,H,,0.N,Re 2:2’-Dipyridyl hydrogen rheniumdioxocyanide, 1860. 
24H2,0.N,Cl Diacetamidophenyl-10-methylphenanthridinium chlorides, 395. 

C.,.H,;0N,Cl N(b)N(6)-Dimethyldesbisneostrychnidine methochloride, 1477. 
N(6)N(6)-Dimethyldesneostrychnidine methochloride, 1478. 

C,,H,,ON,I N(5)N(6)-Dimethyldesstrychnidine-D methiodide, 1486. 
N(6)N(6)-Dimethyldesbisneostrychnidine methiodide, 1477. 
N(b)N(b)-Dimethyldesneostrychnidine methiodide, 1478. 

C.,H;,ON,I, N(b)-Methylchanodihydroneostrychnidine dimethiodide, 1476. 
allo- N(6)-Methyldesdihydrostrychnidine dimethiodide, 1485. 

C,,H;,ON,I Dihydrodimethyldesstrychnidine-D methiodide, 1486. 
N(b)N(b)-Dimethyldesdihydrostrychnidine-D methiodide, 1480. 
N(6)N(6)-Dimethyldesdihydrobisneostrychnidine methiodide, 1481. 

C.,H;,ON,I, N(b)-Methyldihydrochanodihydrostrychnidine dimethiodide, 1480. 

C,,H,,0,BrTe a een ane a eH bromide, 345. 

C.,.H,.O,NAs p-Arsonohexadecanedicarboxylanilic acid, and its sodium salt, 444. 


C,, Group. 


C,;H,,N, 2:6-Di-6’-(2’:2’-dipyridyl)pyridine, 1671. 
C,;H,.0, Ethyl 6-phenyl-4-8-naphthyl-4*-cyclohexen-2-one-1-carboxylate, 1885. 
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C.;H..0, Ethyl 6-phenyl-4-(1’-hydroxy-2’-naphthyl)-4*-cyclohexen-2-one-l-carboxylate, 1885, 
C.;H..0, Acetyldehydro-f-toxicarol, 529. 
lepHlegO, 2-(8-Naphthoyl-a-phenylethyl)cyclohexanone, 1885. 
52,0, Acetyldehydrodihydro-f-toxicarol, 529. 
Acetylsumatrol, 530. 
Acetyl-l-a-toxicarol, 533. 
6. Toxicarol dimethyl ether, 739. 
Dihydro-a-toxicarol tetrahydro-dimethyl ether, 740. 
Tetramethy] 4:4:4’:4’-tetramethylbis-1:1’-spirocyclopentene-2:3:2’:3’-tetra-acetate, 352. 
Triacetyltetrahydroflavoglaucin, 2061. 
Methyl 3:7-dihydroxy-45-cholenate, 227. 


25 I 


C.;H,,0,N, Nitro-3-benzoylcoumarono(2’:3’:1:2)-8-naphthindole, 1217. 

C.;H,,0,N 3-Benzoylcoumarono(2’:3’:1:2)-8-naphthindole, 1217. 

C.;H,,0,N. Nitroacetoxy-1-cinnamoyl-2:3-dihydrocoumarono(2’:3’:3:2)indole, 1217. 

C,;H. N,Cl s-(6-Amino-2-quinolyl methochloride)-5-acridylethene, hydrochloride of, 656. 

C.;H,;0,.N Ethyl 3-phenyl-1:2-trimethylene-2:3-dihydro-B-naphthaquinoline-2-carboxylate, 340. 

C.;H,,0,N Ethyl 2-a-2’-naphthylaminobenzyleyclopentan-l-one-2-carboxylate, 340. 

C.;H..0,N, 2-Keto-10-methyldecahydrochrysene 2:4-dinitrophenylhydrazone, 1857. 

C,;H.,0,Br, 4:7:4’:7’-Tetrabromo-5:6:5’:6’-tetramethoxy-3:3:3’:3’-tetramethylbis-1!:1’-spirohydrindene, 
352. 


C.;H;,0,N Butyl a-piperidino-B-benzoyloxy-8-phenylpropionates, and their hydrochlorides, 659. 
C.;H;,0N; 1-Piengl-6-42'-0-geepony phenyl) 9-0-pipssidinedtiyien vanalinn, hydrochloride of, 1573. 
C,;H;,0,.N, 1-Phenyl-5-(3’-methoxy-4’-ethoxypheny])-3-8-piperidinoethylpyrazoline, hydrochloride of, 
1571. . 
oan sie tens 5 oe hee hydrochloride of, 1570. 
C.;H;,0,N, Dihydroflavoglaucin 2:4-dinitrophenylhydrazone, 2060. 
2-Hydroxy-5-n-amyloxyoctophenone 2:4-dinitrophenylhydrazone, 2071. 
C.;H;,0,N, Tetrahydrodimethyldesbrucidine, 1489. 
C.;H;,0,N;, cis-3-Hydroxy-7-keto-45-cholenic acid semicarbazone, 226. 
C.;H,,0;N, 3:5-Dihydroxy-6-ketocholanic acid semicarbazone, 227. 


25 IV 


C.;H,,O0C1,Fe 4:6-Diphenyl-2-styrylpyrylium ferrichloride, 1991. 
C.;H,,0,N,8 d-Dianhydrohexosazone p-toluenesulphonate, 1385. 
C.;H;,ON.Cl, N(5)N(6)-Dimethyldesbisneostrychnidine dimethochloride, 1478. 
C.;H;,ON,I, N(b)N(b)-Dimethyldesbisneostrychnidine dimethiodide, 1478. 
Dimethyldesstrychnidine-D dimethiodide, 1487. 
C.;H;,0;N.8 N(b)N(b)-Dimethyldesbis»eostrychnidine methosulphate, 1478. 
aS : 18-Chloro-octadecylphenylurethane, 1681. 
sH,,0,NAs Methyl p-arsonohexadecanedicarboxylanilate, 444. 


C,, Group. 


C.,H,,0; 3’-Benzoyl-2’-phenyl-4-methylchromono-7’:8’:6:5-a-pyrone, 232. 
C..H, 0,4 tb it-o lepdotameisantivenens>-cohensiie acid, 1568. 

C.,H,,0, 2:2’-Bis-2’:4’-dihydroxybenzoyldiphenyl, 1567. 

C.,H.,N 2-Keto-1:3:3:4-tetraphenyltrimethyleneimine oxide, 208. 

C..H; 1-Anilino-1:1:2-triphenylethane, 208. 

C,,H,,0, Ethyl 6-p-anisyl-4-8-naphthyl-43-cyclohexen-2-one-l-carboxylate, 1885, 
2-(B-Naphthoy]-a-p-anisylethyl)cyclohexanone, 1885. 

. 2 Duroquinol cetyl ether, 257. 

C..H,,0, 5-Hydroxy-4:6:7-trimethyl-2-n-pentadecylcoumarone, 1380. 


C..H,,0,Cl, -Chlorophenyl diphenate, 1565. 
160,Br, p-Bromopheny]l diphenate, 1565. 
C.,H..NC] 1-Chloroanilino-1:1:2-triphenylethane, 208. 
C.,H..N,Cl s-(6-Amino-2-quinoly] ethochloride)-5-acridylethene, hydrochloride of, 657. 
C.,H,,0ON 2-Anilino-1:1:2-triphenylethyl alcohol, 208. 
C.,H,,0,N 1-Dibenzylamino-5-p-anisyl-4‘-penten-3-one, hydrochloride of, 1240. 
C.,H;,0,N, Tetra-acetyl d-gulosazone, 1385. 
Tetra-acetyl /-sorbosazone, 1386. 
C.,H;,N,I 2:4-Bis-(p-dimethylaminostyryl)pyridine methiodide, 1455. 
C,,H;;0,N isoAmy! a-piperidino-8-benzyloxy-8-phen ——- 659. 
C.,H;,ON, 1-Phenyl-5-(2’-n-butoxylphenyl)-3-8-piperidinoethylpyrazoline, hydrochloride of, 1574. 
C,,H;;0,N, 1-p-Tolyl-5-(3’-methoxy-4’-ethoxypheny]l)-3-8-piperidinoethylpyrazoline, hydrochloride of, 
1571. 


PAG Tih deohaviglounin methyl ether £4 daltephesg razoline, hydrochloride of, 1571. 
4 


C.,H;,0 Dihydroflavoglaucin methyl ether 2:4-dinitrophenylhydrazone, 2060. 
2-Hydroxy-5-methoxy-3- and -4-n-amyloctophenone 2:4-dinitrophenylhydrazones, 2067. 
2-Hydroxy-5-methoxy-4-isoamyloctopherone 2:4-dinitrophenylhydrazone, 2069. 

C.,H;,ON; ei i 1240. 
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26 IV 


C,,H,,0,C1,Se, 5:5’-Dicarboxy-2:2’-di-(2’:4’-dichlorophenoxy)dipheny] diselenide, 35. 

C..H,,0,Cl,Fe 8:4’-Dimethoxyphenanthracyclopentadienochromylium ferrichloride, 1395. 

C,,H;,0,N,8, 1-p-Toluenesulphonamido-2:2-bis-p-toluenesulphonamidomethylcyclopropane, 1595. 
N -p-Toluenesulphony1-3:3-bis-p-toluenesulphonamidomethyltrimethyleneimine, 1591. 

C,,.H,,0;N,I Tetrahydrodimethyldesbrucidine methiodide, 1489. 

CooH;,0,P,Pd Oxalatobis-n-butylphosphinepalladium, 2092. 


26 V 


C.,.H;,0,N,CIS, Chloromethyltris-p-toluenesulphonamidomethylmethane, 1594. 
egHs20,N,;BrS, Bromomethyltris-p-toluenesulphonamidomethylmethane, 1594. 
C..H,,0,C1,P,Pd, Dich!orobistri-n-butylphosphine-y-oxalatodipalladium, structure and reactions of, 2086. 


C,, Group. 
C,,H,.0,, 5:6:7:8:3’:4-Hexa-acetoxyflavone, 1005. 
Methy] cis-3-acetoxy-45*’-choladienate, 228. 


27444074 


C.,H,.O;, Methyl cis-7-keto-3-acetoxy-45-cholenate, 226. 
C.,H,.0, 5-Methyl-4**-norcholestene-3:6-dione, 680. 
5-Hydroxy-3-palmitoyl-4:6:7-trimethylisocoumaranone, 1380. 
27Hy.0, Methyl 5-hydroxy-6-keto-3-acetoxycholanate, 227. 
C.,H,,0, Cholestane-2:3-dione, 355. 

- 3 3:7-Dihydroxy-6-keto-4‘-cholestene, 106. 
C.,H,,0 6-Ketocholestane, 1408. 


27 24 


27 I ° 


C.,H,,0,,Cl, Tetra-acetyl dichloroleucodrin, 286. 

C,.H..N.Cl s-(6-Dimethylamino-2-quinolyl methochloride)-5-acridylethene, 657. 
C.,H,,N,I s-(6-Dimethylamino-2-quinolyl methiodide)-5-acridylethene, 657. 
C,,H,,0,,Br, Tetrapropionyl dibromoleucodrin, 286. 

C,,H,,ON Heterocholestenone oxime, 760. oe 


C.,H,,0N,Cl s-(6-Acetamido-6-quinolyl methochloride)-5-acridylethene, 656. 
C.,H,,0N,I s-(6-Acetamido-2-quinolyl methiodide)-5-acridylethene, 656. 
C.,H,,0;N.I, N(b)N(b)-Dimethyldesbrucidine dimethiodide, 1489. 


C,, Group. 


C.sH,, Ergostatetraene, 875. 
, 28 I 


C,,H,,.N, 1:2:3:4-Dibenzphenanthraquinoneazine, 196. 
C,,H.,0, Bishydroxytoluoyldiphenyls, 1566. 
esH,,0, Butyl mae y = 1:4-diphenylnaphthalene-2:3-dicarboxylate, 1149. 
C.,H,,0, Diphenacyl 4“!°-octahydronaphthalene-1:2-dicarboxylate, 62. 
C,,H,,O0 Ergostatetraenone, 875. 
C.,H,,0 isoErgostatrienone, 875, 
Lumistatrienone, 875. 
C,,H,,0, 6-Keto-7-methoxy-4**?-cholestatriene, 107. 
C,,H,,0 epiLumisterol, 875. 
C.,H,,0, Hydroxymethylenecholestanone, 357. 
5-H ydroxy-4:6:7-trimethyl-2-n-heptadecylcoumarone, 1379. 
C.,H,,0, 5-Hydroxy-4:6:7-trimethyl-2-n-heptadecylcoumaran, 1380. 


28 II 
C.,H,,0,.N 2-Keto-3:3:4:4-tetraphenyl-1-methyltrimethyleneimine oxide, 208. 
esH,,0,,N, 4-Acetyl 6-triphenylmethyl B-methylglucoside 2:3-dinitrate, 837. 
C,.H.,0,N Benzyl a-piperidino-B-benzoyloxy-8-phenylpropionate, hydrochloride of, 659. 
28 IV 
C,,H,,ON,I s-(6-Acetamido-2-quinolyl ethiodide)-5-acridylethene, 656. 
C,,H,;ON,Cl, 8-(6-Acetamido-2-quinolyl methochloride)-5-(acridyl methochloride)ethene, 656. 
28 V 
C..H,,C1,8,P,Pd, Dichlorobis (tri-n-butylphosphine)-p-bisethylthioldipalladium, 1953. 


C,, Group. 
C.,H,, Nor-8-boswellene, 687. 
: 29 II 
C.,H,,0, 6-Keto-3-acetoxy-4**-cholestadiene, 106. 
C,,.H,,0, Methyl 6-keto-3:5-diacetoxycholanate, 226. 
C.,.H,,0, Tetra-ethyl 4:4:4’:4’-tetramethylbis-1:1’-spirocyclopentene-2:3:2’:3’-tetra-acetate, 352. 
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C..H,,0 Nor-f-boswellenone, 687. 

C..H,,0, Ethyl 5-h hays Me - 7-trimethy]-2-n-pentadecylcoumarone-3-carboxylate, 1380. 
Nor-8-boswellanedione, 1718 

C..5H,,0,; Cholestane-2:3- dione acetate, 356. 

C..H,.0, 7-Hydroxy-6-keto-3-acetoxy-4‘-cholestene, 106. 
5-Hydroxy-3-stearoyl-4:6:7-trimethylisocoumaranone, 1379. 
5-Hydroxy-4:6:7-trimethy]-2-n-heptadecylcoumarone-3-carboxylic acid, 1379. 

C..H,,0 Nor-f-boswellenol, 1717. 

C.5H,,0, Nor-f- boswellanonol, 1717. 

e9HysO; 3-Hydroxy-6-keto-7-ethoxy-4‘-cholestene, 107. 

C.>H;,0, a- and £-Tocopherols, structure of, 253. 

9H 5,0, 3-Hydroxy-6-keto-4:5-dimethoxycholestene, 1408. 


29 I 


C..H;,0,N, Leucodrin dihydroxybisbenzylamide, 285. 
C.9H;,0;N, vy-Bis-(6:7-dimethoxy-3:4- dikydr droisoquinolyl)dibuty] ketone, picrate of, 2120. 
2 6-Ketoazelaodi-8-veratrylethylamide, 2120. 
C.>H,,ON, Ergostatetraenone semicarbazone, 875. 
4s0N, Lumistatrienone semicarbazone, 875. 
C..H,,0,Br 4-Bromo-6-keto-3-acetoxy-4‘-cholestene, 1407. 
C.,H,,0;Br, Dibromo-7-ketocholestanyl acetate, 337. 
4:5-Dibromo-6-ketocholestany] acetate, 1407. 
Dibromo-6-ketocholestanyl acetates, 105. 
C..H,,ON Nor-8-boswellenone oxime, 687. 
C.oH,,0,Br a- and £-6-Bromo-7-ketocholestanyl acetates, 336. 


Cz, Group. 


Cy.H;, Lupenes, 332. 
Cy.H;, Lupane, 332. 


30 


9:10-Diphenylnaphthacene-11:12-quinone, 1150. 
9:10- Sikodsmetuheentd 9:10-dihydronaphthacene-11:12-quinone, 1149. 
11-Hydroxy-12-keto-9:11-diphenyl-11:12-dihydronaphthacene, 1150. 
11:12- ih ydroxy- 9:10-diphenyl-9:10-dihydronaphthacene oxide, 1150. 
6:6’-Di- 6” (2”:2’’’-dipyridyl)-2:2’-dipyridyl, 1672. 
O- Tribenzoy!- a-phen leyeero 1581. 
2:2’-Bis-2”:5’’-dimethylbenzoyldi phenyl, 1564. 
2:2’ -Eidodvonsthentnathonsatll phenyls, 1566. 
2:2’-Bis-2”:4’’-dimethoxy benzo diphenyl. 1567. 
Ethyl yo-dibennepb-o-ghengl-a- butane Ii -aliebenyinte, 47. 
Ergostatetraenone enol-acetate, 876. 
Ergostatrienone enol-acetate, 875. 
tsoErgostatrienone enol-acetate, 876. 
Lumistatrienone enol-acetate, 876. 
epiLumisterol acetate, 875. 
Taraxol, 2045. 
Taraxol oxide, 2045. 
f-Amyrenol, 1236. 
Ursolic acid, conversion of, into a-amyrin, 999. 
C.H;.0 Lupanone, 332. 
ol, constitution of, 329. 
araxasterol, 2046. 
Taraxerol, 2046. 
Lupanedicarboxylic acid, 332. 
Lupenone hydrazone, 332. 
Lupanone hydrazone, 332. 
30 II 
Cs9H2.0 4:4’. Dihydroxy-2:2’-diphenyl-6:6’-diquinolyl, 477. 
Cookies * 9:3:6- Tripheny]l-4-p-anisylpyridine, 1885. 
vsityt Ethyl 1:7-dihydroxy-3:9-diphenylphenanthroline-2:8-dicarboxylate, 477. 
HD Se, 1:10-dihydroxy-3:8-diphenyl--phenanthroline-2:9-dicarboxylate, 478. 
5:5’-Dicarboxy-2:2’-di-(4’-m-xylenoxy)dipheny] diselenide, 36. 
CcH40,te l-Menthyl n-butyltelluroacetate dibenzoate, 346. 
OS Substance, from dehydrogenation of f-amyrin with sulphur, 1313. 
OH OLN Nor-B-boswellanedione a-methyloxime, 1718. 
C,.H;,ON Lupanone oxime, 332. 


30 IV 


C,.H.,0,.N,Re Phenanthridinium hydrogen rheniumdioxocyanide, 1860. 
OnE Oot Bs s-(6-Acetamido-2-quinolyl methosulphate)-5- ene rh - tine eeeatenirnetearat 656. 
,O,N.As, Hexadecanedicarboxylanilide-pp’-diarsonic acid, 44 
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30 V 


C,,.H,,0,N,Cl,.Ru, Dichloronitroso-2:2’:2”-tripyridylruthenium nitrosoruthenium pentachloride, 1678. 
C,,.H;,018,P,Pd 4-Chloro-o-phenylenedithiolbis(tributylphosphine)palladium, 1954. 


C,, Group. 


C,,H,,0, 1:5-Diketo-1:2-dipheny]-3-p-anisyl-5-p-tolylpentane, 1885. 
C,,H,,0, 1:5-Diketo-1:5-diphenyl-2:3-di-p-anisylpentane, 1885. 
1:5-Diketo-3-phenyl-5-o-hydroxyphenyl-2-p-anisy]-1-p-tolylpentane, 1885. 
C,,H,,0, Methyl 9 biewellendibnate, 1716. 
C,,H,,0, Methyl B-boswellenonolate, 1716. 
31H590, Nor-8-boswellenyl acetate, 1717. 
C,,H,.0, Methyl £-boswellate, 687. 
Nor-8-boswellanonyl acetate, 1717. 
C,,H,,.0, Ethyl 5-hydroxy-4:6:7-trimethyl-2-n-heptadecylcoumarone-3-carboxylate, 1379. 
6-Keto-3-acetoxy-7-ethoxy-4*-cholestene, 107. 
C,,H,;,0, 6-Keto-3:5’-diacetoxycholestane, 107. 
31 OI 


C,,H,,0,Br 7-Bromo-6-keto-3:5’-diacetoxycholestane, 106. 


C,, Group. 


C,.H,,.N, Phthalocyanine, magnetic anisotropy of, 364; metallic salts, 1157. 

1:4:5-Tribenzoyl-2-phenylcyclopentadiene, 47. 

1:5-Diketo-5-pheny]-2:3-di-p-anisyl-1-p-tolylpentane, 1885. 

Taraxyl acetate, 2045. 

Taraxyl acetate oxide, 2045. 

Dehydro-8-amyreny] acetate, 1236. 

Acetylursolaldehyde, 1000. 
B-Amyrenony] acetate, 1236. 

C,.H;,0, -Taraxasteryl acetate, 2046. 
Taraxeryl acetate, 2046. 

C,.H;,0, Lupanyl acetate, 332. 


s2Hy205 
3soV4 


32 I 
C;,H..0,N, 4:4’-Dihydroxy-2:2’-diphenyl-6:6’-diquinolyl-3:3’-dicarboxylic acid, 417. 
32Hy0,C1 Acetylursoloyl chloride, 1000. 
C;.H,,0,N; Methyl B-boswellendionate semicarbazone, 1716. 
32 IV 
C;.H..0,N,Cu Copper m-hydroxybenzeneazo-f-naphthol, 302. 
C;.H,,0,,.N.8, Tetrakis-p-nitrobenzoyloxymethylcyclotetrathioimine, 1597. 
32 V 
C;.H,,0,;N,8Fe Iron phthalocyanine sulphonic acid, 1766. 


C,, Group. 
C,;H,,0, 1:5-Diketo-2:3-di-p-anisyl-1:5-di-p-tolylpentane, 1885. 
C,;H;,0; Methyl O-acetyl-8-boswellenonolate, 1716. 
33 OI 


C,,H,,N,Cu Copper tetrabenzotriazaporphin, 4. 
C,;H;,0,N, Tetrakisbenzamidomethylmethane, 1592. 
C,;H,,0,N, Acetylursolaldehyde semicarbazone, 1000. 


33 IV 


C,,;H,,N,Cl,Cu Copper trichlorotetrabenzotriazaporphin, 5. 
C;,;H,,0,N,8, Tetrakis-p-toluenesulphonamidomethylmethane, 1591. 


C,, Group. 
C,,H,,0, 6:6’-Dimethoxydibenzanthrone, 2050. 
C,,H,,0, 2:2’-Bis-4’-hydroxy-2”-methyl-5’-isopropylbenzoyldiphenyl, 1566. 
C,,H,,0, Cholestane-2:3-dione benzoate, 356. 
34 I 
C,,H,,0,.N, Diaminodibenzanthrone, 1838. 


C,,H,,0,8 Dye, from 4-hydroxy-3-methoxyanthranol and tetrachlorothiophen, 544. 
C,,H,,0,N, \N’-Bis-(a-dicarbethoxymethylbenzylidene)phenylenediamines, 477. 
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34 IV 


C,,H,,0.N,Cu Cupric m-tolylazo-8-naphthoxide, 299. 
C,,H,,0,N,8 s-(6-Acetamido-2-quinolyl metho-p-toluenesulphonate)-5-acridylethene, 657. 


C,, Group. 


C;;H;,,O §-Benzhydryl-f8-phenylpropionic acid, 729. 
C;;H;,0, 7-Hydroxy-6-keto-3-acetoxy-4‘-cholestene benzoate, 106. 


35 


C,;5H,,0,.N, 5-Ketoazelaodi-8-veratrylethylamide 2:4-dinitrophenylhydrazone, 2120. 
C;;H,,0.N, 5-Methyl-4**-norcholestene-3:6-dione o-tolylsemicarbazone, 680. 
C;,;H,;,ON, Cholestanone o-tolylsemicarbazone, 355. 


‘ Cc 36 Group * 


1:5-Diketo-3’-phenyl-2-p-anisyl-1-p-toly]-5-(2’-methoxy-1’-naphthyl)pentane, 1885. 
Acenaphthylene glycol di-1-menthoxyacetates, 191. 
3-Benzoyloxy-6-keto-4:5-dimethoxycholestane, 1408. 
trans-Tetrahydroacenaphthylene glycol di-1-menthoxyacetate, 192. 


36 I 
C,,H,,0,N, Ethyl 4:4’-dihydroxy-2:2’-diphenyl-6:6’-diquinoly]-3:3’-dicarboxylate, 477. 
36 IV 
C;,H;,0,N,8S, s-(6-Acetamido-2-quinolyl metho-p-toluenesulphonate)-5-acridyl methosulphate)ethene, 
657. 


36 V 
C,,H,,C1,S,P,Pd, 4-Chloro-o-phenylenedithiolbis(tributylphosphine)-y-4-chloro-o-phenylenedithioldipallad- 
ium, 1954. 


C,, Group. 


C;,H;,0, §-Amyrenol benzoate, 1236. 

C,,H;,0, -Taraxasteryl benzoate, 2046. 
Taraxeryl benzoate, 2045. 

C;,H;,0, Lupanyl benzoate, 332. 

37 I 


C,,H,;,0;,N m-Nitrobenzylidenelupanone, 332. 
C,,H,;0,N Taraxasteryl p-nitrobenzoate, 2047. 


C,;, Group. 


C,,H;,0,N,,Re, 2:2’-Dipyridyl rheniumdioxocvanide, 1860. 
C..H,.0.,N,;P, Yeast nucleic acid, constitution of, 1495. 


C,, Group. 
CsoH;,0,N, 5-Methyl-4***-norcholestene-3:6-dione bis-2:4-dinitrophenylhydrazone, 680. 


C,, Group. 
C,.H,.0,N, NN’-Bis-(a-dicarbethoxymethylbenzylidene)benzidine, 477. 


40 IV 
C,,H,,0,N,8, N-p-Toluenesulphonyl-3:3-bis-p-toluenesulphonbenzylamidomethyltrimethyleneimine, 1593. 


C,, Group. 
C,,H;,0, 7-Keto-3:6-dibenzoyloxycholestane, 336. 


C,., Group. 
C,,H,,0, Duroquinol dicetyl ether, 257. 

C,, Group. 
C,;H;,0,N,Re Phenanthridinium rheniumdioxocyanide, 1860. 


C,, Group. 
C,,H,,0,N,8, 1-p-Toluenesulphonbenzylamido-2:2-bis-p-toluenesulphonbenzylamidomethyleyclopropane, 
1595. 
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C;, Group. 
C,,H,,0, 3:3’-Bis-(6-keto-4‘-cholestenyl), 1408, 


C,, Group. 
C,,H,,0,, 5:6:7:8:3’:4’-Hexabenzoyloxyflavone, 1005. 


C;, Group. 
C,;H,,0,N, Nor-8-boswellanediazine, 1718. 
C,, Group. 
C,,H;,0,N,.Re 9-w-Phenanthrylmethyl-N-pyridinium rheniumdioxocyanide, 1860. 


C,, Group. 
CxoHi2, Caoutchene, 223. 
80 I 
CeoH,3,0, Caoutchol, 224. 


ERRATA. 
VoL., 1936. 


Me 
bd 


MeO: 
Formula (II) should be 
CH, 


For “ 1-Keto-7-methory-8-methyl-1 : 2:3 : 4-tetrahydrophenanthrene”’ read “‘ 4-Keto- 
7-methoxy-8-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene.”’ 


CH; 
co CH, 


VoL., 1937. 


For,“ 8% sodium hydroxide solution ’’ read “ methyl alcohol.” 
For,“ C,,H,,0,N ”’ read “ C,,H,,0,;N.” 
For,‘ a-methylglucoside ”’ read “* B-methylglucoside.”’ 


VoL., 1938. 


In formula (X) interchangs the median CHMe and CH,. 
For “a:b:¢ = 2:34:1:247; B= 132°22’” read “a:b:¢ = 2-37: 1: 1-95; 
= 110° 0.” 

Fer “a:b:c = 2-40:1:253; B= 132°59” read “a:b:¢ = 2:36:1:1-97; 
B = 110° 20’.” 

For “‘ MacKenzie ” read “‘ McKenzie.” 

For “ we”? read “ they.” 

For the text as printed, read “ x/2-Sodium hydroxide (256 c.c.) was stirred at 45° 
while 4-iodomethylpiperidine hydriodide (4-5 g.) in water (300 c.c.) was dropped 
in during 2} hours.” 

For “ Proc. Roy. Soc.” read “ P.” 

“en? “ cis-Nitratohydrozodiammnoplatinum’’ read ‘“ cis-Nitrohydroxodiammino- 

inum.” 

For “ 1861—1938 ”’ read “* 1861—1937.”’ 

For “ James E. Bedford ’’ read “‘ James Bedford.”’ 

For “‘ of this year ”’ read “‘ 1937.” 





* From bottom. 
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SYMBOLS FOR THERMODYNAMICAL AND PHYSICO-CHEMICAL 
QUANTITIES AND CONVENTIONS RELATING TO THEIR 
USE, ADOPTED AS RECOMMENDED PRACTICE BY THE 
CHEMICAL SOCIETY. 


(Where two or more symbols separated by commas or semicolons are given for a 
quantity, these symbols are to be regarded as alternatives for which no pre- 
ference is expressed. On the other hand, where two symbols are separated 
by a dotted line, the former is the first preference.) 


1. To be Printed in Black Italic. 
(Certain important physical constants.) 


Faraday’s constant. 
Mechanical equivalent of heat. 
Avogadro’s number. 

foes constant per mol. 
Rydberg’s constant. 


Velocity of light in vacuo. 
Electronic charge (charge equal and opposite in sign to that of an electron). 
Acceleration due to gravity (standard value, if variation from standard is 
significant). 
Planck’s constant. 
Boltzmann’s constant. 
m_ Rest mass of an electron. 


2. To be Printed in Ordinary italic, when not Greek. 
General Physics and Chemistry. 


Length . ‘ : , } ] 
mean free path of molecules , : 
height . ° 
diameter, distance 
diameter of molecules 
radius . 


Mass ° ‘ 
molecular weight ‘ 
atomic weight 
atomic number - 
gram-equivalent weight . 


Time . 
time interval, especially half- or mean-life 
frequency ‘ 


Velocity . = ‘ ‘ ‘ j . v5 C, (u,v, w) 
of ions ; ‘ ; : , ‘ . % (with subscript) 
angular ‘ , , ‘ ‘ . - @ 

Acceleration . ‘ ’ : 0 LUV ee 
due to gravity (as variable) , , ‘ fs 





Force 

Moment of inertia 

Pressure . 
especially osmotic . 


Volume . 
Density . 
Compressibility 


Viscosity 
Fluidity . 


Surface area 

Angle of contact 

Surface tension 

Parachor 

Surface concentration excess 


Tx Sa GS 24D 


A. 


Number of mols 
Concentration, mol fraction 
in other terms 


. 


2) 


Solubility 
Diffusion coefficient . 


Chemical equilibrium constant ets reactants) 
solubility product . : 

Velocity constant of chemical reaction 

Number of molecular collisions per second . 

Partition function 


Efficiency, of any process . 
Wave function 


es gaia bes zey 


Heat and Thermodynamics. 


Temperature, on absolute scale, (°K) . 
on other scales 
Thermal conductivity 


. 
~ 


Energy (general symbol) 
Work done by or on a system 
Heat entering a system 
Specific heat 

molecular heat 
Ratio of specific heats 
Latent heat, per g. 

per mol 


= 


ry 
58. 
? 
e 


ty 


Intrinsic energy ° 

Enthalpy, total heat, or heat content . 

Entropy . ‘ ‘ 

Free energy (Helmholtz) ‘ 

Thermodynamic potential, Gibbs function, free 
energy (G. N. Lewis) . , 


D RHA HL OHP'S & wy PDH 
ty 





Vapour pressure constant . 


Chemical potential 
Activity . 
coefficient (for molar concentration) 
Osmotic coefficient 
Van ’t Hoff’s factor . 


Electricity. 


Quantity of electricity 
especially electrostatic charge 
Potential (difference) , 
Volta potential . . 
electrokinetic potential . ‘ 
especially electromotive force of voltaic cells 
Potential gradient, in electric field 
Electronic exit work function 
Current . 
Resistance ‘ 
specific resistance . 
specific conductance 


Inductance, self 
mutual . 

Electrostatic capacity 

Dielectric constant 


Dipole moment 


Electrochemistry. 


Degree of electrolytic dissociation 
Valency of an ion : 
Ionic strength . 


Equivalent conductance 
equivalent ionic conductance, ' ™ mobility ” 
Transport number ; ; : 


Single electrode potential . 


Electrolytic polarisation, overvoltage . 
Magnetism. 


Magnetic field strength 
flux 
permeability , 
susceptibility—volume 
mass 
moment . 
induction . 


. . 7 . . 
— 


ed 


—_ 
SS 


FE MORN RD NE be ty 


Ne R 


~ 


(with subscript) 


T (with subscript) ... 


n (with subscript) 
e (with subscript), 

E (with subscript) 
a 


WR A EO 





Wave length A 

Wave number . : ; , ‘ ‘ . ? 

Intensity of light . , ‘ . . ae 

Refractive index . , . . % (with subscript) 

. ps (with subscript) 
specific refraction . ; ‘ ‘ , . 4 (with subscript) 
molecular refraction . ‘ ‘ , . [R] (with subscript) 

Molar extinction coefficient : ; ‘ ‘2 

Angle of (optical) rotation ‘ 
specific rotation . > ; ‘ : - [a] 

Specific magnetic rotation 


3. To be Printed in Roman, when not Greek. 
(a) Examples of Mathematical Constants and Operators. 


Base of natural logarithms . ; ‘ - eC 
Ratio of circumference to diameter ‘ 


Differential 
partial 
Increment ‘ 
very small increment 
Sum : 
Product . : : . ; 
Function : . : ‘ »o 


0) Examples of sseapeiibie abbreviations. 


*Ampére (in — 
Volt 


a 
Ohm " ; » : ‘ ; ae 
Watt 


Farad 
Henry 


Centigrade 
Fahrenheit 
Kelvin 


Angstrom unit 
micron 
metre 


gram 
litre 

R6ntgen unit . 
+Normal (concentration) 


Molar (concentration) 


* E.g. “‘ ma.” for “ milliampére but w amp. is satienas for “ ampére. 
t+ Separated by a hyphea tnd no 5 tall stop) a chemical formula which follows it. 


RBZ SO POR BEEP APO WMS 
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The following prefixes to abbreviations for the names of units should be 
used to indicate the specified multiples or sub-multiples of these units : 


M mega- 10° x 
k kilo- 10 x 
d deci- 107 x 
c centi- 10 x 
m milli- 10-3 x 
y micro- 10% x 


e.g., MQ. denotes megohm; kw., kilowatt; and yg., microgram. The use of 
up. instead of mp. to denote 107 cm., or of y to denote microgram is deprecated. 


4. Subscripts and other Modifying Signs. 
(a) Subscripts to symbols for quantities. 
a8 waa (oer with symbols for thermodynamic functions, referring to 
different systems or different states of a system. 
B Bex referring to molecular species A, B, etc. 
i referring to a typical ionic species i. 
referring to an undissociated molecule. 
referring to a positive or negative ion, or to a positive or negative 
electrode. 


9.9, f indicating constant pressure, volume, and temperature 
‘ respectively. 
indicating adiabatic conditions. 


- indicating that no work is performed. 

ace with symbol for an equilibrium constant, indicating that it is 
expressed in terms of pressure, concentration, or activity. 

G, V,L, Xx referring to gas, vapour, liquid, and crystalline states, 
respectively. 

0,8, t,4 referring to fusion, evaporation (vaporisation of liquid), sublim- 
ation, transition, and dissolution or dilution respectively. 

‘ referring to the critical state or indicating a critical value. 

e referring to a standard state, or indicating limiting value at 
infinite dilution. 

0,D.F with symbols for optical properties, referring to a particular wave- 


length. 

Where a subscript has to be added to a symbol which already carries a 
subscript, the two subscripts may be separated by a comma or the symbol 
with the first subscript may be enclosed in parentheses with the second 
subscript outside. 

(b) Other modifying signs. 
° as right-hand superscript to symbol (particularly to a symbol for a 
general thermodynamic function—see . 5), referring to a 
standard state. 


[] enclosing formula of chemical substance, indicating its molar 
concentration. 
{} enclosing formula of chemical substance, indicating its molar 


activity. 
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In crystallography it is recommended that : 


Millerian indices be enclosed in parentheses, ( ) ; 

Laue indices be unenclosed ; 

Indices of a plane family be enclosed in braces, { } ; 
Indices of a zone axis or line be enclosed in brackets, [ ]. 


Numerals attached to a symbol for a chemical element in various positions 
have the following meanings : 


upper left | mass number of atom. 
lower left nuclear charge of atom. 
lower right number of atoms in molecule. 


¢.g., 3Li; {H, (= D,). 


ALPHABETICAL INDEX OF RECOMMENDED SYMBOLS, 
and single-letter abbreviations. 


including all those given in the above lists except prefixes, subscripts and 
other modifying signs. 


The name of any quantity for which a given symbol is a second preference 
is printed in parentheses. 


free energy—Helmholtz ; atomic weight; surface area. 

Angstrom unit. 

activity; (acceleration). 

ampére, in sub-units—see footnote, p. 2093. 

magnetic induction. 

concentration; electrostatic capacity. 

with subscript : molecular heat capacity. 

Centigrade. 

velocity of light in vacuo. 

velocity ; concentration. 

with subscript : specific heat. 

diffusion coefficient. 

diameter; distance; (density). 

differential. 

partial differential. 

energy; (intrinsic energy); potential difference, especially electromotive 
force of voltaic cells. 

with subscript : single electrode potential. 

electronic charge—charge equal and opposite in sign to that of an electron. 

quantity of electricity, especially electrostatic charge. 

with subscript : single electrode potential. 

base of natural logarithms. 

Faraday’s constant. 

force; (free energy—Helmholtz). 

farad; Fahrenheit. 

acceleration; activity coefficient, for molar concentration; partition 
function. 
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function. 
thermodynamic potential, Gibbs function, free energy—G. N. Lewis. 
acceleration due to gravity, standard value. 

acceleration due to gravity, as a variable; osmotic coefficient. 
gram. 

enthalpy, total heat, heat content; magnetic field strength. 
henry. 

Planck’s constant. 

height. 

moment of inertia; ionic strength; electric current; intensity of light. 
vapour pressure constant; van ’t Hoff’s factor. 

mechanical equivalent of heat. 

gram-equivalent weight. 

chemical equilibrium constant; (compressibility). 

K, solubility product. 

Kelvin. 

Boltzmann’s constant. 

thermal conductivity; velocity constant of chemical reaction. 
latent heat per mol; self inductance; (solubility product). 
latent heat per g.; length; mean free path of molecules. 
with subscript : equivalent ionic conductance, ‘‘ mobility ”. 
litre. 

molecular weight; mutual inductance; magnetic moment. 
molar concentration. 

rest mass of an electron. 

mass. 

metre. 

Avogadro’s number. 

mol fraction. 

normal concentration. 

number of mols. 

with subscript : (transport number). 

with subscript : refractive index. 

pressure. 

parachor. 

pressure. 

quantity of electricity. 

heat entering a system. 

gas constant per mol; Rydberg’s constant. 

electrical resistance. 

with subscript : molecular refraction. 

radius; (specific resistance). 

with subscript : specific refraction. 

R6ntgen unit. 

entropy. 

solubility; (surface area). 

temperature, on absolute Kelvin scale. 

with subscript : transport number. 

time; (temperature—not on absolute scale). 
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intrinsic energy. 

velocity component. 

with subscript : velocity of ions. 

volume; potential, potential difference, including Volta potential. 

volt. 

volume; velocity; velocity component. 

(work done by or on a system). 

watt. 

work done by or on a system; velocity component. 

force component; potential gradient in electric field. 

mol fraction. 

force component. 

force component; g.-equivalent weight; number of molecular collisions 
per second; atomic number. 

valency of an ion. 


degree of electrolytic dissociation ; angle of optical rotation. 
specific optical rotation. 

surface concentration excess. 

ratio of specific heats; surface tension. 

increment. 

very small increment. 

dielectric constant; molar extinction coefficient. 
electrokinetic potential. 

efficiency of any process; viscosity; electrolytic polarisation, overvoltage. 
angle of contact; temperature—not on absolute scale. 
compressibility; specific conductance; magnetic susceptibility—volume. 
equivalent conductance. 

wave length. 

chemical potential; dipole moment; magnetic permeability. 
with subscript : (refractive index). 

micron. 

frequency ; wave number. 

pressure, especially osmotic pressure. 

product. 

(electrolytic polarisation, overvoltage). 

ratio of circumference to diameter. 

density; specific resistance. 

sum. 

diameter of molecules; (surface tension); (specific conductance). 
time interval, especially half or mean life. 

fluidity ; electronic exit work function; magnetic flux. 
function. 

magnetic susceptibility—mass. 

wave function. ' 

ohm. 

angular velocity; specific magnetic rotation. 
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